1 -A BOTTOM TO SURFACE LI NK SYSTEM COWPRI SI NG A SUBMARI NE Pl PE ASSEMBLED
TO AT LEAST ONE FLOAT The present invention relates to the known field of
bottomto-surface |inks of the type coner;ing a vertical 5 submarine pipe
known as a "riser" connecting the sea bed~to a floating support |ocated on
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are referred to by the initials FPSO (for floating,
production, storage, off-loading). Numerous variants
have been developed such as SPARS which are long floating
cigar shapes held in position by catenary anchor systems,
20 or indeed TLPs, i.e. tension leg platforms, in which the
tension legs are generally wvertical.

Well heads are often distributed over an entire
field, and production pipes together with pipes for
injecting water and cables for monitoring and control are

25 placed on the sea bed to converge on a fixed installation
with the floating support being positioned on the surface
vertically above said installation.

Some wells are situated vertically beneath the
floating support and the insides of such wells are

30 therefore directly accessible from the surface. Under
such circumstances, a well head fitted with its
"Christmas tree" can be installed at the surface on board
the floating support. It is then possible using a
derrick installed on said floating support to perform all

35 of the drilling, production, and maintenance operations
required by a well throughout the lifetime of said well.
This is referred to as a "dry" well head.



This is referred to as a "dry" well head. 2 To keep the riser fitted with
its dry well head in a substantially vertical position, it is appropriate
tto exert upwardly directed traction near jts top end, which traction can

be applied either by a cabl e-based 5 tens?oning system usi ng wi nches or

hydraulic actuators installed on the floating support, or else by neans of
floats distributed along the riser and installed,at _various depths,"
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15 When floats are used for tensioning purposes, it is
necessary:
- either to make syntactic foam elements that are
installed as a half-shell around the riser;
- or else to make floats out of metal or composite
20 material, which floats are filled with gas, preferably an
inert gas such as nitrogen.
Syntactic foam is a foam containing microbeads of
glass impregnated in an epoxy or polvurethane type resin.
This type of foam has exceptional ability to withstand
25 pressure and it is commonly used at great depths.
However this tyvpe of foam suffers from the drawback of
being very expensive and difficult to make.
Since the depth of water over some oil fields
exceeds 1500 meters (m), and can be as great as 2000 m to
30 3000 m, the weight of a riser over such a depth requires
forces that can be as much as or greater than several
hundreds of (metric) tonnes in order to enable them to be
kept in position. For such extreme depths (1000 m -
3000 m), buoyancy elements of the "can" type are used
35 which are installed on the risers at various depths. The
floats concerned are then of large dimensions, and in

particular they can be of a diameter lying in the range



floats concerned are then of |arge dinensions, and in particular they can
be of a dianeter lying in the range 3 1.5 mto 5 m or even greater than 5
m and they can extend over a length of 10 mto 20 min order to achieve
buoyancy of as much as 100 tonnes. The flvDat and the pipe are subject to
the effects of 5 swell and of current, and because they are connected to
an FPSO on the surface, they are also subjected indirectly to the effects
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connection between the riser and a float.
In order to minimize the forces generated by current
and swell acting on the riser-and-float system, floats
are generally circular and they are installed coaxially
20 around the riser.
In addition, floats are generally fixed to a riser
in such a manner as to ensure that the connection between
a riser and a float is leakproof and capable of confining
the filler gas within the float. The commonly-employed
25 solution consists in mutual interfitting engagement
between the float and the riser at the top and bottom
ends of the float, backed up by welding. Numerous
reinforcements are added to ensure that the assembly has
sufficient strength.
30 At such a junction between a riser and a float, the
" second moment of area of the assembly (i.e. its
resistance to bending) varies considerably on going from
the section of the riser to the section of the float.
Such large variations in second moment of area give
35 rise to poor stress distribution, thus giving rise to
highly localized zones where stress can become

unacceptable and can lead either to sudden breakage or



35 rise to poor stress distribution, thus giving rise to highly localized
zones where stress can becone unacceptable and can | ead either to sudden
breakage or 4 else to fatigue, leading in turn to the appearance of
cracks and then to ruin. In order to reinforce the sensitive zone, these
| ocal i zed stresses require transition pi eces to be used, generally |arge
conical 5 pieces referred to as "tapered %0|nts | n sone cases, _these
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systems between floating tanks and risers, where parts
are used that are made of elastomer material.

Those buoyancy systems enable the tensioning system
on board the floating support to be reduced and, in
20 general, they are distributed over a large fraction of
the depth of water, and in addition they present small
buovancy of up to a few hundreds of kg, or perhaps as
much as 1 tonne or 2 tonnes.
The junctions are situated in the top portions of
25 the floats, while the bottom portions of the floats are
generally left open. Such devices can transfer loads
corresponding to reducing the weight of a limited length
of pipe, but they are not suitable for floats that are
intended (on their own and without help from additional
30 tensioning systems secured to the floating support) to
support very long lengths of riser, e.g. 500 m to 1000 m,
or even more, of the kind to be found in off-shore oil
fields at great depth, i.e., in particular, at depths of
more than 1000 m. The buoyancy required for providing
35 tensioning by means of floats alone requires considerable
forces to be transferred vertically and transversely,
said vertical forces applied to the head of the riser



more than 1000 m The buoyancy required for providing 35 tensioning by
means of floats alone requires considerable forces to be transferred
vertically and transversely, said vertical forces applied to the head of
the riser 5 being capable of reaching several hundreds of tonnes, and in
particular lying in the range 300 tonnes to 500 tonnes. The object of the
present invention is to _provide a_ 5 novel pe of Junctlon bet ween riser
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secured %9 sméjég e or to said can, and a second plate
Another object of the present invention is to
provide a riser-and-float junction for a riser that is to
be used in great depths, and that is essentially, or even
solely, tensioned by floats of large dimensions.

20 For this purpose, the present invention provides a
bottom-to-surface connection system comprising a
submarine pipe assembled to at least one float having a
coaxial can surrounding said pipe and junction means for
joining said can to said pipe at top and bottom orifices

25 of said can through which said pipe passes, the system
being characterized in that:

said junction means comprise a resilient and
leakproof flexible joint assembled around said pipe at at
least one of the top and bottom orifices of said can;

30 - said resilient and leakproof flexible joint
includes a laminated abutment comprising a first plate
secured to said pipe or to said can, and a second plate
secured to said can or to said pipe, respectively, said
plates sandwiching layers of elastomer and rigid

35 reinforcement, said_plates, elastomer layers, and

reinforcement presenting surfaces of revolution about an



secured to said can or to said pipe, respectively, said plates sandw ching
| ayers of elastonmer and rigid 35 reinforcenent, said plates, elastoner
layers, and reinforcenent presenting surfaces of revolution about an 6
axis constituted by the axis of said plpesand said duct when at rest; and
sai d | am nat ed abutnment being: a frustoconical plane |anm nated abutnment 5
constituted by a plurality of layers of elastomer and rigid reinforcenent
in the form ofXigpeppesibuhadnby sthej a¥igdphgsaldi piaeppagesatd duct
frustoconi cal wakapgri pestt bgda within a frustoconi cal envel ope surface,
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15 In said frustoconical or cylindrical laminated
abutments, said layers of elastomer and rigid
reinforcement can be continuous or discontinuous, and
they are preferably continuous. The term "discontinuous"
is used herein to mean that a layer is made up of a

20 plurality of portions defining circular sectors which
together make up one of said washers, or one of said
frustoconical or cylindrical surfaces of revolution.

In another embodiment, said junction means comprise
a flexible, resilient, and leakproof joint at each

25 orifice of said can.

In another embodiment, said junction means comprise
a leakproof joint at one of the orifices of said can, and
in particular its top orifice, and a joint that is
flexible, resilient, and leakproof at its other orifice.

30 More particularly, one of the top and bottom
orifices of said can has a resilient, flexible, and
leakproof joint constituted by a said cylindrical
laminated abutment, and the other orifice has an abutment
comprising a rigid plate of frustoconical shape with its

35 larger base situated at its bottom end, and said plate

preferably surmounts a said laminated abutment.



| am nat ed abutnent, and the other orifice has an abutnment conprising a
rigid plate of frustoconical shape with its 35 | arger base situated at its
bottomend, and said plate preferably surnounts a said | am nated abut nment.
7 Aflexible, resilient, and |eakproof ngnt of the present invention
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Advantageously, said frustoconical plate has a
central cylindrical cavity that is secured to said pipe,
and said layers of elastomer and rigid reinforcement in

20 the form of superposed washers are inscribed with a
frustoconical envelope surface.

In an advantageous embodiment, said frustoconical
plate is an integral portion of the riser.

The conical shape in accordance with the present

25 invention contributes to transmitting vertical forces to
said pipe in a manner which is progressive. The vertical
thrust that acts on the can is transmitted wvia the
laminated abutment in the direction of the axis of said
pipe. Said laminated abutment presents much lower

30 stiffness in directions that are perpendicular thereto,
said transverse stiffness being adjustable as a function
of the quality of the elastomer, the thickness of the
various layers of elastomer, and the number of such
layers.

35 More particularly, the cylindrical laminated
abutment has an inner first rigid cylindrical plate

secured to the outside surface of said pipe and an outer



various l-ayers of elastoner, and the nunber of such I|ayers. 35 Mire
particularly, the cylindrical |am nated abutnment has an inner first rigid
cylindrical plate secured to the outsidessurface of said pipe and an outer
8 second rigid cylindrical plate secured® o said can, preferably via an
annul ar flange. The cylindrical shape of the I|am nated abutment of the

I nvention confers Low,sti.ffness_to Sfld abutnment 5_along the axis of said
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symetrical ; twisting and translation movement at the orifices as

in

15 mentioned above, said twisting movements being associated
with said pipe curving within said can.

The buoyancy of said submarine pipe is preferably
provided by said floats without adding additional
tensioning systems, in particular without systems

20 operating by means of cables that are secured to the
floating support.

Other characteristics and advantages of the present
invention appear in the light of the following detailed
description, given with reference to the following

25 figures, in which:
_ - Figures 1 and 6 to 8 are side views of a riser
associated with a can 1 shown in section and in side view
and fitted on top with a plane laminated abutment 3, that
is circularly symmetrical, and at the bottom with a

30 cylindrical laminated abutment 3, that is likewise
circularly symmetrical;

- Figures 2 to 5 are sections through a segment of
laminated abutment in accordance with the invention
showing how it makes both lateral displacements and

35 twisting possible while still being capable of supporting
considerable vertical loads and sagging very little; the
laminated abutment is constituted by a top plate 9 and a



Figures 2 to 5 are sections through a segnent of |am nated abutnent in
accordance with the invention show ng how it nakes both | ateral

di spl acenents and 35 twi sting possible while still being capabl e of
supporting considerable vertical |oads and sagging very little; the

| am nat ed abutnment is constituted by a top plate 9 and a 9 bottomplate 10
(or an outer plate 12 and an inner plate 11) sandw chi ng between_them

| ayers of el aeebher vlahke b (3healR feEEr Péﬁﬁ?o?%eﬂ%ﬂtaﬁ ippghrelaseio 5
thus show theyjyebah&wecADNE nsatﬁeeﬁs’éhéﬂnelayéy\eeaf ael@@t@ﬂnéi: e7aafdaod

bottom pl ate under the effect _of variou ads_des elo Y ey of
exanpl e, the %hﬁ%?oﬁ%Fafa§§F§ eRASHERt gnpgéggﬁﬁsbg g o8 Hﬁﬂﬁtmﬁ9 Bfn the
range 0 to 5 e&latErgunevémesnta pod91blembetwaehaa1napeplabetandta that S

not subjegted tp force;, 10 _FEigu side f S at ed
abut nment Ubj ?Ea tBEEtSOH%§$gs%§% gfggtFég Xéﬁ§$h8 1%28s ﬁggﬁkggéato be
reduced; F|gheéow,lbyawsYdefveEampiethéhSaﬁéaSEﬂmﬁatééyeaﬁuﬁﬁ@nbe3l

subj ected to eo§9§%g5§8r5§ Eh gafﬁbﬂﬂtr1§§n§01n1§hga£§ﬁ§g di €8l gcement in

the direction o Or Ce; ure IS a side view,of the sane | ani nat ed
abut ment 31 subj ect eBig8TENR F6r6e§lﬁﬁ ¥oRYi Aht fohamdnaksHi 3BHERF For ce Fh

giving rise tensheag apd gubgébtgaltofgbgeeFv giving rise to conpreSS|on
with the_yertical 20 force ?elng of f-center %ssbepresen gls case by
S

the abut #&nt tiltingTwPPAS] l?l@h?lﬂﬁnal§Wd8 gi Rg™e F@ﬁ?%tﬁ is a
section vi ew abuthent| sabjethedhtoha thmpkettsibal foptet Rg, feausinghbuvs t he

float inits QH?F B%anEgr 80§Eﬁhg@d while the right half of the figure 25
me

shows the sa I Mmerse the vertical thrust Fv bein
transmtted to the-cBipuar fait 8 gidet Haepl afiethpafpRgt é8M4BAERENt 31 at

the top, ther&Bﬁtﬁéﬁtegﬁlé‘tﬂo dct8d €OMRIEBSAPNEoMES NP ! A vEd Rdidecalo
DU e 82 2L L0 PO, LIeD el 10 BUbLectef b8 SHogheoBbLee 0 10U T

.- Figure 5 is a side view of the same laminated
abutment 3, subjected to two forces in combination, a
horizontal force F, giving rise to shear and a vertical
force F, giving rise to compression, with the vertical

20 force being off-center, as represented in this case by
the abutment tilting with its right-hand side sagging;

- Figure 6 is a section view of the float, in which
the left half of the figure shows the float in its out-
of-water position, while the right half of the figure

25 shows the same float when immersed, the vertical thrust F,
being transmitted to the conical part 9 via the plane
laminated abutment 3, at the top, thereby subjecting it to
compression, with the cylindrical abutment 3, at the
bottom then being subjected to shear only;

30 - Figure 7 is a side view of a riser associated with
a can in side view and in section, the can having at its
top end a circularly symmetrical cylindrical laminated
abutment that is assembled via a flange to the float, and
at its bottom end a circularly symmetrical plane

35 laminated abutment likewise assembled to the can via a
flange;



a can in side view and in section, the can having at its top end a°
circularly symmetrical cylindrical |amnated abutnent that is assenbled
via a flange to the float, and at its bottomend a circularly synmetrical
pl ane 35 | am nated abutnent |ikew se ass led to the can via a flange; 10
Figure 8 is a section view of a free float 1 in air or water, with the
riser 2 being defornmed about a radius, of curvature R, eb feforn1ng
each of the abut mbnf:98ae o8l 322 vFeRt hoR oFbPWalt o e%l?i%?% it 5 shear

and conpr eSSIQﬂrf@fC@éterFl N AL QhésrﬁséﬂCQleﬂge&e%rmeda@béuueai rigidly
to the riser Its tgp end (no | gent anda $o$§e§ﬁ|ng at its
bottom end a E?@?Hﬁr? FUFBATWEE et ﬁ¥ t Ct8pasl 8257 Yarge-anplitude
di spl acenent ahdtmsnb@eB@knng:gsmamhjalbpmbnnamapne9§|dnﬁf&segh@wﬁ in

Figure 10; F%ﬁggg 1041 § @ﬁ§gﬁéigg f&f&g%t the Figure 9 can, show ng the

curvature of i Ser r emal Ns an ential to the axis of the fl oat
1 at the top coni cal Figusaglgéseat Spakion, VMEWI@ftﬁecﬁ%tfhﬁﬁﬁaﬁiﬂhﬂﬁﬂ

abutment 32 ghsphbSrabbrOhtt hesdebgr ansi Ospaﬁbﬁatgaeagﬁtﬁeﬂt)sama pi pe
can nove angularly and transversel aX| f said can at said

orifice; F|gE?ésﬁﬁnggaaEeEF§oﬁogg%m/%thﬁec¥ibnﬂ5F?? 6?1n§6e he riser

in which the abuﬂihehﬁ Bmm@cbﬂaylargém@mmid@aﬂsgmwmmchnmh a
| ow frictijon nte ;? and alsoomntgsa all?ﬁ gasket 18,
and asse Iedo?Srﬁ f?%nﬁ@siﬁ th yl%n388ﬂP583?6 the fF e assenbly

bei ng seal ed Eyggrgaiﬁet 24; 25 Figure 12 is a side view of the conica
plate 9 in section §§§8ﬁé316d1¥“ hsécEJQ{)]I-l' 98l of | £8E B1gafeoblabncd by

forging and nmachi nin el n r|or to l ayers o
el astoner 7 aﬁBOWhﬁgnﬁbﬁlCP@VﬂFBF@eﬁﬁthB rb%?ﬁg pHFlFHtBeBPéEE and 30

Figure 13 is gafgdftvheWwbntEeCcako8 6f g8heeglBAt 1 at the top conical

15 engagement part 9, while the bottom laminated abutment 3,
absorbs all of the deformation so that the axis of said
pipe can move angularly and transversely away from the
axis of said can at said orifice;

- Figure 11 is a section view of the top portion of

20 the riser in which the joint is implemented by a
spherical ball 9 provided with a low friction
intermediate membrane 22 and also with a sealing gasket
18, and assembled to a flange 19 that is secured to the
float, the assembly being sealed by a gasket 24;

25 - Figure 12 is a side view of the conical plate 9 in
section associated with a portion of riser 2 and obtained
by forging and machining, this part being shown prior to
the layers of elastomer 7 and the metal reinforcement 8
being put into place; and

30 « Figure 13 is a side view in section of a segment
of riser obtained by forging and machining, presenting a
thread 23 in its reinforced zone whereby it 1is screwed
and stuck to the bottom plate 11 of a circularly
symmetrical cylindrical laminated abutment.

35 In the embodiments of Figures 1 to 10, the laminated
abutments comprise layers of elastomer and of metal

reinforcement between plates having circularly



of riser -obtained by forging and nmachi ning, presenting a thread 23 inits
reinforced zone whereby it is screwed and stuck to the bottomplate 11 of
acircularly symmetrical cylindrical n%¥ated abutnment. 35 In the

enbodi ments of Figures 1 to 10, the Ian1 ed abutnents conprise |ayers of
el astomer and of nmetal reinforcement between plates having circularly 11
synnetrlcal surfaces,about an axis constituted by the, axis ZZ' of said

pi pe and of sSYWMELAiGREnSUFIREEE. aRGUE| aRi & §1Fh€°H§§EFPE?§oPY0FhFhe

i nvention, thaxipi pe-aod- samdapspébhndlsfdeaﬁdlbaﬁ wheat hyerégtan 5 _
orthogonal frame of re ere YZ .whose gx s ZZ' .. coiLngi dgs mntghthe axi s

of the pipe and th Cchn?at Veg © dﬁﬁSEéP %P8 tPFeénVﬁn 8™ € of the
figure, and whdpe- aadrsaﬁYasBemblynlshdepbambeﬂerpéaduvelao an the Figure.

I n Figures 11o§th3go ne §raﬁ§ Euﬁﬁgekéﬂbeak?g wﬂgs@bgﬁggnﬁghs a

frustoconi cal plane an1na e nt risin earing part 9
of frustocon|€aFn§ﬁ§9§ wikBukkg 9xasi o8 bhgepﬁﬁeaapdyéheoﬂaél§§t§ﬁ§t 7in

the form of @gnwashekissgkd Lidst 9508heab18AEt oRA¥HhBIF8gueeNt HAH whose
cylindrical cavity §ecgred to said and said 15 el astonmer .[ayers 7 and

said rigid pi8€8E 8 tfifotBe ﬁtpEQB?onﬁBeP FrdRrstiBeFB8sBdIWESher s are
inscribed within anfFiugtpesnicab,enyehngessuthacplahs Eaginetédd the

SpPar At uRqcoMBELefane Bs! LUELASPRLERLR) "BEah a1 ORt GL- 20 RHE L o1 1P

20 top en of "sard can ice 5
cylindrical IGﬂmnateungbatnﬁﬁndBEearlngeprtt6nofeﬁduatosandceénﬁhbpaeath

the bottom orsbbGee8 ¢iaSatd p§88- t35 Iﬂa§é9u5§3e1a§90$€ §h§ncgh%ndrlcal
| am nated abutnent .is a C%F|ndr|ca abutnent nade u | ayers o

el astomer 7 ah@f®f °f §i WoF ﬁfo?ééﬁeﬁ?“BtPﬁthﬁa@oPﬁ¥Bfhaﬁﬂ?ﬁcént coaxi al
tubes. Mre paehtealacyyihteiesli sdvical skagraat ed shuanBibe, and said

15 elastomer layers 7 and said rigid pieces of reinforcement
8 in the form of superposed washers are inscribed within
a frustoconical envelope surface.

In Figure 1, the apparatus comprises:
- a frustoconical plane laminated abutment 3, at the

20 top end of said can, above the top orifice 5 of said can;
and

- a cylindrical laminated abutment 3, at the bottom
end of said can, beneath the bottom orifice 6 of said
can.

25 In Figures 1 to 10, the cylindrical laminated
abutment is a cylindrical abutment made up of layers of
elastomer 7 and of rigid reinforcement 8 in the form of
adjacent coaxial tubes.

More particularly the cylindrical laminated abutment

30 comprises an inner cylindrical rigid plate 11 secured to
the outside surface of said pipe, and an outer
cylindrical rigid plate 12 secured to said can via an
annular flange 13 of said outer cylindrical rigid plate.

In Figure 7, the apparatus comprises:

35 - a frustoconical plane laminated abutment 3, at the

bottom end of said can, above the bottom orifice 6 and

inside said can; and



30 conpri.ses an inner cylindrical rigid plate 11 secured to the outside
surface of said pipe, and an outer cylindrical rigid plate 12 secured to
said can via an annular flange 13 of salf outer cylindrical rigid plate.
In Figure 7, the apparatus conprises: 4 frustoconi cal pl ane | am nat ed
abutnment 31 at the bottomend of said can, above the bottomorifice 6 and
I nside said can; and 12 a_cylindrical Ian1nated abutnment 32 at the top

end of said can, abo@eCYEéngébcéﬂl%PﬂéngtﬁﬁdaBHF§?HE daiqF 't tameend

conbi ned conpresshed aad, hapbwenthk sbpabri@ieess &ndcbuBgiaa said

| ami nat ed abutment as shown in Figures 2 to 5 give to and authorize

tw sting movefiRts of said pipe 2 relative to the can about the axes XX
and YY" that are faepeodbinkdr cobmprbestan axdshdZizohogét Bheaw fhrcesne

movenent gn t%@@ h 898 oL miABRLL 2RI % € E.éﬂo%ﬁ' noﬁi hESé gsee
agiie s a2 (B

Figure 8). can Seen t nprising the
can 1 and thetpl5e92VEn§Du§ndgauhb0rﬁzastwasﬁnnalmpvaméntanpﬁaﬁéédabutnent

31 and the cyljadpi cahagbybment (B2 BeAVLHEsLl kX Bikbit ¥xandndSyiesilience
at the junctions at the top and bottom orifices @f the can, thereby

decoupl i ng not¥BRENETBePREBRNALREBENTD KRG €AB Eﬁﬁé §ZmM|F@9§ﬁ§8F|W§tPhat

t he apparatusOmenmbﬂaméﬁakmhoetané@a@ﬁdnnanHOOEhgmamneampmmtuabeatloat S
di mensi oped 20. to_have positive pnternal -pressure during each stage
of the og r at PoR PF&&%S?@pX?SE'%ﬁQBHethé ‘surface prior to installation,
during instalIat|oﬁromnﬂlguheoaghéutcansbepseanlngatitheiaesembly preferred

enbodi ment of (g, fLoak, chbSc2R 6YLhACLhEapiAa" bl dAchaagaAgsEhbut ed merel y
3o,y 191 3, Ae1garasTLh

by roll ed sheet ness that to"take account of
the pressure érﬂﬁépgﬁEécsétmééﬁetﬁemnﬁ§teé abutwént|éaxan@uﬁh¢he out si de of

the float, w tbliharesds abusakftl Boabrovides flexibility and
15 resilience at the junctions at the top and bottom
orifices of the can, thereby decoupling movement between
the can 1 and the pipe 2 while ensuring that the
apparatus remains leakproof.
According to the invention, the float is dimensioned
20 so as to have positive internal pressure during each
stage of the operation, from preparation on the surface
prior to installation, during installation, and
throughout its operating lifetime.
In a preferred embodiment of the float, its
25 cylindrical portion is constituted merely by rolled sheet
metal of thickness that is determined to take account of
the pressure difference between the inside of the float
and the outside of the float, with the ends of said float
being curved surfaces approximating to péraboloids of
30 revolution or merely to hemispheres. Determining the
necessary thicknesses and the safety factors imposed by
regulations comes within the competence of the person
skilled in the art in the field of pressurized tanks and
is therefore not described in detail herein. The float
35 of the invention is never at a pressure that is lower

than that of its surroundings, and consequently it



bei ng curved surfaces approxi mating to parabol oi ds of 30 revol ution or
nerely to hem spheres. Determning the necessary thicknesses and the
safety factors inposed by regulations corgs wi thin the conpetence of the
person skilled in the art in the field of°pressurized tanks and is

t herefore not described in detail herein. The float 35 of the invention is
never at a pressure that is lower than that of its surroundings, and
consequent | y requiresenni inserBalnreiRAPTEENAREr cBRENERUENBOBRESSBBs8esses

a good ratio QBdeQ¥§8CMfOBﬁbth@y“BVGBttﬁE WE§gﬁtfaﬁtmt§ sThactope.

| am nat ed abu?nent 31 is c nstltutgd gﬁ ne aI conlcaEi Pa% §ﬂ$ecured to

the riser 2 and pr8%fdFRE l3mipate Lpeng, FEO RS W Fate 10

which is secum@damcbhecamdpa@t Bheeéh@aa ab the eisbirce &ndTheovidmhgal

top plate 9 | enbl ed, to,the_riser i h y [ew,e t, or by
 FaBeBoByPaeFRcour AP Aametrichorhotneaite; 80 BATEECER

wel di ng, screM/engagenent S
used, the asssebuyedanobehesbaﬂydOBytheaﬁéogt gaskbesorhicear 8. noThehown,

or more si npggnggaapeé¥s nggaeehgs%geagge&ﬂgea%swthar eadarbef gieneli By

engagenent. In an enbo e tnvention as shown .in 15 Figure 1 t he
top frustoconF§EPWp?agéggmﬁ§tanOFnPEQW&ﬂdlﬁgvtP6n18§e?ﬁebV|§EF“C?HrFH|s
end, the pl atggBeksvemanufactured with a portlon of riser 2 extending from
each end_t her eof . 30 cm upwards and,60 cm.do he assenbly is
advant agéQus| y obtyh%8d35§eWbF§9ﬁ8eQe§5 dPnyredy g@F aﬁﬁ@?ﬁgynﬁ Gbe
blank at a di seeled bameahs bé&sgathenst hbati azk doamshewn, Abremoterglng,
the part is gg&gugﬁggf gﬁb&%hgughh%%ashgn%hangc&aev ehasLatepe spQEPONeNt s

are assenbl ed cani zati on or yneri zation on the
top and bottoﬁﬂpﬁét@@gageme@5 manner known to the person skilled in the

art. The assenbly gansbecapsanbkad b¢ the LAReReibhOBsOEholReihi ser and to

the bottom portion bﬁ an conventlonal nmean ECh ag meldlng scre
engageneﬁ§ oF 1PHgEed 2 he top frustoconica ate is an lhtegra

portion of the riser. To this end, the plate 9 is
manufactured with a portion of riser 2 extending from
each end thereof, e.g. 30 cm upwards and 60 cm downwards.
The assembly is advantageously obtained by forging a

20 single ingot, including a tube blank at a diameter that
is less than the final diameter. After forging, the part
is machined to its final dimensions and the elastomer
components are assembled by adhesion and vulcanization or
by polymerization on the top and bottom plates in a

25 manner known to the person skilled in the art.

The assembly can be assembled to the top portion of
the riser and to the bottom portion by any conventional
means such as welding, screw engagement, or indeed via
flanges with sealing gaskets.

30 In the same manner, the inner plate 11 of the bottom
abutment can be obtained by being fofged together with a
portion of the riser, but because forces in this region
of the float are much smaller, the plate can be secured
to the outside wall of the riser merely by welding, screw

35 engagement, or adhesive, as shown in Figure 13.

In a particularly advantageous embodiment of the

invention, the frustoconical plate 9 transferring



flanges with sealing gaskets. 30 In the sanme manner, the inner plate 11 of
the bottom abutnment can be obtained by being forged together with a
portion of the riser, but because forces %E this region of the float are
much smal l er, the plate can be secured the outside wall of the riser
merely by wel ding, screw 35 engagenent, or adhesive, as shomn in Figure 13.

In a particularlg advant ageous enbodi nent  of ,the _invention,
frust oconi cal Veraiead f?ﬁﬁngPrFHB Tiseyeif| ¢BFtabiee #b Fhe p9§Epm|gf

}nstalled atlthébbpbé@”1Oﬁ?débesﬁbﬁg&1rbhﬁ§F?ﬁaéB csa@ﬁnsfa?cegonﬁa?n

rust oconi cal . abut nen .l ies ingide_sai at_agngd. t he Lndrica

abut nent is tﬂgﬁtwﬁgﬁa§liﬁe§tlFﬁé ?oﬁaba ghgaﬁ|3gﬁ,ggg %yg¥gﬁﬁl?ﬁfFlgure 7.
By operating abuthestwy, thee bnsygahtgdf atcehgi tep ofi shei itode, thds wal | of

the floatcto C forces, and as a result the float pulls the
riser upaardéﬁgﬁﬁeiéagigﬁg%he preV|oust descri bed 10 configuration the

forces due to buoyB¥cyparatingnshi théd wewy, t keecbruprancyl fpecsegii¥ed to t he

riser by conppessi PAsisa the wahh 8t the Ehea& t3h9e£h9éalthﬁacey§hes t he
riser upwards,_ By operating in this e risk_of t wal | of the fl oat

buckling is r&akEed: sPREeaFh §??B%§e§ﬁﬁ5f38€tt8“9?3n§?§r¥%ﬁ@rup thrust and
the stresses dpwrat@s,i wheraak mﬁeﬁﬁdrﬁréhibtﬁl?addsw@hbedre all in

traction The riser n_be n rd the, bar by_assenblin oget her
succeser v8 unteREighuREloR LhR BoPPes Rhg, HBTRARLAR Y PR  FERLERREEEHE: 1O
of step-by-stép tRe aeseqblypéaEekaemnred thetper soseskbly| edmpneshéonrt of
of f-shore drik ' eaﬂglﬁranEBedf§85tbedTﬂ§rfiaﬁgntﬂéﬁabhsh Hcghgsse”b'y 1S

performed eit screw engagemnent é/flan es.
Most of the eréﬁﬁﬁtgpwﬁr@ﬁe r XePPGFétéPﬁpFE théswayz5tbﬁ|y1§kfe shet he

el ements carryafloaEsthé Eh6atnvgBkiong ifhesquaed khatal tre strekkberent
| ocationgin the yater depth, wLh Lhel L shage And yoLune bg)no,goti m zed
internal pressure within said wall are all in traction.
The riser can be made on board the barge by
assembling together successive unit segments, generally
in multiples of 12 meters (m). Methods of step-by-step
20 assembly'are known to the person skilled in the art of
off-shore drilling and are not described herein in
detail. Such assembly is performed either by screw
engagement, or by welding, or indeed by flanges.
Most of the elements of the riser are simple tubes,
25 only a few of the elements carry floats of the invention.
These are installed at different locations in the water
depth, with their shape and volume being optimized as a
function of sea and weather conditions and as a function
of depth on site. Thus, by way of purely illustrative
30 example, a 60-tonne float may be installed at a depth of
-30 m, a 20-tonne float at a depth of -50 m, and a series
of five 5-tonne floats may be installed every 10 m
starting from a depth of -100 m.
To make it easier to install, the can is
35 advantageously fitted with a first orifice having a
filler valve 16 situated through a high portion of the

can close to its top, and a second orifice provided with



function- of sea and weat her conditions and as a function of depth on site.
Thus, by way of purely illustrative 30 exanple, a 60-tonne float nay be
installed at a depth of -30 m a 20-tonnf float at a depth of -50 m and a
series of five 5-tonne floats may be ins 2l | ed every 10 m starting froma
depth of -100 m To nake it easier to install, the can is 35 advantageously
fitted with a first orifice havin filler valve 16 situated thrﬁugh a

a
hi gh portion &R ?Hbauéénvéﬂ8§e1?0%PF§t?gpPeéﬁd1555985ﬁ8m0ri ¢&pFBGi ded
with 15 an exhagst i%abkend71beeakadineanel watbeot t bochVbirli€itke akkoat is

being I owered in the er ..both_orifices ar open.and the float fills

conp?etely mﬁPHeﬂa?BF%%%ﬁcglPﬁ% f?ﬁgércpgpiﬁ%ﬁg¥pWFﬁ§IWS%?Ffioﬁgcg Fbgular
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| nj ect ed %”deEP% BL%%%#EG'gr$§£ﬁ%ek@ﬁ”t%h%h8r%%EUB%i%EceW@ ar g&er sespondi ng
of “sai Saf: e gas he“wat er whi c

to the depth or - a g expel's t eScapes through
the bottom ofihfiecsedoupderhe pressuligs oseasesnsbpidtbe preseyrer 010 gas

begi ns to escgpeck’ aBtRepBALL AR @bl theedebht bet kaAu ¥abwue.l7The Gaen
cl osed and gas conti nues Fo be Injected wuntil the pressure inside the
float reachesS¥BRES bRevIBLSKy WHALE: RSRERSPalttiE Ough %5? ﬁptgfgnple, if it

is desired toog¢lfieve aonte phesflvatdhbkebeehn ampetied bdr dtbetvater,t he
i nside a the outsi,de at the top.of a.float that is mtall hat
10, Gheobsdinn Sp cBEaRR”shamytben Ppion qr riPely the,Potso

i s installed 8f%a iV ressure a
depth i s subsvadweallllyi5 baes, cilboeed hod gesssongivteshgoghe dhjecdede 7

bars. It my hecohserued 20-Lhal ;lbauhel 9 oBkesBUChal Cofieent ial at the

top of the float is In )ar's, is no nore than 1 bar at the bottom
of the float PrR¥aOUSdYeReErXEILNS e¥Sdi€- corresponding to -60 mis

approximately 6 bagy. wh{ bifgekemplelhefcat is Fedlised ot edhdleviet 2 top 25
with a salety diseharos alve 2003090y 10 AL GUA ol 23 iR °0 29

the outside at the top of a float that is 10 m tall and
that is installed at a depth of -50 m, and given that the
pressure at said depth is substantially 5 bars, then the
pressure of the gas should be 7 bars. It may be observed

20 that although the pressure differential at the top of the
float is indeed 2 bars, it is no more than 1 bar at the
bottom of the float since the external pressure
corresponding to -60 m is approximately 6 bars.

In Figure 1, the can 1 is also fitted at its top

25 with a safety discharge valve 20 rated, in particular, at
+2 bars, so as to provide "anti-explosion" safety, and it
is also provided with a safety discharge valve 21 rated,
in particular, at -1 bar to provide "anti-implosion"
safety in the event of a leak occurring in that portion

30 of the pipe which lies within the can or of a leak
occurring in the outer wall of the can, or via said
flexible joints.

The pressure values given above correspond to the

maximum acceptable pressure differential between the

35 inside and the outside for avoiding an explosion, i.e.
ruin by bursting, or implosion, i.e. ruin by the can

buckling.



is al so provided mnth a safety dlscharge valve 21 rated, in particular, at
-1 bar to provide "anti-inplosion" safety in the event of a |l eak occurring
IFn that portion 30 of the pipe which lies Xnthin the can or of a leak
occurring in the outer wall of the can, o} via said flexible joints. The
pressure val ues given above correspond to the naxi num acceptabl e pressure
differential between the ,35 inside and the outside for avoiding an

expl osion, i.e. rufAepy2biRgsiaf, thesenbressahety. devigen Gorend ean
buckling. 16 ogbeatihynismotst brse awne qatetiifedi BeScEEPEDEL DBnOPer ating

limts that a termn | cul atiop o t he basis of the strength of
the can wal . Eﬁ%dﬁgs+%r ﬁnﬁﬁ%o?ﬁﬁﬁngﬁ% iﬁﬂﬁa?ﬁﬂEW%fL (pressure, 5
t enper at ur e, operaMeagssfaremonitohengatheymaahvpaiametersalpréQEuﬁee

instal | edson thgocpneand, t%@ ELEGPORALOY. of PLALTELECN, oty aOpl oyl 10

t he surface. Buo ancy IS f ust é float
using said tweed |¥%%%sa¥% 1%?%@ led @@ thﬁnv@n qmdath@r¢@xne$@¢mdgn@f

wat er and si niuhfGARLSLN 18 %éﬂ@mi?fté@ £61 Ph&CLuPARcE0 as to keep the
stresses in the vq%lous mechani cal conponents_w t hin acceptabl e ranges.

All such purging O%%??ﬁs%?n@dB%%F%ﬁ?%H§1¥aﬁdbﬁsb%@f%Yﬁ%@l%¢$%b¥g by a

di ver, or by ubanﬁloétausfm@teéydOQwéaéﬁﬂfﬂeégctG ﬂﬁhééﬁlﬁrC@@tfémé@Q from
ar ms

t he surf h varjpous, tools suc ul at or

i nsi de o the Can f%&f& *%i%ﬁe ° éW?t%ft%nio%ﬁTul e?%iﬁ%a?%dméﬁﬁ?ﬁ%ﬁts are
descri bed as h@vrﬁgnj¢@¢r§@$ceme@$ GOthe¢p|shplsneessesyimndhecaarlammever
20 said rei nfRecRiRitad COHLON&hEL PELLLR S8LePLasPOCFd S %é dorAfP”é&' pave

sone ot her shape., The rei nforcenents can %e contl nuous scont1 nuous,
e.g. in the & ’FHJO‘FQ Qe P} LS TG AR ERF HPNS CaR o tPeF FoFmed t ol ther

cylindrical dbptaedivenn &g optaeanes F 4ep8oBElR St &l d@lh £AVE! ope
contalnlfg a-f&é%ﬂ ééﬁéf% eér¥kom the surface and fitted with various
tools such as manipulator arms.
The inside of the can be filled in part with foam.
The laminated abutments are described as having
reinforcement 8 that is plane or cylindrical, however
20 said reinforcement 8 could also be conical or spherical
or could have some other shape. The reinforcements can
be continuous or discontinuous, e.g. in the form of
sectors. 1In particular, a result similar to the
cylindrical abutment can be obtained by means of a
25 toroidal envelope containing a fluid (like an inner
tube). Movements then give rise to deformation of the
torus with fluid being transferred within the torus.
This is particularly suitable for the bottom joint and
more particularly so for the example of Figures 9 and 10
30 where a large amount of clearance is required.
It will be observed that in the embodiment of
Figure 11 that has a spherical ball replacing a laminated
abutment, movement of the pipe relative to the can has a
greater degree of freedom in rotation about the axis ZZ'
35 and any axis perpendicular to thereto, but without any
component in translation.



tubé). Movenents then give rise to deformation of the__torus with quid
being transferred within the torus. This is particularly suitable

bottomjoint and nore particularly so for,the exanple("
30 where a |l arge anount of clearance is rizlw red. It V\n’ lmumm ,mﬂr,
in the enmbodi nent of Figure 11 that has a spherical ball”répl4cifig & =

| ami nated abutnment, novenent of the pipe relative to the can has a
greater degr eELAAMEr eedom in rotation about the axis zZ 35 and any axis

per pendi cul ar 1{0at B@tebﬁ,—tbutsuwﬂah@%oaﬁyéct@@ﬁp@genteml aolpzhistiagi an. 17 M S
CLAIMS 1/ A botiomto-surface coggical ; %é %t submari ne

pi pe assenbl e§UHPBREEPeRIPEAESFMEaEH 9lﬁ eag a 8 (T?V%HFrgundlng
sai d pipe (2)caad1hmncahom15 suamsuﬁa)nbosapdlpupg daodaodnJUOCSapd pi pe at

{op and 30t RELAC! (59l 1o8hatlh 3348 £30 (1) dLbOUTRIChoBARa Pl PE

(2) passes, S ste erlze gunc |on means
conprise a rebpttemtoanélcﬁéaKﬁnoéﬁ Pfeﬁﬁbﬁecpﬁlﬁﬂ)(gﬁréﬁg nhéghasadAd

sai d pipe 10562k gb)aba%%@%t ene Qb skhe beln gn@haefat:%h:%lehl g@asthatr:6) of
said can (1); Ssaid resilient and | eakproof exi b Qint _includes a

| ani nat ed abut ment cﬁﬁﬁﬁl§Pﬁﬁt&°P|W§Fn§I$P@Pr€§e flfe§é&&P€& £8%ai d pi pe
or to said camea&ﬁdoafseqeﬁdblé goahe ((30, ak%hmb&édredouﬁdsaaddcgﬁper to

sai d pip ...Sai d_pl at.es,sandw chiin r | ast@emer., (7)
and ri gi re|§?§ % tiﬁgf% %d %I Pgstoglgs O%Ot%% a?éﬁEl% e, (37%6)
rei nf or cenent ofir egért cay éaﬁtaces of revolution about an axis constltuted

by the axis (22) of <B3a°akd1niiReARd oS Al iabab1c biptnd sl d

| am nat ed abut ment being rustoconi c | ane | am nat ed abut nment
constituted b}n§1ﬁﬁ€ﬁaﬁ|ﬂﬁméPaF§9eF§u6m9§Fa§P@P€#SG?ﬁ énélrﬁlgpéate

rei nforcenment (68) 1hn kkeureamtef ssuBEPRPEEdr to said can, and a second
15 plate (10, 12) secured to said can or to said pipe,
respectively, said plates sandwiching layers of elastomer
(7) and rigid reinforcement (8), said plates, elastomer
layers, and reinforcement presenting surfaces of
revolution about an axis constituted by the axis (ZZ') of
20 said pipe and said duct when at rest; and
said laminated abutment being:

- a frustoconical plane laminated abutment
constituted by a plurality of lavers of elastomer (7) and
rigid reinforcement (8) in the form of superposed

25 washers, including a rigid plate of frustoconical shape
(9) inscribed within a frustoconical envelope surface,
said frustoconical plate surmounting said plurality of
superposed layers of elastomer and rigid reinforcement;

- or else a cylindrical laminated abutment

30 constituted by a plurality of layers of elastbmer (7) and
rigid reinforcement (8) in the form of adjacent coaxial

tubes.

2/ A system according to claim 1, characterized in that
35 said junction means (3) comprise at least one of said
elastic and leakproof flexible joints at each of said

orifices (5, 6).



25 washers, including a rigid plate of frustoconical-shape (9) inscribed
within a frustoconi cal envel ope surface, said frust nlcal plate
surnounting said plurality of superposed,]ayers of Euﬂt, IIH
reinforcenent; . or else a cylindrical |antnated abu ted by
a plurality of | ayers of elastoner (7) and rigid relnforcenent in the
form of adj acent coaxial tubes. 2/ A systemaccording to cIa|n11
characterized in that 35 said junction nmeans (3) conprise at |east one of

said elastic3angd bg@%a&anchaihQIeojeua&ﬁ at oeagh ehagatderoili ¢as (5,
6). 18 IIII||I IIII AR RRRRARAR system grdlng to claim

1 or 2, charakbati saddi ArUERICORL fPE?FSCéﬁ) QPSpFaFSn?§? has a central
cylindrical caviltindgeeuledavityasecprpd. tb 4614 pypeem according to any one
of claims_ 1l to 3, characterized in that said |layers of elastomer (7) and
rigid reléforcenent (8) in the formof superposed washers are inscribed in
a frustoconi cdl/ @negistpr egcbxdéngl@osank opst of gdedmsi Agteo3any one of
claims 1 to 4 ha%Q%E%EBQEHZQQ ?B Ehéalaaugyh%@laﬁt%daakah@%nu7§oaae!ses an

inner cylindrica secured outer surface of said

pi pe and an oﬁﬂéﬁdcyﬁﬂﬁéPF§&mePFgN§)lﬁonQFefPIEB°§e§HP§HpP§e Wgsbgxs
preferably vi araniakesided ihaBIErubbcoblicAls gaelopectgugifaget.0 any one of
claims 1.to 5, characterized in that said frustoconical plane |am nated
20 abut méft is pl aced at the top end of said can above said top orifice (5)
and outsi de s&i/dacaysteém Acspstidmgatooadyngneo odnyledesofl thaidns 1 to 5,
! End chlrblileraieth (380000 2)1@&[&?1%,:'@ oBRAdn:20oRbYLTRAL 1S

pl aced at the tomen beneath sa pottom orifice (6)
and out si de saidinmer cyllndrlcal rlgl plate (11) secured to the

outer surface of said pipe and an outer cylindrical rigid
15 plate (12) secured to said can, preferably via an annular
flange (13).

6/ A system according to any one of claims 1 to 5,
characterized in that said frustoconical plane laminated
20 abutment is placed at the top end of said can above said

top orifice (5) and outside said can.

7/ A system according to any one of claims 1 to 5,

characterized in that said frustoconical plane laminated
25 abutment is placed at the bottom end of said can (1)

beneath said bottom orifice (6) and outside said can.

8/ A system according to any one of claims 1 to 7,
characterized in that it comprises:

30 - a frustoconical plane laminated abutment (3;) at
the top end of said can above the top orifice (5) of said
can; and

- a cylindrical laminated abutment (3,) at the bottom
end of said can, beneath the bottom orifice (6) of said

35 can.



8/ A system aceerding to—any one of clains 1 to 7, characterized in that
It conprises: 3 M@l pl ane | am nated abutnent (31) at the top
end of said can H“w gﬁ‘mﬂ“ﬁﬂmgifice (5) agf said can; and a cylindrical

| am nat ed abut «Dottom end”of said can, beneath the bottom
orifice (6) of said 35 can. - ------------ 111' 1111111121212 ~~1tirrrr1 19

*CL MS 9/ A systemaccording,to any one of clains 1 to 6, characterized
in that one oP/s&i 8YEEEMaRGCRERLBM &P PP¥eSNeoPEs5LaimEN1hES &-fl exi bl e and

| eakpr oof reschheattie@ikied ¢anshatubad bf @aialdopyhnadbbtabmla&umatea

but t, d 5 that th h h b
271 0rd bl at eO81 “PAOSFOCORPEAP ShEREIEL Ao d PAPGEP TEER LBFREaP A BE

frustoconicalcshspetheedgbylauaagd aylphﬁrhcaﬂoﬂam&ndtedaabupmane, and
preferabl y SUEHB%”EhQQP%B%rOEfS%h?dFg@&%ﬁ%@@ ﬁggtgﬁnéﬁutméﬁtlg m@aiéﬁée”‘

according to any one o characterize
frustoconlcalapragédaﬁlaﬁe pﬁtégp&tos@nﬂpéﬂ shaplgewpithe thes largeR bpseem

according to a@ysaaa %u%bc@bes&léatlosiaape eRangcheriizedd Bt Bek bbttom
conpri ses: frustogani cal plane | am nated abutnent (31) at ,the bottom

end of said c&ﬁdabéﬁédtR&aﬁﬁtPGﬁFSF?PFEéSPGPouéﬁ&ngngpﬁe°§a§éléan and 20
a cylindrical 1bathagedd adhtimentts.(32) at the top end of said can. 12/ A
systen1ai%ord|ng to any one of clainms 1 to 11, characterized in that said
flexible joint transmts 25 stresses at the junction: for tw sting
movenent s of 48/dApsyetesl acicpadang keasnyt ongxed €XAimsYY Yopérpendi cul ar

to the axis (ZRakacebrided GaNcnAUCRAlLRAEAR VLI Eh $abdePiReafan depart

integral portion of the pipe.

15 11/ A system according to any one of claims 1 to 10,
characterized in that it comprises:
- a frustoconical plane laminated abutment (3;) at
the bottom end of said can above the bottom orifice (6)
and inside said can; and
20 + a cylindrical laminated abutment (3,) at the top
end of said can.

12/ A system according to any one of claims 1 to 11,
characterized in that said flexible joint transmits

25 stresses at the junction:

for twisting movements of said pipe relative at

least to axes (XX', YY') perpendicular to the axis (ZZ')
of said can, such that the axis of said pipe can depart
angularly from the axis of said can at said orifices; and

30 - movement (s) including a component in translation
extending transversely to said pipe relative to said can
at least in directions (XX', YY') that are perpendicular
to the axis (ZZ') of said can, such that the axis of said
pipe can depart transversely from the axis of said can

35 within said orifices.



angularly fromthe axis of said can at said orifices; and 30 . novenent(Ss)
i ncluding a conponent in translation extending transversely to said pipe
relative to said can at least in directiggs (XX, YY') that are
perpendicular to the axis (ZZ') of said such that the axis of said
. pi pe can depart transversely fromthe axis of said can 35 within said

ifi sten1accor ding to any one of clains'l to 8,

orifices /
characterlzed1%2 §h§¥ EEMyaESATHARIaL Ol BR¥t OPRoCfafigimEat ey al ves
respectively agarasteexpédsnﬁnthae)samd cagahBast atMpkastoBwb2thtid t he

t of I k t f d t uat ed
‘noi de  sai d B3R5y [RLVHE FREPERULYBE B48Ph EHHLBFEPR 4Pd Pfioxi bl e
joint. 14/ A sgsinatatwpldemngnt ¢2ahyionehef evkaktneflat deiR, o&Burring
ChafaCterszedlh“thgétp59618H0¥§”§¥18fpigédwﬁEéﬂaﬁhnglﬁhQEed'Engigg'deg by

said floats w thout addi ng addi oni ng neans secure
fl oating supp®fid FEQI?{anﬁﬂﬁﬁlFhﬁlﬁnvﬁlppﬁlpflBald san or in said

flexible joint.

14/ A system according to any one of claims 1 to 13,

10 characterized in that the buoyancy of said submarine pipe
is provided by said floats without adding additional
tensioning means secured to the floating support.

I
L



