1 DRILL RISER BUOYANCY MODULES FIELD OF INVENTION 5 The invention relates broadly
to the repair and reinforcement of drill riser buoyancy modules. BACKGROUND 10 In offshore
drilling operations, a drill riser provides a conduit fot the drill string and drilling fluids from the ocean

- floor to the rig. The drill riser is made from carbon steel, with a number of ancillary lines attached to the
central drill riser. The drill riser hasgg§ignifigaakER R ARWaielnd el weight has to be supported by
the floating 15 drilling vessel. In order to reduce the weight that the drilling vessel has to support, the
drill riser string's weight in water is reduced by adding discrete buoyancy units called Drill Riser
Buoyancy Modules (DRBMSs) that are fitted along the length of the riser. The enables drilling at greater
depth than \g%gfbo&_e[ i &pﬁ@&ssible. 20DRBMs are generally semi-cylindrical, usually 4 to 5
meters long, comprising hollow spherical filler material and foam dispersed in an epoxy resin binder.
The enfire mixture is integrally molded within a durable outer skin. This outer skin is made from glass

reinforced vinylestgriepexyiesinsaieorproaaly termed-assfibgrglassiickypisaty ongiPREYS, one on

either side/s of the riser ngé make up the riser pipe 25buoyancy assembly. Out at sea, plastic or

reinforced p ASHE THatenali=re 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 handiggdyaneekerg30 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
condit?cg)ns, which are often a part of rig fit-out, also contribute to a DRBM's damage.

i offshore drilling operations, a drill riser provides a conduit for the drill string

and drilling fluids from the ocean fioor {0 the rig. The drill riser is made from carbon
steel, with a number of ancillary lines atiached to the central drill riser. The drilt riser
has significant weight in water and this weight has to be supported by the floating
15 driling vessel. in order to reduce the weight that the drilling vessel has to support, the
drill riser string’s weight in water is reduced by adding discrete buoyancy units calied
Drill Riser Buoyancy Modules (DRBMs) that are fitted along the length of the riser.

The enabies drilling at greater depth than would otherwise be possible.

20 DRBMs are generally semi-cylindrical, usually 4 to 5 meters long, comprising hollow
spherical filler material and foam dispersed in an epoxy resin binder. The entire
mixture is integrally molded within a durable outer skin. This outer skin is made from
glass reinforced vinylester/epoxy resing or commonly termed as ‘fiberglass’
Typically, two DRBMs, one on either side/s of the riser pipe, make up the riser pipe

25  buoyancy assembly.

Cut at sea, plastic or reinforced plastic materials are unable o 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
30  who are more accustomed to dealing with heavy steel assembiies and who do not
make aliowance for the different nature of handiing of such modules. The hasty and
harsh conditions, which are often a part of rig fit-out, also contribute o a2 DRBM's

damage.
35 Damages to a DRBM are usually classified into:

1) Leading Edge Cracks and Damages



35Damages to a DRBM are usually classifiedinto: 1) Leading Edge Cracks and Damages -2-2) _
Surface Degradation 3) Transverse Cracks 4) Longitudinal Cracks 5 Surface Qegradatlon and Leading
Edge Cracks & Damages Damage to leading edgeg from repeated impact against hard surfaces and
surface degradation from weathering are the most common formsf og dgrlgaBglyvle. AIthouEh tr;]eeslg for long
damages may igjti ittle effect on the performance of the even when f
periodgs at thér%na%%%?hg?egr%%égéleg&h, the overall integrity 10of the DRBM may be compro_mlsed
when exposed 0 réfRIEREISMBERSS Transverse & Longitudinal Cracks Generally, DRBMS with '
transverse cracks aemdirstmieaiesto a 'drop test' to determine a 'complete' fracture.A comple.te
fracture is where the DRBMs are 15severed into two or more separate pieces. If a DRBM sustains a
‘complete’ fracture, it will be deemed as unserviceable or beyond repair. Longitudinal cracks on a

DRBMZre frésiect dscgrastridceaiid enioydithrepaickedatiiessget whether they are identified as
having a "cosgpiste E@fé&'&ﬁwg edges from repeated impact against hard surfaces and surface

degradation from weathering are the most common forms of damage. Although

these damages may initially have very little effect on the performance of the DRBM
even when held for long periods at their maximum service depth, the overall integrity
10 of the DRBM may be compromised when exposed to repeated impacts.

Transverse & Longitudinal Cracks

Generally, DRBMs with transverse cracks are first subjected to a ‘drop test’ fo

determine a ‘complete’ fracture. A ‘complete’ fracture is where the DRBMs are
15 severed into two or more separate pieces. if a DRBM sustains a ‘complete’ fracture,

it will be deemed as unserviceable or beyond repair.

Longitudinal cracks on a DRBM are freated as unserviceable or beyond repair
regardiess of whether they are identified as having a ‘complete’ fracture.

20
Furthermore, besides damages, certain structural flaws may arise during the
manufac‘suring of a DRBM. These flaws may weaken the structural integrity of the
DRBM and may cause premature failure. In addition, there may be areas that are
inherently weak due to their profile. These structurally weak areas need to be

25  reinforced to prolong their service life.

A need therefore exists to provide a method for repairing or reinforcing DRBMs that
seeks to address at least one of the above problems.

30 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

35  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 building a laminate across the filled cavities.



20 Furthermore, besides damages, certain structural flaws may arise during the manufacturing of a

DRBM. These flaws may weaken the structural integrity of the DRBM and may cause premature

failure. In addition, there may be areas that are inherently weak due to their profile. These structurally

weak areas need to be 25reinforced to prolong théir service life. A need therefore exists to provide a

method for repairing or reinforcing DRBMs that seeks to address at least one of the above problems.

30 SUMMARNY modihsensding tocadiest anpessnfithe Bresent inentignidheseds %@@{M@&? method of
Y

repairing as%acked drill riser buoyancy module, comprising the steps of aligning a plurality of cracked
pieces of the Cracked module, cutting out one or more 35 cavities in the aligned cracked pieces for

positioning one or more reinforcement members across one or more crack-lines, inserting the

reinforcementmamhers:Antaidier malcdalintodhe salisn and buiding 2 eminaje agross the filled
cavities. 3 _Thg module may be severed into separate cracked pieces prior to tﬁe aﬁgnment step. In
alternate efisSaRARAIL tHE W Rties are preferentially cut out up to half-way of a thickness of the

module. In other embodiments, the reinforcement members can be made of fiberglass reinforced

plastic. The.fil ateri ntially IS ne or more of a group consisting of resin, Aerosil,
talcum povﬁgelﬁﬁ%gh?d ﬁ?&%ﬁ%ﬁﬁgﬁ 5%&@%#1@%&&&%%,%% I%larﬂinga e c%ﬁ?pr? egéb% %5F more of a

group condietig GihaiSped strandmat layer, a woven roving layer and a surface veil layer.
According to another embodiment of the present invention, there is an apparatus that is repaired by
the laminate is built as

impIementiﬂgeaiméio the aforementioned methods. In other embodiments
follows: a first chopp‘ple%é%t%ia%{%fr%g? rg?}'r‘]_ R AREEROVAS Vg T %@We%‘ﬁ?&%ﬂ%ﬁﬁ% strandmat
layer; a seCSRERENGHPEY RempIna Misrabadpene first woven roving layer; a second woven roving
layer above the second chopped strandmat layer; a third chopped strandmat layer over the second

woven rovi%golt%%(rer' a th(ijrd W Vep] rEvina\%éa%/er abave the third chopPed strandmat layer; a fourth

chopped strandma%%ti/c}erm&\% SHAG A UBT &R TRIRGSI Q) B O G RN REFEHT GonstifePEbove the

fourth chogbegraasicineiial/erea dftvozhoppedasteyademat degietaneerding feurth woven roving layer;
and a surface veil layer above the fifth chopped strandmat layer.
According to another embodiment of the present invention, there is an apparatus that

is repaired by implementing any one of the aforementioned methods.

in other embodiments, the laminate is built as foliows: a first chopped strandmat
layer; a first woven roving layer above the first chopped strandmat fayer; 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 layer; 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 a surface veil
layer above the fifth chopped strandmat {ayer.

According to a second aspect of the present invention, there is provided a method of
reinforcing an area on a drill riser buoyancy module, comprising the steps of 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 filled cavities.

Further, the area may be inherently structurally weak.



According to a second aspect of the present invention, there is provided a method of reinforcing an
area on a drill riser buoyancy module, comprising the steps of 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 lanSiaate across the filled cavities. 3a In alternate
embodiments, the reinforcement members can be made of fiberglass reinforced plastic. In other
embodiments, the cavities are cut out up to half-way of a thickness of the module. The filler material
comprises gne,or more of a group consisting of resin, Aerosil, talcum powder, and Microballoons. 4 In
further emb% A s the. ?gr%mg[%scgn?p%ér%sogzneén 8?”8?@%?5%?8%%80@5@%@ drseksSped
strandmat, "&ifeiess! iefig: layer and a surface veil layer. According to another embodiment of the
present invention, there is an apparatus that is reinforced according to any one of the aforementioned
reinforcingim%%ﬁggs. In other ?m%c))dime_nts, the laminate is built as follows: a first chopped strandmat
layer; a first woven TOVIRg 15y er abEvEtheRr &l iEb et W dndrkpiay & 2 Gudskgtrdphed strandmat
layer over thedifét 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 abaqye the third chopped strandmat layer; a fourth chopped strandmat layer over the third
woven roﬁgquieeﬁ g‘ﬁgﬂ?ﬁ% ﬁ%ggﬂsﬁﬁ/ﬂbﬁa‘%wgﬁ%\?é fhOTBRUTUHBHIE) LtrsHm A a fifth
chopped stedgiimatieesr aveiMinecfmiichrwoven roving layer; and a surface veil layer above the fifth
chopped strandmat layer. BRIEF DESCRIPTION OF THE DRAWINGS Example embodiments of
the invention will be better understood and readily apparent to one of ordinary skill in the art from the
following written description, by way of example only, and in conjunction with the drawings, in which:
Fig. la is a perspective view of a DRBM with a damaged surface that has been repaired. Fig. Ib is a
cross-sectional view along the section A-A of Fig la. Fig. Ic shows an embodiment of a laminate of
fiberglass reinforced plastic (FRP) in a DRBM with a damaged surface.



Fig. 2a is a perspective view of a DRBM having leading edge cracks that have begn repaired. Fig. 2b
Is a cross-sectional view along the section B-B of Fig 2a. Fig. 2c shows an embodiment of a Iamlnate
of FRP. Fig. 3a is a perspective view of a DRBM having a transverse crack that has bee_n repaired.
Fig. 3b is a cross-sectional view along the section €-C of Fig 3a Fig. 3c i_s an enlarged view of area
350 of Fig 3b. 4a Fig. 4a is a perspective view of a DRBM having a longitudinal crack that has been

repaired. Fign Abtieasreiargeatviancbsaediondnadkignda Migre & 8 SOSS SRKIaNA ylew of a
reinforced DRBM. Fi@ure 6 isaa&flow chart illustrating one embodiment of a method of repairing a

damaged sGirface of LBHEE i PYE R AN R RIS ABHERSRe Bhi®&diment of a method of

repairing leading edge cracks on a DRBM. Fig. 8 is a flow chart illustrating one embodiment of a

method of repaifinadransyars eracksoRa RRBMresam gk 9:5 20w chartillustrating one _
embodiment of a mgthod of repairing longitudinal CTI?C?S ona III)RBM.%EQ. ?g%af%\lfvscqﬁgrt illustrating

one embodIfHBFE FRAHEH 0% fRirforemfyd Brefrementioned reinforcing methods.

In other embodiments, the laminate is built as follows: a first chopped strandmat
fayer; 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
iayer 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 layer; a fourth chopped strandmat layer over the third woven
roving layer; a fourth woven roving layer above the fourth chopped strandmat layer; a
fith chopped strandmat layer over the fourth woven roving layer; and a surface veil
layer above the fifth chopped strandmat layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by

way of example only, and in conjunction with the drawings, in which:

Fig. 1a is a perspective view of a DRBM with a damaged surface that has been
repaired.

Fig. 1b is a cross-sectional view along the section A-A of Fig 1a.

Fig. 1c shows an embodiment of a laminate of fiberglass reinforced plastic (FRP) in a
DRBM with a damaged surface.

Fig. 2a is a perspective view of a DRBM having leading edge cracks that have been
repaired.

Fig. 2b is a cross-sectional view 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. 3¢ is an enlarged view of area 350 of Fig 3b.



5Fig. 11 is a flow chart illustrating one embodiment of a method of coat painting a DRBM. Fig. 12 is a
flow chart illustrating another embodiment of a method of repairing cracks on a DRBM.  Fig. 13is a
flow chart illustrating another embodiment of a method of reinforcing a 10 DRBM DETAILED
DESCRIPTION Fig. la is a perspective view of a BRBM 101, designated generally as reference 15
numeral 100, with a damaged surface cavity 102 that has been repaired and an undamaged original
surface 10471y isauiscepstapddinet dey pembenni damagedosigiagn gaviiesmaayaempegsent on any part
of the DRBM 5101, surface. Fig Ib shows a cross-sectional view along the section A-A of Fig 1a, in
which the 20 damaged surface cavity 102 is repaired by advantageously filling the cavity up with a
layer of fillef thatermppreferesfixifMigheaeigntisatef Ke84md thereafter a laminate of fiberglass
reinforced plastii¢ERI)sEAG:isicisporad Aboventbe-pytirByer 108. The lightweight putty 108 may, for
example, cegmpri f.one o I resin, aerosol, talcum powder and Microhalloons. The laminate
of FRP 106%5{?56}% eaxgﬁr%n’p#e?{g gﬁﬁ%%%&ri@% %?%ep L%t% i y%?[?c oap%é‘jl“ Saa?ﬁﬂ&?ﬁﬁi" E(@\S@l\/l) layers, woven
roving laye(URRSheaGraéa WiiHlyers. Fig Ic shows an embodiment of the laminate 106,
designated ngn‘englglf@wrﬁiéfﬁmQ@tﬁﬂiﬁ@@l@@ﬂbma%m%@%@@%%rl%w 111a followed
by one Iayeécpfe%pa\égl? Jhlaog}:ig%%rsed above it, further followed by another layer of CSM 111b that is
disposed above gal §?ayers a and 110, followed by a surface veil layer 112 disposed above the
layer 111b.FiaEsmMiandiamilaptriingconacrapgiornafely:Buothigeiwhiledherswstace veil layer
is approximately=0:hmmthick. The total thickness of the laminate 106 is thus approximately 2.9mm. 35



- 6 - 204b that have been repaired. It is understood that any number of cracked surfaces with differing
sizes may form on any leading edge 202a/202b of the DRBM 201. Fig 2b shows a cross-sectional
view along the section B-B of Fig 2a, in which the-% cracked surfaces 204a, 204b are repaired by

- advantageously filling them up with a layer of filler material, preferentially Iightweight putty 208 and

heroafior 2 Mo SERRFOREMTRISHA BpNE PR e EDS: Lhs iobiealipuly 208 may.

for example, comprise of one or more of resin, aerosor, talcur powder and aHOONS > The
laminate of FRPKS® Gonip#ldes, for example, a plurality of CSM 10layers, WR Iayers and surface veil

layers. Fig 2eighawssan embagisentetimipmisateebiiRRA08; designiedoenprallyias seference
numeral 25%Wh may comprise a plurality of alternately disposed CSM layers

210a/210b/ 10d/210e and WR layers 212a/212b/212c/212d, that are all 15 eventually disposed
below @surfaige Véildagdioplaharhd CHMinndveReayediagat ezich atnoximately: Q:8mtimghick, while
the surface ygidgyer is approximately 0.5mm thick. The total thickness of the laminate 206 is thus
approximately 7.7mm. Fig. 3a is a perspective view of a DRBM 301, d 013Pnated generally as reference

20 numeral 350 1@&?‘/@3%"&%@@& YEIeB6%Eh SRS Her Féﬁd"?@ﬁ‘ Hd SRBNIBOEHEY be

severed intooa plOfaty. of separate pleces In order to repair the damage caused by the crack 302 and

to additionally reinforce ghe RRBM, 301, it Qﬁgﬁ regng t reinfor emen t members,
advantageousgir FRP reinforcement pu tr on roé Bg&%ﬁ‘g %Ll#reg ﬁ{see%t%% ?ntg%ergﬂ%ﬁﬂ 301
across the 02. 25The reinforcement rods may be of any suitable dimension. Fig 3b shows a

cross-sectional view along the section C-C of Fig 3a, in which the plurality of FRP reinforcement

pultrusion r ﬁ g d into the DRBM 301 to reinforce the same. 30 Fig 3c shows an
RS T

enlarged view o 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 laminate GfigRP:330; Horfisbiveigbhputty 398RY Prelaserialy Commdiss ofonsgLmare of resin,

Aerosi
45 numeral 100, with a damaged surface cavity 102 that has been repaired and an

undamaged original surface 104. It is understood that any number of damaged
surface cavities may be present on any part of the DRBM's 101 surface.

Fig 1b shows a cross-sectional view along the section A-A of Fig 1a, in which the
20  damaged surface cavity 102 is repaired by advantageously filling the cavity up with a
tayer of filler material, preferentially lightweight putty 108 and thereafter a laminate of
fiberglass reinforced plastic (FRP) 106 is disposed above the putty Iayer“iOS. The
lightweight putty 108 may, for example, comprise of one or more of resin, aerosol,
talcum powder and Microbalioons. The laminate of FRP 108 may, for example,
25 comprise of a plurality of chopped strandmat (CSM) layers, woven roving layers

(WR)} and surface veil iayers.

Fig 1c shows an embodiment of the laminate 106, designated generally as reference
numeral 150, which may comprise cne layer of CSM 111a foilowed by one layer of
36 WR 110 disposed above it, further followed by another layer of CSM 411b 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 C.5mm thick. The total
thickness of the laminate 106 is thus approximately 2.9mm.
35
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,



35talcum powder and Microballoons. The laminate of FRP 310 comprises, for example, a plurality of
CSM layers, WR layers and surface veil layers. - 7 - The laminate of FRP 310 is similar to Fig 2c,
designated generally as reference numeral 250, which may comprise a plurality of alternately disposed
CSM 210a/210b/210c/210d/210e and WR 212a/212b1212c/212d layers, that are all eventually

disposed be f il he CSM and ers are. 5ea ximately 0.8mm
thick, while %M‘sur g{:gg\%l éygy |8 app?o-itlr‘fsla eflwf)sa‘fmc}n%ﬁlc mﬁ'ﬂer?ot%rl ﬁmc’k §%§ E%é:%mlnate 310
is thus appra¥imatéieaRas. PRy, Waisos 9@%&@&%@@&/2&2@@%@4@&%@)@@&% generally as

reference numeral 400, having a longitudinal crack 402 that has been repaired. The DRBM 401 10
may be seveFred |g|to a \Bluraht of s eggarate |ece % 4b shows an enlarged view of section 450 of

Fig. 4a. In ofderd Fap4i t%gr Shage Wadls 8‘% RTTAH ErEeR408 £Rd o YEIGTLIES the
DRBM' é’a401cmmmwmmmoamswm@mmmsaemgmmw fifimgitfiercamentimembers,

advantageoq@gfd%ﬁ,g@lm&@gg ﬁé@%%‘ﬁg Pg"‘r@tﬂfel H{rWQnggn@ EN%@%?Q%D%%&? fptlally

lightweight putty 406 and a 15 laminate of 408 that is built up over the respective reinforced
areas, e.g. 409 T8 (SiARPEERTAR DS ERE AoAhL faE] #1 of 5%3/‘@%&%%"5%%%8% M3e fghtweight
putty 406 mayameferentialbyriconyfrisenef ane mbmor@‘ ofgeisin, A6, tedeumm ppwdﬁ!ra%@hd

Microbalooife e ate o FF A8 compises. [aneaarble. S JUIEIY GO IpyeTscyVR lavers

and surface vell Iaégrs It is noted that in the en arge view of 20sec rtion of the
laminat® of BRP 08 FrRswATOBHERS? ¥RirIBYEThe laminate of FRP 408 is similar to Fig 2c,
designated generally as reference numeral 250, which may comprise a plurality of alternately disposed

CSM 210a/2F1 qﬂ%‘:{%é%%/ﬂ e gnd V¥R 2%2 1!%2 2%9%/%]5%5 yers,.that are all 25 eventually
disposed belowa suttacever Inyar 974" thi'e 2PEEHR %B%ﬁ?ﬂéﬁé‘?ﬁ 0.8mm
thick, while fﬁéeé%rr@ﬁcwwé?éﬁlsvﬁmdﬂwm@m@mhﬁﬂemﬂ‘ﬁ@m&ﬂaiglﬂhm@ﬂtﬁ@Mm|nate 408
is thus apprey@atelnd/7 0% 10c/210d/210e and WR layers 212a/212b/212¢/2124d. that are all
15 eventually disposed below a surface veil layer 214. The CSM and WR layers are
each approximately 0.8mm thick, while the surface veil fayer is approximately 0.5mm

thick. The total thickness of the laminate 206 is thus approximately 7.7mm.

Fig. 3a is a perspective view of a DRBM 301, designated generally as reference
20 numeral 300, having a transverse crack 302 that has been repaired. The DRBM 301
may be severed into a plurality of separate pieces. In order to repair the damage
caused by the crack 302 and to additionally reinforce the DRBM 301, it is preferred
that a plurality of reinforcement members, advantageously FRP reinforcement
puitrusion rods 304a — 304e are inserted into the DRBM 301 across the crack 302.

25  The reinforcement rods may be of any suitable dimension.

Fig 3b shows a cross-sectional view along the section C-C of Fig 3a, in which the
piurality of FRP reinforcement pultrusion rods 304a — 304e are inserted into the
DRBM 301 to reinforce the same.
30
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, preferentiaily lightweight
putty 308, in which the putty 308 is disposed below a laminate of FRP 310. The
lightweight putty 308 may preferentially comprise of one or more of resin, Aerosil,
35 taleum powder and Microballoons. The laminate of FRP 310 comprises, for example,
a plurality of CSM layers, WR layers and surface veil layers.



In addition to the reinforced areas e.g. 409, sufficient repair areas, e.g. 411, on the 30 cracked

- surfaces of the DRBM 401 along the crack line 402 is grounded off to a taper. Thereafter, the areas,
e.g. 411, are cleaned and a laminate of FRP e.g. 4¥3is 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 foll bunt up la es of FRP ese areas are inherently
structurally v%ﬁé)éjk %ﬁ% oéthcé?lr%ﬁ ar pro I8 aarfdta;E %%rie o1 %?ﬁ%ﬁ?& ?gﬁ?} . a@tﬁee?rﬁﬂ?&urally
weak areas BT PHREN. mdidie prasenpamiiste hophrehtiordd aiteenatalditidnatiyestrG&irally weak

areas may ajs@atiseisipedgengiRRIULRG fians. Moresvasseinforced aieas nesd ngtbe,structurally

5 weak nor suffe(g @ anufacturing flaws. - reinforcement can be carried out wherever strengthening
RO RERBEIe

is desired. REIRfore PRTEMBEIR B 68 808 e Plbed In the Vit BF e dfificétFareas 504a
- 504b @nd thecreairing sprace. érwm’srfﬁrﬂkemenha‘dheemém:en@mtmmm fﬁt&xﬂm&hﬁa&mateﬂﬁrh comprising

a filer materiak,pepigeRLAlAABLLBIGRL L aBa: o S0BRANbAIAINALE of FRP 510a - 510b. The

10 lightweight putty 508a - 508b may preferentially comprise of one or re of resin, Aerosil, talcum
powder and Microbe'loons. The laminate of FRP 510a - 510b may, for example, comprise a plurality of
CSM layersFiyR4ayiers precssatiace weil layerHrRbeilaminatesefzRE 3t8ar=hlab iesimiaE to Fig 2c,

and design 5r |ch e I alternately
disposed CanIiI%I g%ﬁ@ gg%él C?Z%g% %‘i%ﬁeaqa%%%/é&;]% fﬁb&ﬁ%oﬁfﬂpﬁq:ﬁ?g%%@r all
eventudlly di8BYSEFEBERN & 'suFate B ryeraide PireeSNicardd WRWayer s aasssachieappioximately
0.8mm thicksa¥hila m%ﬂﬁ@paaellh|Mrl§a&9@é@>%@&i§!ﬁé§é%ﬁﬂs%%y Theitptal thickngssiof the

laminate 51 510D is th S appro 20 Figure 6 js a flow chart illustrating one
embodlmentgg 5 ?TDIPEP écsefgﬁatég%’jkeﬁ9 ﬁé{gg?g«f&e’f W%‘Fa{? 600! 6F fePAIG S dhmaged
surface of ammlfyrhferﬁﬁe‘mg@hm*glnwmhlargrladmgfe@mms R theeddoncige hstirfadedaf-the DRBM
602. Thereafips;, the sulfags that aaﬁ;#a@erw@@ends@érgmmd mmvgdmpraﬁﬁ?%% and 5 brushes

604. Next, acetone or an% other suitable solvent is used to chemically Clean the surface 606. Then, the
surface? whig 8 #HEwuh ﬁO%s*Pééh%lBa&f\Hﬁhoaemn&erﬁ%%eaaﬁwsr@é}fem%qwmmgrﬁO@utty 608.
The putty make foriefvaraplencoimiptstoohdnaay peose mwwmmwmbﬁaﬂ@u NTROWEIehanht

Microballoopa] DGR NG IR BRI IRNANGA, %P RLIE (NG AGRIIREAGE0- TNext, any

dust on the 30 DRBM IS cleaned wit compresseé air and brushes r'Fﬁereaci?{’er ?REFe reshaped

surface is clRAHMHARRRIRAASNE AR BiR of ERRAARS SOmeRssa foneannifca £ baktasions the
reshaped suagaaze as/folloyess akShltmyer ﬂesdI@p@ﬁ@dth@l@im@d%tlaueﬂhéf@n%é@m’é# dhen

ayereidio, Mo At SRR SELrR e A S ChE ol R RH i aurtace vel
layer so that any abrupt change on the DRBM s surface is avoided 618. Finally, the DRBM is fully
cured for atThe [aminate of FRP 408 is similar to Fig 2c, designated generally as reference
numeral 250, which may comprise a pluraiity of alternately disposed CSM
210a/210b/210c/210d/210e and WR 212a/212b/212c/212d layers, that are all
25 eventually disposed below a surface veil layer 214. 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 408 is thus approximately 7.7mm.

In addition to the reinforced areas e.g. 409, sufficient repair areas, e.g. 411, on the
30  cracked surfaces of the DRBM 401 along the crack line 402 is grounded off fo a
taper. Thereafter, the areas, e.g. 411, are cleaned and a laminate 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.
35
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.



- 9 - least 12 hours and coat painting is carried out if no more repair work on the DRBM is required

- 620. Figure 7 is a flow chart illustrating one embodiment of a method, designated 5 generally as
reference numeral 700, of repairing leading edge cfatks on a DRBM. The method advantageously

- begins with grinding off any areas with missing foam and also areas around the leading edge cracks

702. Thereaﬁﬁés@%@g%aa@marxﬁf%?gwewe\m@ &&al&?qhvgiﬁhcﬁs;mgrreﬁ%eagf%;ég@” drushes

704. Next, acetone or any other suitable solventis used to chemically clean t . Then, the
areas 10 with PR sihgPrEEIRAt it ' greQtharotindrtHER iz ARl ctiga cralckaca faR kY ath Befiller

material, prefesainy auity£08etTherpiaiydserefesaatinihalig iweighband ety afos e xapriaocomprise
one or morea%géeggj%, j:Aeﬁgo%il tagjym gwsdei{ﬂgp%\ll\ég_cr;%%llogn . Then, th aregs, ¥vh(iﬁ;h ?{e uneven,
are reshaped with said puﬁtﬁf e areas, Which have now been Testr %%T, 418 SAdEd and

smoothenedveeR. NextsEiy dixromasukelDRBMidyeleaneitivitecempessda:airaangbushes 714.

Thereafter, (he-resbaRREAIRaSIAIG:CIRANEH With-ASCIORS PLAMRIResRtabigRoleny 116, A laminate
is built across tﬁe res,h,agoed areas as follows: a CSM Ialger is disposed below a VVR layer; and this

alternate layBring SFOHE BISNP JRBIEERFLRIBH ond 3 vRIAHENE HiRheFEsHRR $84%R MR ihereatter, a
final CSM layer isidispaseeraboeentires2 @ ditemhatity € Sivhianid|\V\Briayienrsy Finéilly; arststace veil layer

' disposed gl AR IRNRRG IRnMesbdnedgminale ﬁgmﬂg%g'xft?ﬂwr%gﬁfygd?ﬁé {ig.eqges so that

any abrupt change of the 's leading edge surface is avoided 720. Fi e DRBM is fully
cured 18 at fe4&YQIH Yy arfePBoativaintingy i el it BapRitt et pBiralGIREMOIEDRBM is

required 722e26sfiguie B isawiow chamitiasisatings o« mbadinestt ke Beshodsdesignated
generally a%?g?{aer%% négp%rg %ﬁ%%uorfa q?ﬁg#%r%nsvseraﬁﬁ%acelﬁg on dasgrﬁa%‘la\/l%%” e tgﬁsverse cracks

may each comprise a crack Ce The transverse cracks ay also sever't into a
plurality of separate pieces. The method advantageously 30 begins with aligning the plurality of

cracked DRBM pieaasttogetiver 1abut Hiris corspsiandingcracked sutares807Mexly all locations
Wherei% pl ultrusion reinforcement bars, are to be

uraﬂt of reinforce t members, preferably FRP ,

placed dn bot eé@%%&%%@%%@l\‘ﬂ@% HQSVk‘é%f"%?fF@o%P‘%BB’a o G BAANPRRESRAT M used to cut
out cavities #dPptsifiongetBeldfoecemdnt/Bars?8@6/atrbis1@ne BBdortayere, cihek lames alhe cavities
are preferenyialy i o oy ol ey ol e gkingss obine PREM e el maleral

preferentially lightweight puttly, may first be inserted into said cavities, followed by placing the
reinforcemeTRELFORIES ARSI B SragWlIChny iRy e IR R S dB¥Sh R rRPBERITBEIRRAY BB hally filled
with said pultitycBOBRdl tueap thiykissprade teatmtynith BreightsEnd maydapexampesiganpiise of one or
more gfresin, Aerosil, talcum powder and Microballoons. Next, a sufficient repair area on the cracked
surfaces of the DRBM along a transverse crack line is grounded 5 off to a taper 810. Thereatfter, the

area that had8H¥&n%rsuRdéats eneandtstititdripresEBRCAiMenY 19fushewslin. Nisgigagiene or any
other suitabigselypnkisraseerie-onemiealsoolesndpeiniga 8hthates aminates pribRCross a
e MR BUONE i RIS R R etk e e e o of one
Thereafter, the surface that has been grounded is cleaned with compressed air and
25 brushes 604. Next, acetone or any other suitable solvent is used to chemicaliy clean
the surface 606. Then, the surface, which is now uneven, is reshaped with a filler
material, preferentially lightweight putty 608. The puity may, for exampie, comprise of
one or more of resin, Aerosil, talcum powder and Micreballoons. The surface, which
has now been reshaped, is sanded and smoothened 610. Next, any dust on the
3C DRBM is cleaned with compressed air and brushes 612. Thereafter, the reshaped
surface is cleaned with acetone or any other suitable solvent 814, A laminate is buiit
across the reshaped surface as follows: a CSM laver 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 6816. Next, the laminate is smoothly
35 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



10 CSM layer is disposed above the alternating CSM and WR layers. Finally, a surface vell layer is
disposed above all nine layers 816. Next, the laminate is smoothly terminated at its edges so that any
abrupt change of the DRBM's transverse joint surfae is avoided 818. Next, the DRBM is fully cured
for at least 12 hours and the DRBM is flipped over to its other side and steps 810 to 818 are repeated

820. Finally, 1aoithe DIRBM IS fully cur g%t hours and coat painting.is.carried out if
no more repgir work on the DRBI\/I%S r%%g?g %.@éilgﬁféé%i%"éeﬂ?? Chart | @?F%%r@’ga?r'}i Bmbodiment
of a method ¥fe4igA&EY generally as reference numeral 900, of repairing longitudinal cracks on a

DRBM. The 20 longitudinal cracks may each comprise a cracked surface. The longitudinal cracks

may sever the DRBM .into a plurality of separate pieces. The method advantageously begins with
aligning the%ﬁ%?ﬁi@%*scraagk%ﬁé %\4%%%%'5“% é}%e?%bggmﬁ% 8%r?e§b%ﬂ8 g gﬁg%gurfaces

902. Nékt, afidoertignsswhitaieaopluratityf feihfofcepadimanestbeyssdreferadily BRR feiBbicement
plates, are tehe plassd apvaRRMUBRIFISS Mg PREM Aremaked k90, Thetsaftar, cutting disc

is used to cut out cavities for positioning the reinforcement plates 906. The cavities are preferentially

cut out up tFAAIERAFSEhATHERHBEIGIHRE PREE NI aIEKY L rillbermalishiaine araeimalifaishtweight
putty may firtwésegrm_e'ﬁ_tmﬂ iate mwgammmm@bwplaqmngQeimfmcmm@m@&ies wto th_e
sarne. and afiy iamalaing R0k 9 10 e cRviRsRANAINGR YD Re O UeR OB The ity 1s
preferentially lightweight and may, for example, comprisSe one or more of resin, érosf talcum powder

and-célf and"Wlicrspile SARMNEKL IRetifRSeHE HEP i alRad By eros RS ered DRBI afdsg a

longitudinal eratekdineistgravindadiofits atapes 30isT besealiarathaigrassthat Bag beap gspunded is
cleaned witt& r%%e%%e:ﬁj ;i::}isr anrgebrpsho% ggzésli\lﬂe&, 35.la<%eltone or an oth ;\ifuit?%? solvent is used
to chemically clean the area 914 e laminat& € bt %SérosascgrpoﬁaWu N3l JonFEE OfeWE: a csMm
layer is disp68et Betod eawy RVius/e Grhisnaivemaael agehirrpof witte €8Mdibpd3ed Detowanse VVR layer

is -11- furthgriganiiiveashihrieen Tharaaliersa nAeSMhYRislisRaseS akeye m%edr&raating CSM
and VY la i rs 916. Next, the laminate

ﬁrs.l#:% lly, a surfac§ veil layer is disposed above all nine Iag%e;

is smoothly tefm & ifd%058s Y8 ERBR{FABR A &Nde IS DR BR'S I51§RTBINA Rint surface
is avoided 9E8hbmd, tieas BRBMisddllyiureddonat lrasnd 2ot s citebibesBIiRBM 79 4lipped over to
s other side.idkaleRs: 240 12,318 are febsaled 920, Finaldne DRBM S Yl suigdagalp for at east

12 hours and coat painting is carried out if no more repair work on the DRBM Is requi 2.10
Figure 10 isPE WS AXRSir80AJ R & EistRilR ST of hetnBE Midsrre Pglereras WRreference
numeral 1008;sofiscfinforsingsinuetitaiyaveakramsas, eriiadd RBM. 1y thasstivptsallywrakiasea on the

DRBM, s nof el S tural inteqri ay be.compromised and this may lead to a
short'\e{bndzd sélg\%l?e;%%e%lg Ii'}rﬁh%i:-%?net ol yp%t%é%&?%y%b%%sc W}{ﬁ[%a}’r%r{a éﬁp the ??)(a:gﬁ\é%saWhere a
plurality of rBiffo@&ifeAi tndiflerSeprsrdialsy ssRPOBENY seiabiatethfriemeerpradbaarnto be placed

at the areasstsripe rerafeeest ancterPREMLNRy Ratifosced @raasgredatie straturally weak nor
suffer from @ﬁgma}gtyuﬁiiggc&rae\gsférrg{ fe%rs%e{g%nc;[u%g%r?g coat painting is carried out if no more
repair work on the DRBM is required 722.
25
Figure 8 is a flow chart iliustrating one embodiment of a method, designated
generally as reference numeral 800, of repairing fransverse cracks on a DRBM. The
transverse cracks may each comprise a cracked surface. The transverse cracks may
also sever the DRBM into a plurality of separate pieces. The method advantageously
30  begins with aligning the piurality of cracked DRBM pieces together to abut their
corresponding cracked surfaces 802. Next, all locations where a piurality 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
35  or more crack fines. 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



20 carried out wherever strengthening is desired. Thereafter, a cutting disc is used to cut out cavities
for positioning the reinforcement members 1004. The cavities are preferentially cut out up to half-way
of the thickness of the DRBM. Next, a filler material Soreferentially lightweight putty, may first be

inserted into said cavities, followed by placing the reinforcement members into said cavities, and any

remaining osRacein Ing eanliem > nally ek WD mald Pt 908 T HEBUIN S BieErgpallY
lightweight and may, for example, comprise one or more of resin, Aerosil, talcum powder and
MicroballoorfOENERE Bufticie MY pEssaMiarudishiMaiditiang brandeermianteld aeansapolneedoff to a

taper 1008. Fheseaftassithenepair aspaihaidambesn weypesbimsleased withmempressed air and
brushes 1010. Next aceto&?egr any go %t&%r Bw le solvent is used to ¢ e{,nically clean the repair

area 1012. Thereattr: 5 Bamiiate LBl atrosS the Fpit AIED RCrEh S 0 $3/4198 Yisposed
below a?VVRTalfer thigeail@tRatENairering dhormaaShktisposetkbetom otel\Rdaypers futther

continued thesgpEagseniiee:a BAal ESWiayesis disnered Apye s SlEDAINg, GOV ARIMR layers.

Finally, a surface veil layer is disposed above all nine layers 1014. Next, the laminate is smoothly
il

terminated aPifd'SAYEY LS thard7@ &y abRSpEEHARG HIMHE BIvESMS LaRRIeTs BRI 1016.
Next, the DRBWs fallgSurdaltoriatdaastd@ helors andEheapRBiMdsaftippetk auestadtedther side and

steps 1008 sl ais it aiadnsatef R0k ioaly DI BRELI flcurrd agalp forgl jeast 12

) \ (i
hours and coat painting is carried out if no more repair wo M is require 50. Figure 11

is a flol chdrtiltl&YaLify BrrreribdifiMice e rthe & abbrith B (prssvaljradietererieesnumeral
1100, of coatsiaiaingia DRBMeasatisclosadrinstens 6261 22282212 2amekk029 aboveyJhe method

preferentiall i [ ing any .areas where repairs and/qr rei ements have been carried
out 1102. TF}lleeFr}ﬁa te.r,&\tlég 'Egggﬁggﬁesgéﬁaﬁe%n\xiﬁ%rcﬁ%ppeaggeedOéli%[éen b%@ﬁ&%ﬁﬁﬁe’ﬂ? he areas
are preferertitifFeldaneeidthtdSefome. oharyritiveissiulablersdifenttiites: AllMfirstaud tcoating

paint may theree rEnisdaos e RBM:S shtirarsusiass 410% BUPsRANGHUI-4 §8698AMN Of the paint
is advggtag%)u%l% plie "mmed%atelg a{grt e first run 1100. Finally, the paint is left for ~
approximately four hours fof T A TS 2 5Hgule THE ROV HRTH00 fIGeFEHEY Fethod of
repairing a dracke'e teiatissetsuoytiecy RiiddidesnomdBRPto another embodiment. At step 1202, a
plurality of cracked pieces of the cracked module are aligned. At step 1204, one or more cavities are
cut out in the aligned cracked pieces for positioning one or more reinforcement members across one

or more crabiéiifes? Af sfef'a% 08 3He TERiFBIREN IR FERPRIRPOA{d A MRIPAThtekaINsserted into
said cavitiegyehesitp d208c@ faminateis| 900 acrepsithe fidegivavities:dciguse dDrEmlomehart 1300
ustrafing methaspliciarenganaaea on Al Lserpuavangy mohle & steh 102, gne or more
cavities are cut out in the module’for 25 positioning one or more reinforcement members. At step
1304, the refitért@ffieitnTermbbrRiarPli iy AMariripireineeiddmieetid edviiseopeusiep 1306, a

laminate is beiiracioss thgfilled ®aviiessity of cracked DRBM pieces together to abut the
corresponding cracked surfaces 902. Next, all locations where a plurality of
reinforcement members, preferably FRP reinforcement plates, are to be placed on

25 both pieces of the DRBM are marked out 904. Thereafter, a cutting disc is used to
cut out cavities for positioning the reinforcement plates 906. The cavities are
preferentially cut out up to half-way of the thickness of the DRBM. Next, a filler
material, preferentially lightweight puity may first be inserted into said cavities,
followed by placing the reinforcement plates into the same, and any remaining space

30 inthe cavities is finally filled with said putty 808. The putty is preferentially lightweight
and may, for example, comprise one or more of resin, Aerosil, 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 to a taper 910. Thereafter, the ares

that has been grounded is cleaned with compressed air and brushes 912. Next,

35 acetone or any other suitable solvent is used to chemically clean the area 914, The
laminate is built across a longitudiné! joint as follows: a CSM iayer is disposed below

a WR layer, this alternate layering of one CSM disposed below one WR layer is



It will be appreciated by a person skilled in the art that numerous variations and/or 30 modifications
may be made to the present invention as shown in the embodiments without departing from a spirit or
scope of the invention as broadly described. The efbodiments are, therefore, to be considered in all
respects to be illustrative and not restrictive. PCT/SG2009/000394 - 13 - Received 6 September 2010

CLAIMS 1. A maihocafiepaiiig.a crkeddrl dssrbueyeneymodile amprising e seps o
aligning a plurality of cracked pieces of the cracked module; ~” cutting out one or more cavities in
the aligned &kRatNsicceY faRpoRmoANRISoidGHmaereéyErfBreamareniemiseeset@aavendl or more

crack-lines; isemingrheminercemedmembarsad@fillermaiesialinie saigbeayitips: ang building a
10 Seperatd SAGT HEoaL RoP ST a RN Seabl 155 e B B At o Haim 1.
whereirPthe iFsifdrée fnewiedniserat deeshad érofifibengldss b cedipiastioves. (T hie migtiod
according tosglainhd. sdireiuthe sayities &R subasid e ey Rbathickie ss g medule.

for at least 12 hours and coat painting is carried out if no more repair work on the

DRBM is required 922.

10 Figure 10 is a flow chart illustrating one embodiment of a method, designated
generally as reference numeral 1000, of reinforcing structurally weak areas on a
DRBM. If the structurally weak area on the DRBM is not reinforced, the DRBM's
structural integrity may be compromised and this may lead to a shortened service
life.

15
The method preferentially begins with marking out the locations where a piurality of
reinforcement members, preferably FRP bars and/or reinforcement plates, are to be
placed at the areas to be reinforced on the DRBM 1002. Reinforced areas need not
be structurally weak nor suffer from manufacturing flaws — reinforcement can be

20 carried out wherever strengthening is desired. Thereafter, a cutting disc is used to cut
out cavities for positioning the reinforcement members 1004. 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 members into said cavities, and any remaining

25  space in the cavities is finally filled with said putty 1006. The putty is preferentially
lightweight and may, for example, comprise one or more of resin, Aerosil, talcum
powder and Microballoons. Next, sufficient repair area in the vicinity of the reinforced
area is grounded off to a taper 1008. Thereafter, the repair area that has been
grounded is cleaned with compressed air and brushes 1010. Next, acetone or any

30 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 iayering of one CSM disposed below one WR tayer 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 layers

35 1014. Next, the laminate is smoothiy 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 at least 12 hours and the DRBM s flipped over to its other side and steps 1008 to



20 5. The method according to claim 1, wherein the filler material comprises one or more of a 'group

consisting of resin, Aerosil, talcum powder, and Microballoons. 6. The method according to claim 1,
wherein the laminate comprises one or more of 25'& group consisting of a chopped stmndmat layer, a
woven roving layer and a surface veil layer. 7. The method according to claim 1, whereln the laminate

= buil as folgye-ALTebshieppas) slrandimatbisrsidadystewen kaungdrieidloys g fyst chopped

strandmat layer; a second cho 1r strandmat layer over the first woven roving layer; a second woven
roving layerHBbteAHREEERE 1R PP &Y tran dine 18paY, WartiRndRe M tearraiviErdayCover the
second woven roving layer; a third woven roving layer above the third chopped strandmat layer; 35'a

fourth chop@ed sér r%nat Iq er qyer thﬁﬁtﬁg}rq woven row%gnqlla er; a fourth woven rowrr]]%tlga/er above

the fourth ché%%red strandma \’iuafera; ﬁﬁ“af C%S‘Spé’é’@st?a”% a ?gfle? over e?ouffiﬁs\f\%ven roving layer;

and Amendégrsiaat 3P EAgtsce TWnRedeNef. 0 Septepatiding0l O RBT/sG00016003%4easurface veil
layer abovedhe fiffty ChOPPEEb SIRNAMaL YRE. The method preferentially begins with sanding

any areas where repairs and/or reinforcements have been carried out 1102
Thereafter, the areas are cleaned with compressed air and brushes 1104, Next, the
areas are preferentially cleaned with acetone or any other suitable solvent 1108. A

10 first run of coating paint may then be applied on the DRBM's entire surface 1108.
Subsequently, a second run of the paint is advantageously applied immediately after
the first run 1100. Finally, the paint is left for approximately four hours for it to cure
1112.

15 Figure 12 1s a flow chart 1200 illustrating a2 method of repairing a cracked drill riser
buoyancy module according to another embodiment. At step 1202, a plurality of
cracked pieces of the cracked module are aligned. At step 1204, one or more cavities
are cut out in the aligned cracked pieces for positioning one or more reinforcement
members across one or more crack-lines. At siep 1208, the reinforcement members

20  and a filler material are inserted into said cavities. At step 1208, a laminate is built

across the filled cavities,

Figure 13 is a flow chart 1300 illustrating method of reinforcing an area on a drill riser
buoyancy module. Af step 1302, one or more cavities are cut out in the module for
25 positioning one or more reinforcement members. At step 1304, the reinforcement
members and a filier material are inserted into said cavities. At step 1306, a laminate

is built across the filied cavities.

it will be appreciated by a person skilled in the art that numerous variations and/or
30  modifications may be made to the present invention as shown in the embodiments
without departing from a spirit or scope of the invention as broadly described. The
embodiments are, therefore, to be considered in ali respects to be iliustrative and not

restrictive.



8. A rnethod of reinforcing an area on a drill riser buoyancy module, comprising the 5 steps of:
cutting-out one or more cavities in the module for positioning one or more reinforcement mem

'inserting the reinforcement members and a filler material into said cavities; and 10building a laminate
across the filled cavities. 9. The method accordigg to claim 8, wherein the ardaT&3REA80G0394
structurally weak. 10. The method according to claim 8, wherein the réisfivedrh Sapterahenéidl re
made 150f fias&uiMBreed plastic. 11. The method according to claim 8, wherein the cavities are cut
out up to half-way of a thickness of the module. 2012. The method according to claim 8, wherein the
filler material ¢ oun consisting of resin, Aerosil, talcum powder, and
Microbe:loons P@%@%&%@%@ﬁgwﬁ% %éc;ﬁc almSD SR Igﬁ’??ﬁ%?@%g?ﬁﬁﬁ?@s ane or more
of a group consisting of a choppeql strandmat a woven rovmg layer and a surface veil 25layer. 14. The

~method actording to%ﬁ?@ g
a first woven roving lestisradd
one of more reinforcement membens seross one or more crack-fines;

inserling the reinforcement members and a flier material into said cavities;

arig : .
10 © building & laminaie across the filed cavities,

2. The m@ihgd according o claim 1, wherein the module is severed o seperate ‘
eracked g)iems pricr 1o the alignment s‘t@p.

15 3 The mﬁmd amrdmg o claim 1, wharem the mmfmmmem mamhers gre msd@_ '
of ﬁberg!ass ramfumd p&astxc

4. The mahod accordmg to claim 4, wherein the cavities are out out up to haif-way of
‘& thickness of the moduls.
20 . ‘ _
5. The method according to claim 1, wherein the fller material comprises one or
 more of g'gmup consisting of resin, Asrosil, talcumn powder, and Misroballoons.

8. The method according to ciaim 1, whersin the lamingte wmpe‘ises ong of mors of
28 @ group consisfing of & chopmd siranﬁmai aner 8 Woven mvmg layer. and & surface
. veil {ayar

7. The method amrdmg e claim 1 ‘whereln the lamindte is built as follows:
B a first chapmﬁ strandmat layer:
30 ‘a first woven roving layer above the first chepped strandmat layar,
& sevond chopped strandmat tayer over the first woven roving layer:
a second woven r@viﬁg laver above the second chopped strandmat layer;
@ third chopped strendmat layer over the second woven roving layer:
& third woven foving layer above the tiird chopped strandmat layer;
’ 35 a fourth chgpped strandmat isyer over the third woven roving layer;
a fourth woven mvmg layar above the fouith chopped strandmat layer;
2 fifth chopped stmndmat lsyer over the fourth woven Foving éayer and

Amended Sheet
IPEATALL -



30a 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 layer; a fourth chopped
strandmat layer over the third woven roving layerj .35a fourth woven roving Ia?@ﬁ%@%@ﬂmh
chopped standmat layer, a fifth chopped strandmat layer.over the fourth B&GeNGSiRgRise#i 0 a
surface veil layer ab®seritne fiHayRoped be Sfidrhordey etrshunen digdrSheet IPEA/AU 15 DRILL
RISER BUOYANCY.MODULES ABSTRACT 5A method of repairing a cracked drill riser buoyancy
module and a method of reinforcing an area on a drill riser buoyancy module. The method of repairing
a cracked dril riger D ‘%@%ﬂ@odul%ﬁcg?@ Q%%S@t W%te s of aﬁgénln% a plurality of cracked pieces of
the cracked module. CUtting ot 6na of more cavities 1 the AAGReFEeKSFHIEHES ¥ positioning one

or more r8infd¥& 3?71@ t members across one or 10more crack-lines, inserting the reinforcement

members and a filleFfiRt A fv thaegit je |G atieoeioposs«tle filteel cavities.
reinfomment mambers;
 inserting the reinforcement membars and & filler material into smd cavities;
and
16 bullding a laminate acroes the filled cavities.
8. The method émvﬁ%ﬁg to claim & wherein the area ig &ﬁherem%y structuratly waak.

. 14, The method according to claim 8, whersin ﬁ've reinforcement
i85 of fib

membsrs are mace
resinforoed ptastf.c : S ' TR D ¥

11. The method aemfﬁsﬁg te» claim 8, whemsn the cavities are cut out up te half-way
of & thickness of the module, -

20 2. The me‘thod according to clalm 8, wherein the flller mateﬁél COMPHsSas one or
more of a group consisting of resin, Aerosi, telcum powder, and Microballoons.

13. The method according to claim 8, wherein fhe laminate comprises one or more of
2 group c@nsustmg of & chopped strandmat, & woven mwrig laver and a surface vell
25 laver.

14. The method according fo clidim 8, wherein the laminate is bullt as followe.
a first chopped strandmat lsyer; |
2 first woven roving iayee above the first chopped straﬁamat layer;
30 & second chopped strandmatl layer over the first woven roving layer;
a second woven roving iaver above the second chopped strandmat iéyen
- & third chopped strandmat layer over the secbﬁ& wovsn roving laver,
a third woven roving lmyer above the third chopped stran'dmat tayar;
o & fourth choppad stmndmat layer over the third woven roving aner' -
35 ‘& fourth woven roving fayer above the fourth chopped strandmat taver;
e fifth chopped strandmat sayer over fhe fourth woven roving layer; and
- & surface vell layer above the fifth chopped strandmat layer, o
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DRILL RISER BUOYANCY MODULES

ABSTRACT

A method of repairing a cracked drill riser buoyancy module and a method of
reinforcing an area on a drill riser buoyancy module. The method of repairing a
cracked drill riser buoyancy module comprises the steps of afigning a piurality of
cracked pieces of the cracked moduie, cutting out one or more cavities in the aligned
cracked pieces for positioning one or more reinforcement members across one or
more crack-lines, inseriing the reinforcement members and a filler material into the

cavities and building a laminate across the filied cavities.
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