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DESCRIPTION

[0001] This invention concerns a buoyancy clamp assembly, and particularly but not
exclusively a buoyancy clamp assembly mountable around a subsea pipe.

[0002] In a number of instances it is required to provide a buoyancy clamp assembly on
subsea pipes. In particular it may be required to provide a buoyancy clamp assembly on pipes
used in subsea hydrocarbon extraction, and in particular subsea risers and umbilicals, to
reduce tension loads. Such subsea risers may extend between a subsea structure and a
surface vessel or platform.

[0003] WO2013/171521 discloses a clamp for mounting upon an elongate member such as a
riser to be deployed under water. W098/27373 discloses a buoyancy device to be clamped
around at least one longitudinal element.

[0004] According to the invention there is provided a buoyancy clamp assembly, the clamp
assembly including a clamping arrangement, which arrangement includes three or more
profiled arcuate members engageable together to clamp onto a pipe, each of the arcuate
members including a plurality of discrete resilient members on their inner faces which are
deformably engageable against a pipe when the clamping arrangement is clamped onto the
pipe, the discrete resilient members diverging in profile away from the arcuate members,
wherein the discrete resilient members have a solid profiled head, characterised in that the
solid profiled head extends from a hollow base, wherein the solid profiled head diverges both
longitudinally and laterally from the hollow base, and in a relaxed condition presents a concave
engagement face engageable with a pipe.

[0005] Each of the arcuate members may be substantially identical to each other.

[0006] The discrete resilient members may be elongate, and may have an axial longitudinal
direction.

[0007] The discrete resilient members may be made of natural rubber, neoprene or a resilient
plastics material.

[0008] Three or more discrete resilient members may be provided on each arcuate member.

[0009] Possibly, engagement members are provided extendable between adjacent arcuate
members to prevent relative twisting of adjacent arcuate members. The engagement members
may be configured to permit relative pivotal movement between adjacent arcuate members.

[0010] The engagement members may include a pair of engagement parts, each engageable
with a respective arcuate member, and a link member extending between the engagement
parts.
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[0011] The engagement parts may have a circular profile, and may rotatingly locate in
respective circular profile openings in the arcuate members.

[0012] The engagement parts may snap fit in the respective openings in the arcuate members.
[0013] The engagement members may be made of rubber, or a resilient plastics material.

[0014] A pair of engagement members may be provided extending between each adjacent
pair of arcuate members, and the engagement members may be provided on opposite radial
faces of the arcuate members.

[0015] Fastening assemblies may be provided engageable between adjacent arcuate
members.

[0016] The assembly may be configured such that when the arcuate members are brought
into contact with each other by the respective fastening assemblies, sufficient compressive
force will be applied by the discrete resilient members on to a pipe surrounded by the arcuate
members to clamp the assembly onto the pipe.

[0017] Each fastening assembly may include an elongate member extending parallel to the
axial direction in each arcuate member, with a fastening arrangement extendable between the
elongate members on adjacent arcuate members. Alignable holes may be provided in the
elongate members through which the fastening arrangement is extendable.

[0018] The fastening arrangement may include a threaded member which may be a bolt, with
a nut or nuts engageable therewith.

[0019] The elongate members may rotatably locate in passages extendable through the
arcuate members, and the passages at each end may provide the openings which locate the
engagement member engagement parts. The engagement member engagement parts may
be engageable with ends of the elongate members, and may help to retain the elongate
members in the passages.

[0020] Outwardly open recesses may be provided in the outside of the arcuate members,
which recesses locate respective fastening arrangements such that the fastening
arrangements do not extend outwardly beyond the arcuate members.

[0021] Cover members may be provided to close off the recesses, and the cover members
may snap fit on the openings to the recesses.

[0022] The buoyancy clamp assembly may include a plurality of axially adjacent clamping
arrangements.
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[0023] In one configuration the clamping arrangements are radially offset relative to each
other, and may be offset by around 60°.

[0024] In another configuration, the clamping arrangements are radially aligned, with
respective fastening assemblies adjacent each other. Common fastening assembly elongate
members may be provided which extend through adjacent arcuate members, such that each
elongate member forms part of multiple adjacent fastening assemblies.

[0025] The buoyancy clamp assembly may also include a buoyancy arrangement which is
mountable on the clamping arrangement or arrangements. The buoyancy arrangement may
be profiled to receive and surround a respective clamping arrangement or arrangements.

[0026] The buoyancy arrangement may include a hollow member which may be made of
plastics material, which may be nylon. A filling may be provided in the hollow member, which
filling may be a foamed material and may be a syntactic foam.

[0027] The buoyancy arrangement may include a plurality of hollow members engageable
together around a clamping arrangement or arrangements, and a clamp member or members
may be provided which surrounds the hollow member or members.

[0028] In one embodiment two hollow members are provided, which hollow members may be
substantially identical.

[0029] Embodiments of the present invention will now be described by way of example only
and with reference to the accompanying drawings, in which:-

Fig. 1 is an end view of a clamping arrangement according to the invention;
Fig. 2 is a side view of the arrangement of Fig. 1;

Fi

g. 3 is a perspective view of the arrangement of Fig. 1;

Fi

g. 4 is a slight perspective side view of the arrangement of Fig. 1 with a cover fitted;
Fig. 5 is a cross sectional end view of the arrangement of Fig. 1;
Fig. 6 is a cross sectional view along the line A-A of Fig. 1;

Fi

g. 7 is an end view of the arrangement of Fig. 1 in a position ready to be fitted onto a pipe;

Fi

g. 8 shows the arrangement of Fig. 1 being fitted onto a pipe;

Fi

g. 9 is a perspective end view of the arrangement of Fig. 1 mounted on a pipe;

Fi

g. 10 is a side view of the arrangement of Fig. 1 mounted on a pipe;

Fi

g. 11 is an end view of the arrangement of Fig. 1 mounted on a pipe;
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Fig. 12 is a perspective view of a buoyancy clamp assembly according to the invention;
Fig. 13 is a cross sectional side view through the assembly of Fig. 12;

Fig. 14 is a perspective end view showing two arrangements according to the invention
mounted on a pipe in a first configuration;

Fig. 15 is a side view of the two arrangements of Fig. 14 mounted on a pipe;
Fig. 16 is an end view of the two arrangements of Fig. 14 mounted on a pipe;
Fig. 17 is a sectional view along the line A-A of Fig. 16;

Fig. 18 is a perspective end view of two clamping arrangements according to the invention
mounted on a pipe in a second configuration;

Fig. 19 is a similar view to Fig. 18 but of three clamping arrangements mounted on a pipe;

Fig. 20 is a perspective end view of the clamping arrangements of Fig. 19 mounted on a pipe
and with covers fitted;

Fig. 21 is a side view of the clamping arrangements of Fig. 20;
Fig. 22 is an end view of the clamping arrangements of Fig. 19;

Fig. 23 is a side view of a first component of the clamping arrangement according to the
invention;

Fig. 24 is an end view of the first component;

Fig. 25 is a perspective top view of the first component;

Fig. 26 is a view from beneath of the first component;

Figs. 27 and 28 are respectively sectional views along the lines A-A and B-B of Fig. 26;

Fig. 29 is a side view of a second component of a clamping arrangement according to the
invention;

Fig. 30 is an end view of the second component;

Fig. 31 is a top view of the first component;

Fig. 32 is a perspective underneath view of the second component;

Fig. 33 is a underneath view of the second component;

Figs. 34 and 35 are respectively sectional views along the lines A-A and B-B of Fig. 33;

Fig. 36 is a top view of a third component of a clamping arrangement according to the
invention;
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Fig. 37 is an underside view of the third component;
Fig. 38 is a side view of the third component; and

Fig. 39 is a top perspective view of the third component.

[0030] The drawings show in Fig. 1 and other figures, a clamping arrangement 10 of a
buoyancy clamp assembly. The arrangement 10 includes three identical arcuate members 12
engageable together to define a ring as shown for example in Fig. 1. Each of the arcuate
members 12 comprises a hollow profiled plastics material body made for instance of nylon.
Three discrete resilient members 14 are provided on the inner face of each arcuate member
12, and are shown in greater detail in Figs. 23 - 28.

[0031] A respective fastening assembly 16 is provided selectively engageable between each
adjacent pair of arcuate members 12. Each fastening assembly 16 comprises a respective
elongate member 18 locatable in a respective passage 20 provided extending parallel to an
axial direction, adjacent each end of the arcuate members 12. The elongate members 18 are
rotatably mounted in the respective passages 20. Each elongate member 18 has an alignable
hole 22, which is alignable with a similar hole 22 in an adjacent elongate member 18.

[0032] An outwardly open profiled recess 24 is provided centrally on the outside of each end of
the arcuate members 12, which provides access to central parts of the elongate members 18,
and particularly the alignable holes 22 therein. A fastening arrangement 26 is provided
engageable between respective adjacent elongate members 18.

[0033] Each fastening arrangement 26 includes a bolt 28 with a head 30 and a least partially
threaded shank. A nut 34 is threadably engageable on the bolts 28 such that with the bolt 28
extending through aligned holes 22 in adjacent elongate members 18 with the head 30
engaging via a washer 36 on the outer side of a one elongate member, and the nut 34 via a
further washer 38 engageable on the outer side of the other elongate member 18, adjacent
arcuate members 12 can be held together abutting each other to provide a ring as shown for
instance in Figs. 1 - 3.

[0034] A cover member 40 is provided across recesses 24 in adjacent arcuate members 12, to
close off the recesses 24. The cover member 40 is shown in Fig. 4 and in more detail in Figs.
36 - 39.

[0035] A pair of engagement members 42 are provided extendable between each adjacent
pair of arcuate members 12. The engagement members comprise a circular section
engagement part 44 locatable in a snap fit, but so as to permit rotatable movement, in the
respective end of a passage 20. When in the end of a passage 20 the engagement part 44 will
also rotatingly engage the end of a respective elongate member 18. A link member 46 in the
form of a web extends between each engagement part 44.
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[0036] Figs. 29 - 35 show the engagement members 42 in more detail. Each engagement part
44 has a circular head 48 which is larger than the cross section of the passages 20, and is
therefore engageable against the end thereof. A gently tapering hollow body 50 extends from
the head 48 so as to be locatable in an end of a one of the passages 20. Arib 52 is provided
on the outside of the body 50 part way therealong, to retain the engagement part in a
respective passage 20. The opening 54 in the hollow body 50 is of a size to slidingly receive an
end of an elongate member 18.

[0037] The cover member 40 is shown in more detail in Figs. 36 - 39 and has an arcuate head
56 of a size to close a pair of adjacent recesses 24. Arib structure 58 is provided on the inner
side of the head 56 to locate and retain the cover member 40 in a friction fit in a pair of
adjacent recesses 24.

[0038] A one of the discrete resilient members 14 is shown in more detail in Figs. 24-28. The
resilient member 14 has a hollow base 60 with an outwardly extending lip 62 to facilitate
mounting thereof on a respective arcuate member 12. A solid profiled head 64 extends from
the base 60. As can be seen, the resilient member 14 is oval, with its longitudinal direction
extending axially. The profiled head 64 diverges both longitudinally and laterally from the base
60 and presents a concave engagement face 66. The resilient member 14 may be made of
rubber or neoprene.

[0039] Fig. 7 shows the clamping arrangement 10 opened outwardly so as to be engageable
for instance with a pipe 68. In this instance the fastening arrangement 26 between two of the
arcuate members 12 has been undone such that the bolt 28 remains on a one of the arcuate
members 12 and is released from the elongate member 18 on the other arcuate member 12.
The two other fastening arrangements 26 and the respective engagement members 42 permit
the two separated arcuate members to pivot outwardly relative to the other arcuate member.

[0040] Fig. 8 shows the arrangement 10 being mounted on the pipe 68. Once in position the
respective bolt 28 can engage with the elongate member 18 on the adjacent arcuate member
and can be tightened onto the pipe 68. As the clamping arrangement 10 is tightened onto the
pipe 68 the discrete resilient members 14 will deform and provide a strong clamping force on
the pipe 68. It is to be realised that the discrete resilient members 14 can also adapt to
changes in a shape and/or size of the pipe 68 due for instance to changes in temperature, and
particularly of fluid flowing through the pipe 68, and also if the pipe 68 may tend to expand at
all if the internal pressure is increased.

[0041] The arrangement 10 is configured such that when the respective arcuate members 12
are brought into contact with each other by the respective fastening assemblies 16, around the
pipe 68, the arrangement 10 will be clamped onto the pipe 68 by the resilient members 14.
This configuration means that it is not necessary to apply a particular torque to the fastening
assemblies 16 as has often been the case with prior proposals. This means that it is not
necessary to have to use particular equipment, often in difficult working conditions, to apply a
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predetermined torque to the fastening assemblies.

[0042] Engagement members 42 are provided either side of the undone fastening
arrangement 26 to retain the elongate members 18 in place. One pair of members 42 will be
removed when the arrangement 26 is closed. Figs. 9 - 11 show the clamping arrangement 10
mounted on the pipe 68.

[0043] Figs. 14 - 17 show a clamp assembly with two clamping arrangements 10 radially
aligned with each other. In this instance common longer elongate members 70 have been
provided which extend through both of the clamping arrangements, and each elongate
member has two alignable holes 72 through which respective bolts 28 can extend.

[0044] Such an arrangement could be used where a greater clamping force is required than
could be provided by a single clamping arrangement 10. Obviously more than two clamping
arrangements 10 could be used in such an arrangement if required.

[0045] Fig. 18 shows a further clamp assembly again with two clamping arrangements 10. In
this instance each of the clamping arrangements 10 is offset by about 60° relative to each
other. In this instance separate elongate members 18 are provided in each clamping
arrangement. With this arrangement the adjacent clamping arrangements urge the respective
engagement members 42 in position.

[0046] In this arrangement the engagement members 42 are offset, therefore providing
greater resistant to twisting of the respective arcuate members 12. Also the discrete resilient
members 14 in adjacent clamping arrangements are offset, thereby spreading the gripping
load around the pipe 68.

[0047] Figs. 19 - 22 show a third clamp assembly with three clamping arrangements 10, with
the cover members 40 removed in Fig. 19. In this instance the central clamping arrangement
10 is radially offset again by around 60° relative to the two end clamping arrangements 10
which are radially aligned relative to each other.

[0048] Figs. 12 and 13 show a clamp assembly also including a buoyancy arrangement 74.
The buoyancy arrangement includes a two part 78 hollow buoyancy member 76, which has
identical parts. Each part 78 has an internal profile with a rectangular section recess 80 to
receive a clamping arrangement 10, and diverging passages 82 extending each way from the
recess 80 to receive a pipe 68. The two parts 78 are held together by straps 84 engaging with
circumferential grooves 86 in the part 78. Each of the parts 78 is hollow and may be filled with
a buoyancy material such as a foamed material which may be a syntactic foam. Different
buoyancy members may be provided with different buoyancy materials depending on the
amount of buoyancy required.

[0049] There is thus described a buoyancy clamp assembly, and also clamping arrangements
for such an assembly which can readily be located in position yet securely locate on a pipe
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even during variations in the size and/or profile of the pipe. The system is modular and can
permit temporarily or permanently differing numbers of clamping arrangements to be used,
and in different orientations. As indicated different buoyancy materials may be provided in the
buoyancy members as required.

[0050] The provision of the cover members prevents water flowing past the fastening
arrangements and hence marine growth thereon, which flowing water is required for growth.

[0051] The design of the discrete resilient members, and particularly the profile of the
engagement face provides a friction grip against the pipe when located in position, and
provides increased surface contact. This profile also can accept deviations in the pipe surface
whilst retaining consistent clamping pressure, even during expansion and contraction of the

pipe.

[0052] The engagement members ensure the elongate members are retained in place. They
also prevent relative twisting between the arcuate members, and particularly bearing in mind
only a single bolt extends between each adjacent arcuate member. By using such an
arrangement with only a single bolt, this reduces the weight of the clamping arrangement
relative to prior arrangements, and thus reduces the buoyancy requirement.

[0053] Various modifications may be made without departing from the scope of the invention.
For instance the clamping arrangement may be made up of more than three arcuate
members. A different number of discrete resilient members may be provided on each arcuate
member. Different materials could be used in some or all of the components of the
arrangement and assembly.
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Patentkrav

1. Opdriftsklemmeanordning, idet klemmeanordningen indbefatter en klemme-
indretning (10), hvilken indretning (10) indbefatter tre eller flere profilerede
bueformede elementer (12), der kan ga i indgreb med hinanden for at klemme
pa et regr (68), idet hvert af de bueformede elementer (12) indbefatter en flerhed
af adskilte eftergivelige elementer (14) pa deres indre flader, der kan ga defor-
merbart i indgreb mod et rer (68), nar klemmeindretningen (10) klemmes pa
reret (68), idet de adskilte eftergivelige elementer (14) divergerer i profil veek
fra de bueformede elementer (12), hvor de adskilte eftergivelige elementer
(14) har et fast profileret hoved (64), kendetegnet ved, at det faste profilerede
hoved (64) streekker sig fra en hul basisdel (60), hvor det faste profilerede ho-
ved (64) divergerer bade i leengderetningen og lateralt fra den hule basisdel
(60) og i en afspaendt tilstand har en konkav indgrebsflade (66), der kan ga i
indgreb med et rar (68).

2. Opdriftsklemmeanordning ifglge krav 1, hvori hvert af de bueformede ele-
menter (12) i det vaesentlige er identiske med hinanden.

3. Opdriftsklemmeanordning ifelge et af de foregaende krav, hvori tre eller
flere adskilte eftergivelige elementer (14) er tilvejebragt pa hvert bueformede
element (12).

4. Opdriftsklemmeanordning ifelge et af de foregaende krav, hvori indgrebs-
elementer (42) er tilvejebragt forleengeligt mellem naboliggende bueformede
elementer (12) for at forebygge relativ snoning af naboliggende bueformede
elementer (12).

5. Opdriftsklemmeanordning ifelge krav 4, hvori indgrebselementerne (42) er
udformet til at muliggere relativ drejelig bevaegelse mellem naboliggende bue-
formede elementer (12).

6. Opdriftsklemmeanordning ifalge krav 4 eller 5, hvori indgrebselementerne
(42) indbefatter et par indgrebsdele (44), der hver iseer kan ga i indgreb med
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et respektivt bueformet element (12), og et forbindelseselement (46), der
straekker sig mellem indgrebsdelene (44), indgrebsdelene (44) kan have en
cirkuleer profil og er anbragt roterbart i respektive cirkuleere profilabninger i de
bueformede elementer, og indgrebsdelene (44) kan eventuelt snapkobles i de
respektive abninger i de bueformede elementer (12).

7. Opdriftsklemmeanordning ifalge et af de foregaende krav, hvori fastgerel-
sesanordninger (16) er tilvejebragt saledes, at de kan ga i indgreb mellem na-
boliggende bueformede elementer (12), og anordningen kan eventuelt veere
udformet saledes, at nar de bueformede elementer (12) bringes i kontakt med
hinanden ved hjeelp af de respektive fastgerelsesanordninger (16), vil tilstraek-
kelig kompressionskraft paferes af de adskilte eftergivelige elementer (14) pa
et rar (68), der er omgivet af de bueformede elementer (12) for at fastklemme
anordningen pa reret (68).

8. Opdriftsklemmeanordning ifelge krav 7, hvori hver fastgerelsesanordning
(16) indbefatter et aflangt element (18), der streekker sig parallelt med aksial-
retningen i hver bueformet element (12), idet en fastgarelsesanordning (26)
kan forlaeenges mellem de aflange elementer (18) pa naboliggende bueformede
elementer (12), huller (22), der kan justeres i forhold til hinanden, kan veere
tilvejebragt i de aflange elementer (18), hvorigennem fastgarelsesanordningen
(26) kan forleenges, og fastg@relsesanordningen (26) kan indbefatte et gevind-
element.

9. Opdriftsklemmeanordning ifelge et af de foregéende krav, hvori udsparinger
(24), der er abne udadtil, er tilvejebragt i ydersiden af de bueformede elemen-
ter (12), hvilke udsparinger (24) positionerer respektive fastgerelsesanordnin-
ger (26) saledes, at fastgerelsesanordningerne (26) ikke straekker sig udad ud
over de bueformede elementer (12).

10. Opdriftsklemmeanordning ifelge et af de foregaende krav, hvori opdrifts-
klemmeanordningen indbefatter en flerhed af aksialt naboliggende klemme-
indretninger (10), og klemmeindretningerne (10) kan veere radialt forskudt i



DK/EP 3341637 T3

forhold til hinanden og kan veere forskudt med ca. 60°.

11. Opdriftsklemmeanordning ifelge et af de foregaende krav, hvori opdrifts-
klemmeanordningen ogsa indbefatter en opdriftsanordning (74), der kan mon-
teres pa klemmeindretningen (10) eller -indretningerne (10), og opdriftsanord-
ningen (74) kan veere profileret til at modtage og omgive en respektiv klemme-
indretning (10) eller -indretninger (10).
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DRAWINGS
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