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This invention relates to pipe sealing and, in particular, but not

exclusively, to an 5apparatus and nethod for sealing a damﬂlmmm, i,
defect or penetration in a subsea pipe, pipeline or the |i mmmmmnd to
the Invention In many industries, pipeslor pipelines_are utilisgg«to
transport fluid over 10 distance. For ex le, in the oil and gas industry
there is a need to transport fluid Rive e@ﬂg t distances, often over largely
I naccessible terrain, in deep water or in other subsea environnents.

In the event of damage to a section of pipe, the inportance of sealing the
pi pe i n orfield efghghventionor nitigate loss of fluid will be readily

under st 0od. 15CAgs [eBtidh reRid<B pifdVeaVes ahdish phitituigr, Bul eR@kelusivélytoan t he
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seal to th&bggggipgybigéﬁr@@m Be. A taper lock grip may optionally be

provi ded often using the sane conpression flanges. As many subsea pipelines
are of relatively large dianeter and transport fluid at 20 high pressure,
repair cl agRskgrbGhd 86 tiklemvbhtiesl above, are typically large and heavy and

I nvol ve materials and manufacturing processes vmhlgé rg}sw t in ili %gi f ircant
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machi ni ng. 988t KHistancermpeon Ve LEeRI i INRPERUPIRalRIPRe 98P ¥RIFT O N LOther

si gni fi cang,dsea@ntirdfments. Fabri cated cl anps invol ve sinpler
manuf act uri ng processes and nay use eaditlh% avai | abl? ter such
I
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| oad and maintaining the rigidity of the clanp. Lar . e
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20 high pressure, repair clamps such as described above, are typically large and heavy

and involve materials and manufacturing processes which result in significant lead
times.

Two traditional construction methods for the manufacture of repair clamps are
ring forging and fabrication. Ring forging requires a very large billet of material which

25 typically requires significant machining. Both the materials sourcing and manufacture
result in a significant lead time.

Fabricated clamps involve simpler manufacturing processes and may use more
readily available materials such as plate and pipe. Nevertheless, fabricating a clamp
involves large structural welds which must be capable of resisting the full separation

30 load and maintaining the rigidity of the clamp. Large structural welds often result in a
degree of distortion and require additional machining and post weld heat treatment
processes to be carried out, such that fabricated clamps will also involve a significaht
lead time.

in addition, due to the inaccessibility of many subsea pipelines, remotely

35 operated vehicles (ROV’s) are required to deploy and operate the clamps. As such,

consideration must be given during the design and manufacture of such clamps in
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“111%1111121121121122112211221121121111 *@Q00002* 2 order that they are
suitable for ROV use. By way of exanple, when converting a split sleeve
clanp for ROV operation, sacrificial bolt tensioners nmay be provided to
operate the bolting, as a result of which a separate mechanismis required
to lock in the bolt pre-tension and per@it the hydraulic supply to be
detached. 5 Sunmary of the Invention According to a first aspect of
t he presenerdentehttieyrare shidatde fas RS ubele Byawayeel XA P pdeatagsversng aselit n
seal ing a gLak cl%n?? f@rpﬁé(/?pléﬁatﬁﬂ”Qédnﬁblggoollateﬁﬁéﬁérg%é%@br@()ﬁe@%‘@b&gtet Y
engage a pl pe; rs second retal ning nenbers configured for |ocation
about the thedidlting, gebiesnie of whigh a separalg meehanise ifeipgried By losk duthenkplt he
first and LR & alcT) & dhehai n seal i ng engagenent
bet ween th@%ggg ?ﬁgﬁﬁgﬁgﬂgﬁgﬁgm% ﬁhlﬂgﬁée eEa retaining mnenber may
conprﬁse at | east one plate, and in particular 15enbodi nents each retaining
menber .qug ty of pl ates. In use, the sealing

menbr ane Mg 'gg;g[t)ﬁeeﬁl‘)#hﬂb ocation about the outer surface of a section
of a pipe, for Ascoiging ta adisteaseactsddbe aresent ipventionr therpis mevdeda skaliitng a
defect or ihG aaipy, Mk SRTHPRUS cHRPridisg;Posi tioned around the
seal i ng mﬁ@ﬁ%&ﬂ’uet@rgﬁg ";rg%i Ing ?deFFgatl onshi p tg egghﬁ%t her. The sealing

menbr ane may 202 s@@hr@dnemgwe@da@tedé@eega%@ gipe] oads applied to the sealing
nenbrgne, or CHAMBNE LEA [Rafihg’ rﬂémsgmo@ﬁ.gueée {bPlge8ford8BSIHE deBling
expansi on and contraction o tai ni ng nenbers may be

conf i gur edmembrang; endr adi al | oads appl ied to the sealing nenbrane which may
otherw se resul I ek B8sicP§ éﬁﬁ\g'tﬁ'&fﬁ %ﬁ&séédﬁdb@faw EhBereBbbthe

menbr ane and th%cgggéh S E 3 gn a paréfus according to mnboglne%ts %f t he
present i niceietdinpeating eegasﬁm@“é beawegnihe gestivaivessbrepaangtheatiPe to provi de a
| oad resisting Ffaéw%ﬂa @ e?ﬁbér%&;a%mpﬁs@fatﬂ'@éé’t‘t&ienblﬁﬂa sl inPaiBgagenent
bet ween the seal i ng nenbrane and the pipe but which does not require

st r udur al embpdimegis epchietaing MARbaeRBY apBPrigee slumlingpiplateead tines in
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to traditional arrangenments. In sone enbodi nents, the retaining
menber s na?UflﬁQS?es@(ﬁﬁ%?ﬂOﬂ of BHRipes doNl oAy AslaaiRg el sestialee RiReren PiPesesHoms a
smal | sti tﬂQVlH‘EE%e@éct bPBehdttion HQW@V’@tram|ﬁd‘ﬁeﬁfb%?é‘ﬂ@?%@tpoémgnwﬂ%ﬁé'@ﬁé on of
enbodi nents of " the present 1nvention may nean he securenent or weld
may be of &edliepansrgpe.dapposingelaliRnelP foeachiberydiersaainamemgranedhar

requigjge adgéfcb 'red*facres.eﬂ Ja&lwadt;%abne%ﬁbrtﬁ@sémb RErASEAS 88r &x@niifle AL ed
out, signi |ca reducing lead tinme. In addition, as the securenent or

wel d does ﬁb‘ﬂ/ohé@dpﬁeés'sﬁaﬁﬁé??( genesater fydexpapsies @ng ioptjaction:qf die \iper hehe
retaining members may be configured to resist radial loads applied to the sealing

membrane which may otherwise result in the loss of sealing integrity between the
sealing membrane and the pipe.
25 Thus, an apparatus according to embodiments of the present invention may
| comprise retaining members configurable to provide a load resisting structure which is
capable of maintaining sealing engagement between the sealing membrane and the
pipe but which does not require structural welding to the sealing membrane.
Accordingly, lead times in manufacture of the apparatus may be significantly reduced in
30 comparison to traditional clamp arrangements. - In some embodiments, the retaining
members may be secured to the sealing membrane by a securement, such as a small
stitch weld or the like. However, the arrangement and construction of embodiments of
the present invention may mean that the securement or weld may be of a relatively
small size which does not generate distortion or require additional machining or heat
35 treatment processes to be carried out, significantly reducing lead time. In addition, as

the securement or weld does not need to support high loads, these being carried by the



"3 retaining nenbers, securenent may be provided rapidly, further reducing
|l ead tinme. The sealing nenbrane may be of any suitable construction.

In particular enbodi ments, the sealing nenbrane nay conprise a split collar
having first and second seal i ng nenbrane portions. In use, the sealing
menbr ane 5portions may be provi ded abouB the pipe in opposing relationship
to each other. The sealing nenbrane may be of any suitable shape to
facilitat eretaigingenemberai secureraeri pay begrrodsegraridly.f fgrthes feduring leadotige.
section pipe, tige §@élin§@ﬂerﬂ@r§ﬁé%?Maﬁ?@ﬁéb‘f&c@nsﬁﬂbﬁ&n cyl i nder having
hem -cyl i ndrical seall nmbrane”portions provision of a split collar
arrangenent facln p@ra@tégr eobedimentsothe sraligg ANgMigrang naye pRITRIIRE %uspﬁrg@"ar

| ocation a I e he
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alloy or the like. In her enbodinents, t he seal ing nmenbrané nay
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respect to a 20 longrtudinal aXis of "the sealing nenbrane, may al so
be the Ion@@?@ﬂpﬁéPtaX|s of the pipe. Beneficially, a transverse plate
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provides for efficient transfer of forces fromthe pipe to the plates Each
pl ate may fBeilitasipgespaling ge02genernt ddth {heepigage i some ﬁ@b§€'§lqnﬁﬁg themsalinge. 25
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nmenber maycha r@eda&Yaﬁ’yubhl?aml& n’fé?éﬁ?lorlncﬁd?ﬁéJé%Cémg&lments the bﬂte%ofﬁ%y be
enbodi nent s, closure and pre-tension in the axial split line my b

provi ded byrargadsin Eoyubsiantiallvetransyversel o5 pewengiswar diagtiasowish |r§@6t§"hé° & nore
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receive one or. a pluralit olts for securing the retaining nenbers
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bolt tensi oner locally or renotely operated. Al'ternatively, or

addi ti onal thg, PlatRe cl osure menber may conprise a tenS| on nmenber. The tension

menber may, for ggxaplleemaf BERGHRA B @rd.r@enﬁerwa\getw.wtné@Qé\%%erhsfane
| ocati on between the plates of the retaining The, or "each, tension
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conf i gur abljghension, for example a radius, corresponding to an outer dimension, such as outside
radius, of the sealing membrane. In use, internal pressure forces acting on the sealing
membrane may thus be transferred directly to the plates. Accordingly, the closure

member alone may be used to secure the plates to the sealing membrane.

30 The closure member may be of any suitable form or construction.

In some embodiments, closure and pre-tension in the axial split line may be
provided by bolts. For example, the closure member may comprise one or more flange
secured to each of the retaining members, each flange configured to receive one or a
plurality of bolts for securing the retaining members together. In use, the bolts may be
35 configured for manual tightening. Alternatively, the bolts may be configurable so as to

be tightened using a bolt tensioner, locally or remotely operated.



"5t 0 ‘engage the other of the retaining nenbers to secure the retaining
menbers together. In a preferred enbodi nent, the tension nenbers may be
square or rectangular in section. Beneficially, the use of square or
rectangul ar section tension nenbers provides for maxinumtensile area
adj acent to an interface or split line between the 10seal i ng nenbrane

portions. The apparatus may further conprise e interface aryangenent
provi ded bet V\/ee‘}dteﬂl’lﬁtlvgla‘alor rﬁj’dﬁ@ﬁﬁ'fYaﬁBeaﬂ%SW%é“ﬁﬁB MR CPTHES ﬁtt@P?g
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two seal s prayidady bha r&é%‘éﬁ?m%ﬁ@dﬁ@%n%? ’dh@%t&lﬂfﬁgﬁﬁ@mh@ﬂs%dmﬁglhablé'he
seal s may conprlse o-rings seals, although d-seals, per t.ube, [a hite,
or other stoiengsge B’@apﬁlekmﬁv@het@tat"ﬁég PBPEBRrS sl FeRIe| tH tREAIYRY 'Pr‘??[ﬁ used

where appry The seal s may conprise conpression seal
seal s and gg‘%he i k Sentin m™ ea’s, grout IIIOS

e. Wiile conventional seals nerally wo
where a pre- tenlsnaawefegfqﬂrmb%ﬂemtothﬁé?@ﬁ'% Wembg&%@gge,sgggreéweq ﬂ’égv‘\@aéal s,
there remghng QI’? BOSstichi,| thg @e brakade dragtiahbelas eattnatension aaemnbersf
bendi ng noments between the internal pressure seBaratmﬂttl 0a 8%&‘? tpe bol t

pre-t ensi oprovidep fes-masmunpisnale prageadintest fuaR lpHatRahamlt g g

partL‘ﬁuI ar Se BértibMe present invention may further conprise a ste
out board of eagﬂ-l sea% V\E(l;c'h corresponds to an op ing ste onrr?he ng P
face. In use, ihhe Pt Mgy TuRhR{ GAMRIISEo? PiRfe rﬁ"d’? Cﬁgarf@@ggen{ REVISE,

will remai f.1GRgRURAse NG MRbraRs Bhd tHetipd.Nehé pRpEiintedace arrangement may be
of any suitable form for providing sealing engégement between the sealing membrane
and the pipe.

15 The pipe interface arrangement may comprise an axial face seal. The axial
face seal may comprise one or two seals provided in grooves with the mating surface
being smooth. The seals may comprise o-rings seals, although d-seals, copper tube,
graphite, or other suitable seals known to the person skilled in the art may be used
where appropriate. The seals may comprise compression seals, grout, lips seals and

20 the like.

While conventional seals may generally work well where a pre-tension is
provided to maintain closure across all the seals, there remains the possibility of
_leakage past the seals as a result of bending moments between the internal pressure
separation load and the bolt pre-tension or pre-load.

25 The pipe interface arrangement according to particular embodiments of the
present invention may further comprise a step outboard of each seal which
corresponds to an opposing step on the mating face. In use, in the event of separation
of the mating faces, the steps will remain engaged, thereby permitting the required
extrusion gap to be maintained while preventing leakage past the seals.

30 In preferred embodiments, the pipe interface arrangement comprises inboard
and outboard seal elements adapted for location between the sealing membrane and
the pipe wall. The seal elements may be of any suitable form or construction. The seal
elements may, for example, comprise elastomeric seal elements or compression seals.

The pipe interface arrangement may further comprise a lock adapted for

35 location between the seal element and the pipe, the lock configured to retain the

sealing membrane relative the pipe and to maintain sealing pressure on the seals of



“extrusion gap to be maintained while preventing | eakage past the seals.
30l n preferred enbodi nents, the pipe interface arrangenent conprises

i nboard and outboard seal elenents adapted for |ocation between the sealing
menbrane and the pipe wall. The seal elenents may be of any suitable form
or construction. The seal elenents may, for exanpl e, conprise elastoneric
seal elenents or conpression seals. The Be i nterface arrangenent nay

further cohpminssinteriace Rrraceamet fTHe ook BewPe ohanesyieble fofR °§éa’l‘5t%‘lcg‘i’fbnt and
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required w conventional arrangenments and are therefore particularly

advant ageoadvantagsqussinsuleen dsaiments. It has been di scovered that one
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el astoneric sea
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recover fu esul ting pat fluid. e interface

ar r angenenYVhgpdlos tﬁ"?ﬂ?fqtéreda\ﬁ/?rs(ﬁgla&‘r h@%% tﬁ%ﬁ?%' ey ‘Ecﬁéecpﬂ”@gé‘ Y '§sHUBR A on

may furthe{eaﬁgmrfblsm“@ resilient menber adapted for |ocation 15 between

t he seal e nts. In use, the resilient menber is adapted to rralﬂft%n a
The

| oad force on tTHbe girg @tﬁﬁﬁcleearmi ﬁﬁcqréﬁﬁetPa?W%"?rnﬂ’BE%IméQﬁa

resilient pREDG iMTBMGHOWRY ARtHer SdUrﬂd?igeeé eraeunéntpm@mbde%dagteaem Rcatnl
annul us ring, which location of the spring elenment in the annul usggo et ween

the 98al ebeiwenp shesealelomantat Inj Ltsec@ﬁ rﬁﬂl'%ﬁier‘i‘%l'sa?@teq rmar & om
pi peli ne pfpduch ﬁ\@déé'ér is %ﬁé\ﬁde%nttudwtéﬂﬁ;%ratqmiﬁ\d&@ed xRN, | rlshtean‘ésmémon

annulus test 1s conplete, the void may filled wth inpert fluid
protect t hBembsy mayrRomasiss & spring elementﬂﬁ%w%aﬁip%t%% apge YIS 'g: Y ich

plurality Q)fcaﬁBrP@f th86BhilPOEmBAT iANKLHRAUISS bdtREert iR ERaPelbMeatsathsales teatpect | ve
ends of the seal ing nenbrane, thereby providing an )sol at ed req-I on_around
t

the pipe. o@nbesert fjated. for eramRE frogs pigelinegrrod aﬁf*@éé?l"i‘w‘?tﬁ'ire'ﬁ S6n°M%Fere is

pr OV'ded aa%rﬂ@%s@illaﬁ@r@hhﬁlﬂu@té&! RecorhplBteMBie\d GRIYIHd Flie@daith inert fluid to
provi ding a sealing nenbrane and engagi ng the sealing nmenbrane with a pipe
to be seal egptect the resilient member.

The apparatus may comprise a plurality of pipe interface arrangements, for
example located at respective ends of the sealing membrane, thereby providing an
isolated region around the pipe.

25 According to a further aspect of the present invention there is provided a
method of sealing a pipe, the method comprising:

providing a sealing membrane and engaging the sealing membrane with a pipe
to be sealed;

locating first and second retaining members about the sealing membrane; and

30 providing a closure member for securing the first and second retaining
members together to retain sealing engagement between the sealing membrane and
the pipe. »

Each retaining member may comprise at least one plate, and in particular
embodiments each retaining member may comprise a plurality of plates.

35 According to a further aspect of the present invention there is provided a

method of manufacturing a sealing apparatus, comprising:



“locdting first and second retaining nmenbers about the sealing nenbrane; and
30 providing a closure nenber for securing the first and second retaining
nmenbers together to retain sealing engagenent between the sealing nmenbrane
and the pi pe. Each retaining nmenber nmay conprise at |east one plate,
and in particul ar enbodi ments each retafning nenber may conprise a
plurality of plates. 35According to a further aspect of the present

i nvention t her eprpyding @/sadeng @f'eﬁg’d'émﬁd of manufacturing a sealing apparatus,
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smenbers toget hbyikfg! 8! Bolurseleniier CRESURR HE! Nk Sodshal ré1ginmgbr ane
and the pi pe. retai ning nmenber y conprise at |east one pI ate,
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plurality éﬁ; tes. Further aspects of the present invention are set forth
in the indep ent clains. 10 Further features are described in the
dependent cl ai nEadferg@ainingt MembEr dN3ye COMBETSs BhRpst 1aE RIRE: @BLtI0rRAIGHAT ned

above in a&rﬁeﬁ(ﬂﬁ@ﬁ é@cﬁ'?et@ﬂ)ﬁg%@rﬁﬁér by tdRprieasSHDfalilybf pRitdéON By be _
utilised, eit one or in conbination with any other defi ng%}tf ature, in
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embodi ment %& Heh&mQé@Se%Er BIBHE Rk P BomBRBICH WRh 2| Dtrer RRYAGE tdate, i ey of a
seal i ng appafatus according to an alternative enbodi ment of the present

i nvent i on, obRb@sPSCchofdhe ByeRtiqiosi ti on; Figure 3 is a perspective view
of the apparatus of Figure 2, shown in a closed position; and

Figure 4 is a diagrammatic sectional view of a pipe interface arrangenent
25acdér di nBriebDascriptiiiofheDrawingde present inventi on.

These and other aspects of the present invention will now be described, by way
of example, with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a sealing apparatus according to an
embodiment of the present invention;

20 Figure 2 is a perspective view of a sealing apparatus according to an alternative

embodiment of the present invention, shown in an open position;

Figure 3 is a perspective view of the apparatus of Figure 2, shown in a closed
position; and

Figure 4 is a diagrammatic sectional view of a pipe interface arrangement

25 according to an embodiment of the present invention.

Detailed Description
Figure 1 shows a perspective view of a sealing apparatus according to an
embodiment of the present invention. In the embodiment shown, the apparatus takes
30 the form of a subsea repair clamp 10. The clamp 10 comprises a sealing membrane in
the form of a collar or membrane 12 having first and second hemi-cylindrical portions
14,16. It is envisaged that the membrane portions 14,16 may be formed from a single
section of pipe which has been spiit or otherwise cut to form the portions 14,16,
although any suitable methods of construction or manufacture may be employed.
35 First and second retaining members 18,20 are provided in opposing relationship

to each other about the membrane 12, each of the retaining members 18, 20 having a



"Det dil ed Description Figure 1 shows a perspective view of a sealing
appar atus according to an enbodi nent of the present invention. In the
enbodi ment shown, the apparatus takes 30 the form of a subsea repair clanp
10. The clanp 10 conprises a sealing nmenbrane in the formof a collar or
menbrane 12 having first and second hen¥-cylindrical portions 14,16. It is
envi saged that the nenbrane portions 14,16 nay be fornmed froma single
section of nynper whiaxkliyizspased plates i 22,024 carFrigRAsaenaieliy (tfaf‘%\ferﬁqlhéopg‘ﬁtl ons

14,16, al t|§§§ﬂja.rﬁa%x upf & ?es?fgmed&eﬁfmw%maﬁ&lﬂwr IR  afbotimemay be

enployed Irst an second tai ni ng nmenbers 18,20 are provided in

opposi ng r#aatn, dhehfiret teodesraengt rekdiniagonembRE A8niPPapachifavedlie sPagede
retaining fr@r{g\)/g s%)fr'l'ﬁes 39 pI%WeO& ﬁwﬂ?%é‘lﬁé@@ﬁls&i tra A h¥mBEaGShted Ala§De22, 24
arranged generally transversely to t | ohgi tudi nal” axis of the respectl ve
menbr &ne pesead asRPPIRTEE. | n the enbodi nent shown, the first and second
retaining ”Enbegé%e%lat@%z%% BRXRick! W@h $PRERHcHAAISURIHE 28! PBeRaiRy a

However, it wl recogni sed that any nunber of plates may be 5used as
appr opr i at giameter corgspondite a2 ogtgr idiameter ofl dbe VipsAeChves SHMRIRRE (KON

cut-out 2644148 h@vé@gh@c&'&ﬁ@fa%ﬁlta(?@%m BEtwieRn 3He eaﬁs%ré@ gamsen af the
respective rrenbrane portion 14, . Inuse, the cut-outs facilitate
engagenent a%th%é@ﬁﬂeﬁwetWQWQYPé\eﬁﬂtﬂnét"éstZ 24 and their respective
menbrigne porti oRs k4 @W Fﬂg%ﬁéﬁmvmad '%s'aogé!&éhdl eﬁéaanfyfééa&ﬁﬁc@ﬂyea&@&d

generally per pendi cu across the upper surface of ‘each transverse plate
22 (that i the unper swrfafca@éea@rctrwgevaw&;plateB%WWHEISn@RWHﬁ@e fpsingiayeyfiom ths

secure the |2 &8 @& r"eolﬁgtthﬁs dr8e Tt haohbthet 1d Rl thenfisimeber
18 of the rT-\tearrp 10 55@?%1 2? ; u ang\és %Jﬂextendogener ally ®

per pendi cuf@i@lhvgaWM@Hétheoﬁl@ﬂM% surface of each transverse plate 24
(that is, the Ss[ A0g. | w&tnagg&w@x i 5&¢ermé.§eﬁd.9@5my @Brok6)thk Qowércur e

the transverse plate together to formthe second retal ni ng menber 20 of
t he diBanp. surface of each t@a:@herée plate ?ﬂa@@és'%@%@“ﬁﬁ% I ey BPMpdites 32

adapt ed tom’) ‘?r?b%ﬁfeep&féibﬁ %ef{&ogecﬁmwe)tratn@v&g@mtéshﬁ fRjetHeh it rmERBaESorkS, 20

t oget her about the nbrane 12, forma cl osure arrangerrent for the
cl anp 10. retaining W@fraor@thﬁ)ﬁ?lﬁmé Fl gures 2 and 3, there is shown

perspective vie cI’?Bf ﬁ"nesf%"f\P% 9 %@W\%Q@ra%mﬂe? o? Bsrefs(erBd%fpte?HQSr%@eN@B@IH
cl anp 38 aCCOr 1 ng t o another enbodi nent of resent | nventi on. gure

2 shows thénQ’élshWn)SfB qlamp theofsainipe srambsis aﬁdﬂr‘-m@ her 3bgudhe ”%eri@zbréP%ﬂﬁ 38 in
a cloged pgsytdiy clgéﬁé ahan&?ﬁerft'férstﬁe gBhpdigrent, the clanmp 38 conprises a

sealing nenbrane 1n the tormof a nenbrane 40 having first and _second
heni - cyl i ndr i caRefasting aow tpbiguiesRsangh3. 4aere i shawi PRISPRGINR Viewsof 25egling

provided i %g Qﬁ’:%' Fﬂghé gdrﬁiéf%EQéapretpglr%Pa‘Fﬁb 98, NREoRMUDb dnbthefBMBbaRRNEE; each

r et ai ni ng 6, havi ng a nunber of spaced pl ates 50, 52 arran%ed
general |y th&aﬁ%@?’ﬁs@@y‘“@@ Rigughgishaws e C'QBE‘P5380'F %”h‘%ﬂqn FP‘@ﬁB@c?ﬂd\FégurS

menbr ane peﬁ&wme%rﬁ&ssﬁﬁ&ao&é@a@s\ﬁﬁfnse plate 50, 52 is provided with a
sem -circular cut-out 54,56 having a dianeter corresponding to the outer

di anéer of t he Asendiedlitet erabedimants thesdlamp 38 comprippa sgaling HemBrangdn the
facilitates8pos08 HHhbraRs %%v‘r@eﬁ%f antP ¥&éor rﬁﬂnﬁt&yﬁncﬁﬁaﬁ%eﬁ{b%r{é“%dlons

respective nenbrane portions In the enbadi nent shown in
Fi gures 2 4Rd43, Reisining ﬁﬁ‘@”\b@ffséé 63 AfeBroygledfin pReosing fefationship & ARFLOHENber

46 are eachyphonk IechMiahb doVeaBPt&8ineS: mERbet B8 48 ASNAPA Rimber of spaced
plates 50,52 arranged generally transversely to a longitudinal axis of their respective
30 membrane portion 42,44. Each transverse plate 50, 52 is provided with a semi-circular
cut-out 54,56 having a diameter corresponding to the outer diameter of the membrane
portion 42,44. In use, the cut-outs 54,56 facilitate engagement between the transverse
plates 50,52 and their respective membrane portions 42,44.
In the embodiment shown in Figures 2 and 3, the transverse plates 50 of the
35 first retaining member 46 are each provided with two bores 58, 60, the function of

which will be described below.



“which will be described below. 8 Pivot arnms 62,64 are provided on
the first retai ning nenber 46, each pivot arm 62,64 | ocated between a pair
of the spaced transverse plates 50. The transverse plates 50,52 and
the pivot arns 62,64 are rectangular in section where the separation | oad
path is applied. The rectangular sectiod neatly fills the 5 avail abl e space
bet ween the transverse plates 50,52 and so optim ses the | oad bearing area,
this conparing Rivetreresragffbatecarevidgd em thesfirst ietaining memheadBt @Ch RVt EMgap
bet ween t equi pnent .

Each of t@%‘#\@% g%@&éﬁ%{sﬁgﬂwtﬁé oretiaﬁg\t/&g%\g\r?nﬁgsc?f t he upper end which
facilitates insEre iramvglfsewlatﬁﬁé@ﬁsland@@ﬁ PIMPIATES 6204 IErestan@itidi i SAgioRember
g0 when LOALLAAESe %Eﬁoﬁh%d PSR! dntfieBO %o RSl debfort hasRy Aissdep! at es

e recogni se one e pin 66 i s provided to secure the
p. vot 5ar msa\Gfiable spaee b&tWﬁéwﬁtestéaf]@V%{ﬁ@sﬁ’ ates Shpd BRG BO ﬁpfﬁg@%ﬂw legbPedfgwn) i s
provi ded t e I W@t nftePoathe betw
The di st al Qrgﬁdﬁﬁ&e '”gﬁ’%ﬁ@ @ g@G%ﬂ&m?iggllng%agﬁ\g\% de((aj W t h%gpbgr eee?4
t hr ough 15thetplates amChtjl@ requieEgItaios npigerLe #AVIRETSRE-t t i ng synchronous novenent
of each of the Eéé’ff&f PeFv arRl G284 Rab4 bore (not sh0\|vﬁ) HS@e dpper Bhd9Midpi Ns 66

provi de operational pinions permiting the arms 62,64 to pivot relative to
t he ret ai nfamytarh@rrﬁ@prt% OfTﬁiléWer\/ém 66 riaroggh dhe firsturetaining reembes 46 eVhelout

one qf the, |§§Jn@9ﬁ%m\ r{%@@%&u@@%@é’s aafd0’ 8 HE TRV tHiRBs 6. of it te srecond

20 retainin Ivot arns 64 are able to rotate about the

ot her of t tesognisgsk ﬂpﬁtrﬁﬂ%Ban@ Rim@Sgis erovidedria saseEs hepBivet sFmy G20 thee
second ret ﬁéﬁgv@%e”ﬁg?grSOA'SAnétﬂert Itﬁhge WRY (not l@ﬁo%)vlgtpr@\ﬂdi@d f2s&chird Bepivbe

cl osure arrangenent for the cl hown nost clearly in
Figure 2, emm%tqtbﬁtr@e%\wé“eﬁwpmﬁé pi vot arns 62 64 and the | ower retaining
nember 48 i's | NThE Qiste el F ectt ﬁQ@FarW@ G4||§§Il§o B?owd-gﬂamhpé?lﬁo?ezmzﬁwré@fﬁs t he

formof a boss portion provided on the distal end of each i vot arns
62, 645and wb@b hinge pirscTRaedasatedpermiing S(Yf‘CfH‘)@‘PLi%HPV%?@TtQ ??Fhaofttagew%edge
to mnlms S%&S aforce required to apply closure pre-tension to the
clanp 38. oad could be applied with bolting fromthe sides of the

pl ates 50, 52 or Ireygee theahinge Esﬂszﬁ@ rRERYide AReratiend! YIRS PETMEIRY SAMSIRARS . 1 n

some enbod d@%tsrelai !7l=,‘5'tot tﬂ@?étahmgehé%ﬁr 36 TRY pRet aRe6N 8k Wus BbR tBirgtate

friction or tress pro such that the closure wll be self
| ocki ng. Aeb@rtd@negpﬁ/themég@ W%é@lt@ﬁ?sﬁge for High recesg Radtion; A of thagnseqond d

only Jae reqy lfﬁg rﬁ&n@ér% dﬁ1e3p|\9'c9%P{hé‘%a'aY@aE)I@rt&ﬂ)tatfe%o@?(tﬁﬁmrﬁer\&f fHé rﬁnge
hydraul i c cy pi vot the arns

recogni sedpinsdb to mgggmﬁeé@mq/re@ﬁsez Hﬁ)@mm?@ %M%?ﬁ@aﬁﬁﬁt@w& "(‘93?‘8?5165 nd' 350r

tensi oni ngholbs RE bRbBarstd &4 ©AR the A5Surd Aftahddremay tnga,ampreaoar ticular in
the subsea environnment which requires the use of renotely qperated

equi pnent such 4§ skowngmostelgatlydadiigyrer?. coRRectian bepuesant therRivr! Al@s %G

engage the, %Hmm?a?r ﬂe%.ﬁ.ﬁgmé%&bhg |@|ﬂ%éfbﬂ‘ﬁ4ﬂab§pér@véd§§%ckln qmtms@@nto
convent|ona sacrificial Trechani sns. ring to Fi ure , there is

showR5a di &iearthafare o bpemeertion @WV&edePrp'ihﬁed'$tﬁlt afceachq dh@@%h?r% f or
securing agd ggeghd e i mhggcalsmhfdg%abﬂ ¥ dlighl aARleSnNEhvetNRedgd td 0 a

pi pe 84 in accordance with an enbodi ment of the present |nvent| O%h Ithough
the arrang#Heinisertie pxtpreal (RIFE Jeared &eaprly Floswe preRpsigndo e fipmp &

menbr ane 1%@%% beagpiigd Wit hofing i RSN tHOpaiavey, sofd:@sthatsy By and 3.
Only one en nenb 82 ure. However it will be

rane i's shown in the
r ecogni sed exiesmal aiieﬁl@vmgbﬁﬁmiedQOt Aty Packe m%ﬁg&%menﬁ%&h@@w@'EHP% ded
at t l‘gb ot h‘?r'iaye&ﬂmgf:hlﬁ&?wnh a high friction or buttress tooth profile such that the closure will
be self locking. Accordingly, where a deployment frame is used, the frame would only
be required to provide a compressive force, for example with a hydraulic cylinder, to

pivot the arms 62,64.
It will be recognised that the simplicity of this mechanism compared to torquing

35 or tensioning bolts offers significant cost and time savings, in particular in the subsea

environment which requires the use of remotely operated equipment such as ROV's.



“10nenbrane 82 so as to provide an isolated, seal ed regi on about the pipe
84. The pipe interface arrangenent 78 conprises inboard and out board
taper | ocks 86,88 with seal assenblies 90,92 positioned there between. In
use, the inboard |l ock 86 (towards the clanp centre) grips the pipe 84 and
prevents novenment of the pipe 84 towardd the centre of the clanp 80 (left
as shown in Figure 4). The inboard | ock 86 15thus prevents the pipe 84 from
failing i rineddiioesbse depopmentdrare usedigemmge the clamp 38 isHESOCRIYARRRP, the
| ock bowl 94 of f9L3hedHanishis, menbr ane 82 and, in
use, the |°r?80b§rr8 ngglﬁggﬁﬁrr%ﬁkoog®gégtr'den% %érgge% do(\a/vn tnhe conical ranp 98 to
contact the pi ﬂ%efemmg'[h@gmeé diere heeshqmardyagr@r@ma%@ﬁ@mn@ JewWiR{I RiRGe a
tooth prof; R Reaffh Alaidis sonssedimaty bhaam

bet ween. tgﬁf" %rré&&p%@ﬁﬁsfdégegu“beﬁ gﬁ‘feb act on(h)'& pl‘géfl I eﬂyloz forP

gri ppsng trhembeamp 828to a pipe 84 uTh@coodart@@amtﬂ ambcsmﬁ@isofﬁh%prﬁa%ﬂ@@n%w 104
e s PEhioldh WA RRBBILR b1 AGY Idlah vbhecort bRl sbaifk G

preventlnga romexiting . In use; the out 8 d Iock
segnent s Jjﬁémamef@r&t@wndmﬁmumé OCBTﬂ f@ambfaaﬁrﬂol%@wt”d" Eiskraxt apgé- B

As with th (ﬁéf tbc% ﬁ%lngaqirlé 88 sbé?'{?ﬁln% thdgupeit RBREGerl Okl b§&€€6§hﬁ§%d35éi06

has/ have a beds into the pipe 84 at the |n} rface
t here bet mearreéﬁwdllngomeéegi@ﬂameﬁmtm alpe perygwded ?bg'leh"tb?ro?”q g 1e2 for

]glrlxggbng thEm 8]205% sto rovid EQ%@JH BSed Pébq@fébdlﬁ)ﬂ'lé heBa92 is shown as

hydr au |c oper P eou al'ternativel | ow t he outboard | qck bova
104 to be fi xemh@m@amtmartamﬁmnt@§%pr¢ﬁﬁsu%bqaﬁ%?n@ RutboaId faperat

the ! 0cks 88a8%hSehl 58dlmifigs b63h dRABACORRAL Behibohy RARE, HedRBME 5K “on

bot h | ock Ségnen n a nmanner to further energise their SI‘I p,, Thus,
once the | 8% kews®isaise armpaentrolharing, the pipg &dandoieyes srvameniRlthePPe 4 onal

axial rest{galie thguéenﬁla%? HERLERR &b B g@@ ak ARBwA N tmr&qwmésmwar@mk 86

thereby narntaining seal pressure. his restraint is fixed a
i ndegéndenthusfrevieatsdbe Qmpl%rfr%‘yéﬁ"@@%ﬁ@'@teﬁ@oﬂm@ the cleg B ener gi sed.

This offers t helrp@ e@%bé‘tjhmfeﬂ{ tmgﬂ' ﬁ‘Lﬂd\Aﬁ o o?ttﬁé‘%ﬂo%rd)ﬁ)cld%dlsflﬁtégral(ib griting
the seal s and | ocks where raul ic pressure can be renoved and

di sconnect meémbirareod? ahdss use. @@t'ﬂ%ﬁqr@ﬂpq‘ﬁﬂmﬁtst%a@ef&f%equ @E@”'C?he

co ressiv r t nst a a |
npfl o ) &5& o &%tﬁglbgfg HA%l { i l“ tlén t ool whi ﬁﬁlpag
4 &g R e é | 90,

require hymOﬁubnwlemoé)c\M*mﬁbe@@@%wto Breties it @y thediterfgce Hiere 85iwesss

92, cnpr eS8l rﬂéht?@ﬁ djakdb R alt%@tr?ﬁrféfneﬁgzwegd.p%?qrhb A @ai al |y conpr essed
by appl yi ng—axra a conpression q{:ljp\‘? | oad, noves

8.. This a
a conpressi on riThe outhard losk 88t kas thiettapensd Jp4ndgh tepers &\ﬁ?d@pﬁs'?econd
conpr st 0Rirbf 1At ML IrBLAY 1864 B ! f18vEfRgNHG pRRI 84LfHm dithgake alamp

COI’TpI’eSSI on causing t he radi a expansit on due to mai nt enance of g?%
n

vol unme 10080t He usedhe outbearhlgck segmerys (1AG aff EPéced( 111?"%” hegronycal smmeR 42
gener ati ng 8.1563he 33 S5 AL DftnRh@FirsBfock 86, the bore of the outboard lock segments

25 106 has/have a tooth profile 110 which beds into the pipe 84 at the interface there
between. The lock segments 106 may also have a tooth profile 112 for gripping the
ramp 108.

Although the inboard lock bowl 92 is shown as fixed, hydraulic operation could
alternatively allow the outboard lock bowl 104 to be fixed.

30 One benefit of this system is that the volume between the locks 86,88 is fixed,
so that loads generated by seal pressure act on both lock segments 96,106 in a
manner to further energise their grip. Thus, once the locks 86,88 are activated, they
not only provide dual directional axial restraint, but also maintain the load on the
compression seal, thereby maintaining seal pressure.

35 This restraint is fixed and independent of the actuation system once the locks

86,88 are energised. This offers the potential for hydraulic pistons to be used for



“The 'seal s 114, 116 are separated by a spring assenbly 124, although where

el astoneric seals are used within [imted tenperature range, this can be a
single plate with the conpression | oad bei ng naintai ned by the el astoneric
properties of the seal. 15 If non el astoneric seals are used, for exanple,
graphite or PTFE seals, the spring assdfbly 124 will maintain a conpression
| oad on the seals 114, 116 for the life of the clanp 82. The sprin asenbly
124 will alettingatieoseaaaand daokst where el bv&%raelwaﬁg%ssaﬁ?e%% hee ferapvRA AR
fluctuati Ocﬁsc?gngctéé’WltHQTtQ§§65‘ibééfué]tl%ﬂ IGSTBR 'tl’%%eélé"@nd Id&l§ i’h’@ caﬁh@rébgﬁew th

one or nore ement s separ at i ng ﬁ nmbodi ment
shown, t he‘osvprnenglr@ é?réﬁ‘t the1looks aRshse3lE %'%?Faf%’f’eﬁ)ﬁf}c@ 'lﬁ(?i“Pm?& '%69 Wi th

counter bq éx?{ra@’lnéth?ath%&&hfcﬂrwdlmaét'reauurea%ydmelaus'cbnrvédlbn be recogni sed

t hat any sui I'e”spring el ement such as conpression spri nq Spri nq
washebs, gas Sp‘RﬂEfﬁng nowd toc bepReak sesemtllias O8nBe. GANPTBESIQN: Beflpldf @nd 116

appr opr i ate?re p}é\‘ﬁdé/qowéﬁ 1€ 1a 9‘ dohfpreial %ylélp%ly%ﬁﬁaﬂélf 858 v 5 RahprbskRA!

boundary f anp asse whi ch can be 'f g_h%t fluid after
the clanp fa_nges11§s§bmxaﬂlqeérmwe§§e¢wmrewrbmn&h@ %ﬁ?PP'ﬁbe VikBR fisst $8

[0 USe:  ONEy PlEdReabSachirboltPedich GUPISD Sedoaldioumyiisarioind sed 128, e set .
oC

The out board r| ven axi corrpre this

ssion flan
axi al v eaviaitcothprassiog qay@lngéfe@r?ém* §Xléﬁit$t96‘aﬁ% tp dhaMabERANES ogﬁ?ﬂ}?ﬁ’ e hwar d
to gnphp the g e&@%ﬁ%gwmgwasg ,thishhdiaCétiRcfoh GerRyaitgs s aphipst 84
fromexiting any outward axial | oad being converted to
radi al fortt\@ plpﬁh$43 radl al force further energises the grip of the |ocks

86,88 to the pipg §éa|s'°t1br?‘l‘1@ré?g ba%fted B%% §&§1§ré§38ﬁ1b|y5124”l@thbm where
conpression ring 1s axially retained

conpr essi oelastomgric 3galp &r %QS%FIJW%F‘ﬂ'@ﬁeﬁﬁemm@‘é’fﬂrqr@@kt%caéh%e %5’5‘(9%‘?'@?& on
ring 120 bgj tl{i}&neﬁ&ﬁ?ﬂ&%&ﬁ& RudBiRPABMEbINSKbBthe élé‘ﬁo&@ﬁ& phdbbbtmie df $he seal.
oa

restricted. in arestricted vol ung, %fg pre-load is
mai nt1&i ned!f nplneelaqtgmgeglseﬁlﬁearﬁdw afE PREPIR Ararhieny BFEE S5al8: 8F BRTI9 | ocks

86, 88. As ﬁ-‘?dﬂ} §24 WMiEmSAEN S%%hfa&eésﬁﬁadoé& BN titeskdny 1 1l e PRI iobthd | ange
118 is therea ter not required be mai ntained after initial actbvatlon

Thi s al | owslamped2: ohisr @y@gcﬂ@semawgwwtk alsg A5EORFIAAIE §RAPTG YRGB th no

requi re”E”HuéfbtgﬁﬁE@d?ur%QihEMaﬁ&{ ain the stroke as in 5normal stud tensioner
operation. I'n other enbodi nents, the conpr esshgﬂaél ange 118 coul d

al so be mount ed The sarieipessmRint 24 CAMPTIEPRHIV it | 264 "Y'@t%ﬂen%rdmf}ﬁ“ t he

cl anp84 aj rﬁd eler%klﬁlg 1t36%fe Bfati ?ltﬁe%eaﬂ@trfe&ﬁﬂbdoﬁ}ﬁlentﬂhbﬁ/nwmwsiﬂ)rlﬁd; elmene
corrpr eSS| on ange 1 e retracted after setti ngppggﬁ recoyer ed with the
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pi pe i nt er SREWYSOFPEIGWHHIERS. 928 SPAIR AN IOMPEe T4 IC %ﬁ?rbefo'fw & USPRAMERY i s
capabl e of 4 drbBﬁété“th@%im bé@e@ﬁ@%é)ge&@m 56 bitersfosemsy gensounidad fby
expansi on a

contraction o pi pe wh ﬁ@n% ervms resultb flnthe
| oss 2% se&laMmEsserblys iﬁhtfé‘f‘v@efﬂlefi H‘éth§%%{F f‘wgﬂ PR 'st #Eep Eljeéj or
Enbodi nent %ré%ferJaHSn gfﬁg%pmg BéRdhtsorBoal so obviate the r eqw rement for

structural ng, reducing |lead tine vant ag of
thi s design are'ft HSg. apge yhe ?@?'%%Fh@]éfeo?”etr%%edomo%@%%rgg?%g%c e%hﬁ@ t he

transverse Blb%%ﬁfloeﬂ%om \éoanv%hr@léwrbyb@brﬁ@%équéﬁgb ﬂwrthigveb@n inadvenit
i ndependent of pipeline fluid compatibili

under st ood drikiag le¢le S@@fﬁ@fdﬁ rRsfiaard dack P?ﬂiﬂe’%r’%?"ﬁ"yaﬂé“’aﬁ‘i t%I%F'p &'&n‘b‘P%r% and

that yari O‘dﬁwcg%ﬁ‘\'gé{;&&tth@ RfaniPE2 PRoveRdant Eﬁfeﬁgtﬁfr&mté&ﬂmg tale alarntpu gwitn any t he
scope of t he 1 nvention

be under st ood
that ref er Oybeard @xishagd dieingeqswertse fq, el g‘i’fﬁe 2% @Hﬁﬁoéc% £t GREP5HRS

| ncl udi ng, tﬁégnswm ‘f‘ock?‘v% ge0lo HECiSiBUe! X bydlodict oPthigasstiimas it the
whet her subse above or below ground, downhole tubing, or indeed any ot her
condui t compression ring is aXIaIIy retained by the Tock.

With compression ring 122 being supported by inboard lock 86 and
35 compression ring 120 being supported by outboard lock 88, the seal volume is
restricted. With a pre-load in a restricted volume, the seal pre-load is maintained. The



“suitable for transport or storage of fluids. It wll be recognised
that all locks, rings and conpression flanges nmay conprise a nunber of
split rings to allow fitting around the pipe. 30Although the described
enbodi ment of the clanp design uses a wedge taper to apply the closure

l oad, it can be seen that any other necHanical, hydraulic, pneumatic or
el ectrical systemcould be used to apply the closure | oad-i ncl udi ng

t hr eaded tseal ipngrloadaalso maidizinsi the aremagwhean both locks 86,88.  Agpp| resulhethe

descri bed t I
%esr%;{;%éﬂgf&ﬁdégﬁtfy dﬂ% H@?&%fd% fang€q 18@%%3&5%& reé@fé@i toone

enbodi nment s unted diTectly on the pipe with the
pi pe ef f echd wwintained afet h@lah@ﬁwﬁ@» Thip alfgws e qorppreasen AgNeHPAs 42 B8 f or

use in Seatlna)dgl rl)lg?IWSP%Pg[I[EBan %%rl%tq Rerh8RPl fielBani I@%kdlﬁ‘gh&%ﬂgké‘%@ pdapt ed

to engage ' second retaining nmenpefs configured fo
| ocat 5on afwonal $thét@'§mn'engp¢rehﬂﬂ ane; and a cl osure nenber for

securing the fig r t I
bet Wleen %he tgogjg'ﬁ s, tﬁ&%ﬁg%si‘gﬁ@ﬁ%§1ﬁ@9§&lﬁ‘%fso He h&lédosaal i ng

engagenent Ing ne ne and the pipe. 102.The sealing
appar at us dﬁpwnmnhf@ma/\h@t showmlaatel neit rglainetgonmitifoelmedtpal alesugh trlaée%’t one

plate.  3.,4{6,568} 4R %&}I 3l tﬁé 8bibrks&bn glané@%@'t@b@@étlﬂacftéﬁ aftéi ng
g 2ot toe Borffpres

menber corrprl ses a Iura é he Seal i ng apparatus of any
pr ecedi ng @ethﬁndMeeweirﬁdwﬁ thee‘ﬂ%ﬂlqﬂn'ﬂ@tffé%ers are configured for |ocation

aboutthe seal i pgy, g@ﬂ%&n&f 8 e@@@m'rﬁgnﬁﬂ HusQsNE® rér%lreél&hpé)rahgﬁted 285. The

seal i ng appar at us receding claim wherein the sealing nenbrane is
conf i gur ediotationeatast 6a§i¢<ztllonIQfaﬁj@lF§p|6¢fl @@nMpe ehdarmagad FRPYRR A Ripf O Pipe

section having a defect or penetration. The pipe interface offers both sealing and
structural grip of the pipe and is capable of withstanding tensile and/or compressive
forces generated by expansion and contraction of the pipe which may otherwise result

15 in the loss of sealing integrity between the sealing membrane and the pipe.
Embodiments of the present invention also obviate the requirement for structural
welding, reducing lead times.

Other advantages of this design are that only the membrane of the body sees
product. Thus, the transverse plates and pivot arms can be constructed from materials

20 independent of pipeline fluid compatibility.

It should be understood that the embodiments described herein are merely
exemplary and that various modifications may be made thereto without departing from
the scope of the invention.

For example, it will be understood that reference to the term pipe includes any

25 elongate construction including, for example, but not exclusively, an oil or gas pipeline,
whether subsea, above or below ground, downhole tubing, or indeed any other conduit
suitable for transport or storage of fluids.

It will be recognised that all locks, rings and compression flanges may comprise
a number of split rings to allow fitting around the pipe.

30 Although the described embodiment of the clamp design uses a wedge taper to
apply the closure load, it can be seen that any other mechanical, hydraulic, pneumatic
or electrical system could be used to apply the closure load-including threaded tooling,
cams, induction a magnetic.

While the described embodiments make use of a separate sealing membrane,

35 in some embodiments, the assembly could be mounted directly on the pipe with the

pipe effectively being the membrane.



"6. The sealing apparatus of claim5, wherein the sealing nenbrane is
configured to resist at |east one of tensile and conpressive axial | oads
applied to the sealing 25nenbrane. 7. The sealing apparatus of any
preceding claim wherein the retaining nenbers are configured to resi st
radi al | oads applied to the sealing nergrane. 308. The seal i ng apparatus of
claim?7, wherein the retaining nenbers are configured to resist radial

| oads applClimso t he seal i ng nmenbrane which woul d otherwi se result in the

| oss of sealing integrity between the sealing nenbrane and the pipe. 13
10. The sealing apparatus of any preceding claim wherein the sealing

menbr ane cbnpr i A esalimgspipatatesoior bge inagrling 2 pipst the p@rasSRIMAERHGane

portions. 511.T, | i eceding claim wherein the
seal i ng nmenbr an%g?aﬁsﬁgﬁgégg?ﬁﬁg%%ﬁfo?%r%gga@ér?ae{g%rrent wth the pipe. 12. The
seal i Bg appar atfirst afid aagongr eetaining gnembera ¢ red rfort lReatinsadbavy the geRlinge i s
conpri sed @Lm% Jrat g,q' al capable of facilitating sealing engagenent with the
pi pe. 10 13. Fe*°s8a ing apparatus of any preceding claim wherein the

seal i ng menbr ane closwermemberafor becsing dreefirst anchsqrend retpipingemenpens togethert al

all oy, a ngn- N I LG i myic material, a
ceramc m@%@?&gg{h&g@%ﬁoﬁ%ﬁv&%ﬁ% .h Eﬁﬁ@}%%e iﬁﬁ%mppar at us of
any one of claims 2 to 13, wherein the plates are arranged in a

subsH?nt tably tf’ﬁé@%@fi’hﬁ%p@ér R I ClU wilerdth BEQH teining mibrhtRs RBRHprisés &

| ongi Tudi nal axis of the eaal I ng menbrane. 15. The seal i ng apparatus of
any one of lesstainempldtet 0 14, wherein each plate is 20fornmed so as to directly
engage with the sealing nmenbrane. 16. The sealing apparatus of any one of
claims 2 to 15, wherein each plate conprises a cut-out portion having an

i nner di medsi onThorseetinmrabpatatiso cAnclaint dr ofi rewbersin Gach Hetadniag jmgmber

menbr ane. pr?s%saT @raﬁtg%lf%)@gesappar atus of any preceding claim wherein the
cl osure nenber conprises at |east one flange secured to each of the

ret aithi ng nmenbers, each flange configured to receive one or a plurality of

bol ts for gecuripg Lhmgr Hrardthd9r SRMPREEdiIhG @i EhherdM the retaining members
are configured for location about the sealing membrane in opposing relationship to

each other.

20 5. The sealing apparatus of any preceding claim, wherein the sealing membrane

is configured to resist axial loads applied to the sealing membrane.

6. The sealing apparatus of claim 5, wherein the sealing membrane is configured
to resist at least one of tensile and compressive axial loads applied to the sealing

25 membrane.

7. The sealing apparatus of any preceding claim, wherein the retaining members

are configured to resist radial loads applied to the sealing membrane.

30 8. The sealing apparatus of claim 7, wherein the retaining members are
configured to resist radial loads applied to the sealing membrane which would

otherwise result in the loss of sealing integrity between the sealing membrane and the

pipe.

35 9. The sealing apparatus of any preceding claim, wherein the retaining members

are secured to the sealing membrane.



"18. ‘The seal i ng apparatus of any preceding claim wherein the closure
nmenber conprises a tension nmenber. 19. The sealing apparatus of claim18,
wherein the tension menber conprises at 35l east one pivot arm 14 20. The
seal i ng apparatus of claim 19, when dependent on claim 3, wherein the at

| east one pivot armis adapted for | océlt3i on between the plates of the
retaining nmenber. 21. The sealing apparatus of claim 18, 19 or 20, wherein
the, or each,nbtensi on 5menber is rotationally nounted to one of the
retaining - j A6y r famen
menber s to‘mgec?:ie emggtb%lb%“%sg&lrr@r%@& toggltel E@?f’mgg.th‘?}fﬁgé@gaf‘i@ﬁgmb )
appar at us aimgtisgs prepbtestillaghaving first andrackhend BEMSFaNG RAGIASpi pe i nterface
arrangenent provided between the sealing menbrane and the pipe. 10 23. The
seal i ng apparatus of claim 22, wherein the pipe interface arran%errent

conprbses &t | eble sealogapRpralieriedny RIGapHIRE ClRBR. Whitaln BR SBRINAeBRTPRE®
seal i ng mi@%ﬁﬁﬁ‘ﬂf@”@ciﬁtﬁ% é?iggg?%ht'withltﬁgﬁip-ghe seal i ng apparatus of claim 22
n

or 23, wherel e pipe interface arrangenment conprises inboard and
out board seal elenents adapted for |ocation between the sealing nenbrane

and the pi pe wafhe sedfg AHparat@abi &Y FRBEdiIAY YRirkf wikdrdinthe 3ea @inBratle | east
one seal elenent conprises 20an el astoneric seal elenment. _26. The sealing

appar at us isfconipaised ot materigh capgblegiéadditatingrseplingsenasgementivitieine g
conprpses a conpression seal. 2527. The sealing apparatus of any one of

claims 22 to 26, wherein the pipe interface arrangenent further c rises a
| ock confi §&r edThe sealingi apperaius ehamnhprereding sl whereinge sgalingmpmpeane

comprises at least one of: a metallic material, a metal alloy, a non-metallic material, a

plastic material, a polymeric material, a ceramic material and a composite material.

15 14, The sealing apparatus of any one of claims 2 to 13, wherein the plates are
arranged in a substantially transverse or perpendicular direction with respect to a

longitudinal axis of the sealing membrane.

15. The sealing apparatus of any one of claims 2 to 14, wherein each plate is

20 formed so as to directly engage with the sealing membrane.

16. The sealing apparatus of any one of claims 2 to 15, wherein each plate
comprises a cut-out portion having an inner dimension corresponding to an outer

dimension of the sealing membrane.

25
17. The sealing apparatus of any preceding claim, wherein the closure member
comprises at least one flange secured to each of the retaining members, each flange
configured to receive one or a plurality of bolts for securing the retaining members
together.

30
18. The sealing apparatus of any preceding claim, wherein the closure member

comprises a tension member.

19. The sealing apparatus of claim 18, wherein the tension member comprises at

35 least one pivot arm.



"28. The seal ing apparatus of claim27, when dependent on claim 23, wherein
the 30lock is configured to maintain sealing pressure on the at | east one
seal elenment. 29. The sealing apparatus of claim27 or 28, wherein the |ock
conprises a taper lock. 15 31.The sealing apparatus of claim 30, wherein
the resilient menber conprises a sprind4el enent. 532. The seal i ng appar at us
of any one of clains 22 to 31, when dependent on claim 24, wherein the
resilient 2ferbefhea sealidaepparafusrofcsimt i whpe drpeireanhen sk e WoRESH e &3, The

sealing a . f ' hSi i
eal 1t | PIREBH the kel Phéthger ty of
b s I A A
wherein at | east one pipe interface arrangenent is provided at each end of

the seali nﬁ.m"Pﬁé”lggalin Sapdardift RPGidth, fEd BP 28, RhBRin e dFRidAdtension
conpri singT "15providing a 'sealing menbrane and engagi ng the sealin
merbr ne winefbar jsi éatiooaltyemeuatedde one of Iﬂ@ﬁ:aqtﬁlﬁglgfmﬁ@?erérﬁi‘ds%ﬁﬂﬂrap%t i ni ng

menber s ab%@aﬂ%?% S&al bife P@gih{ng'?ﬁémﬁé}g P QUSRI P RERBerRBEE el OF

securing t and”secon talning nenbers together to retain sealing
engagenent between the sealing nmenbrane and 20t he pipe. 36. A nmethod of

gm;]; :ﬁg?rbﬂg aTREUaNY APPARIUS 4y TPebsdiRg clARO LAKEII cEmBfsing R pipe
interface arrangement provided between the sealing membrane and the pipe.
10
23. The sealing apparatus of claim 22, wherein the pipe interface arrangement
comprises at least one seal element adapted for location between the sealing

membrane and the pipe wall.

15 24, The sealing apparatus of claim 22 or 23, wherein the pipe interface
arrangement comprises inboard and outboard seal elements adapted for location

between the sealing membrane and the pipe wall.

25. The sealing apparatus of claim 23, wherein at least one seal element comprises

20 an elastomeric seal element.

26. The sealing apparatus of claim 23, 24 or 25, wherein at least one seal element

comprises a compression seal.

25 27. The sealing apparatus of any one of claims 22 to 26, wherein the pipe interface
arrangement further comprises a lock configured to retain the sealing membrane

relative to the pipe.

28. The sealing apparatus of claim 27, when dependent on claim 23, wherein the

30 lock is configured to maintain sealing pressure on the at least one seal element.

29. The sealing apparatus of claim 27 or 28, wherein the lock comprises a taper

lock.

35 30. The sealing apparatus of any one of claims 22 to 29, wherein the pipe interface

arrangement further comprises a resilient member.



“providing a plurality of plates and arranging these to formfirst and
second 25retai ning nmenbers for securing the sealing nenbrane to a pipe; and

provi ding a closure nenber for securing the first and second retaining

menbers together to retain sealing engagenent between the sealing nenbrane

and the pipe.

menber conprises at |east one plate. 38.The nethod of claim35, 36 or
wherein each retaining nmenber conprises a plurality of plates.

10

15

20

25

30

35

31. The sealing apparatus of claim 30, wherein the resilient member comprises a

spring element.

32. The sealing apparatus of any one of claims 22 to 31, when dependent on claim

24, wherein the resilient member is adapted for location between the seal elements.

33. The sealing apparatus of any one of claims 22 to 32, comprising a plurality of

pipe interface arrangements.

34. The sealing apparatus of claim 33, wherein at least one pipe interface

arrangement is provided at each end of the sealing membrane.

35. A method of sealing a pipe, the method comprising:

providing a sealing membrane and engaging the sealing membrane with a pipe
to be sealed,;

locating first and second retaining members about the sealing membrane; and

providing a closure member for securing the first and second retaining
members together to retain sealing engagement between the sealing membrane and

the pipe.

36. A method of manufacturing a sealing apparatus, comprising:

providing a sealing membrane;

providing a plurality of plates and arranging these to form first and second
retaining m-embers for securing the sealing membrane to a pipe; and

providing a closure member for securing the first and second retaining
members together to retain sealing engagement between the sealing membrane and

the pipe.

37. The method of claim 35 or 36, wherein each retaining member comprises at

least one plate.

38. The method of claim 35, 36 or 37, wherein each retaining member comprises a

plurality of plates.

3037. The nethod of claim185 or 36, wherein each retaining

37,



