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~~ rigid members (5, 16, 17, 18), which maintain a fixed distance between the holding sleeves (2, 3) and thereby the geometry of the
pipe section disposed between the holding sleeves, in several different ways, via connections between the first and second holding
sleeves and/or via connections between their respective rigid connecting mem bers. The invention ensures that the forces acting on
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A bending-restricting anchoring arrangement and an anchored fiexible pipe

structure

The invention relates to a bending-restricting anchoring arrangement for
anchoring a flexible pipe between a surface vessel and subsea installation.
The pipe can e.g. be anchored to the seabed or to another fixed structure.

The invention also relates to an anchored flexible structure.

An anchoring arrangement for minimizing overbending of a pipe is known
e.g. from US Patent No. 4 906 137. In this anchoring arrangement, all parts
of the pipe disposed between the first anchoring point and a fixed end point
must be in the same plane. In addition, the angle of the part of the pipe,
which is positioned in immediate extension of the first anchoring point and
projected on the plane spanned by the lower part of the pipe between the
first anchoring point and the fixed end point, must be within narrow limits. In
other words, it must be ensured that this part of the pipe, when being bent
does not result in an overbending of the pipe between the first anchoring

point and the fixed point.

An object of the invention is to provide a’bending-restricting anchoring
arrangement for anchoring of a flexible pipe wherein the risk of overbending

the pipe is reduced or even avoided.

The object of the invention is achieved by a bending-restricting anchoring

arrangement of the type defined in the claims.

Thus, according to the invention the bending-restricting anchoring
arrangement comprises a first and a second holding sleeve. The holding
sleeve being secured to the pipe at a distance from each other e.g. 0.5-20
or 1-10 meters. The distance can be selected in dependence of the
thickness of the pipe, the flexibility of the pipe and the expected bending

CONFIRMATION COPY
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inducing movement of the pipe. The sleeves may e.g. be adapted to hold a
section of the pipe near the seabed. The first holding sleeve is pivotally
secured via a rigid main cbnnecting member to a main anchoring unit to
which the pipe is to be anchored. The first holding sleeve is thereby
secured at a fixed distance to the main anchoring unit. The distance and
thereby the length of the main anchoring unit may preferably be between 1
and 19 m, such as between 1 and 10 m. In a preferred embodiment the
length of the main anchoring unit is between 10 an 90 % of the length of the
distance between the first and the second sleeves when they are mounted
to a pipe. The first sleeve is movable with respect to the main anchoring

unit, but the distance is fixed.

In one embodiment, the second holding sleeve is secured to the first
holding sleeve via a mechanical coupling (11). The mechanical coupling
may in principle be any kind of mechanical coupling capable of transferring
movements of the first holding sleeve and thereby movements of the rigid
main connecting member to the second holding sleeve and visa verse.
Thereby the second holding sleeve may be movable in a well-defined
manner in relation to the movement to the movement of the main rigid

connecting member.

In one embodiment, the second holding sleeve is secured to the first
holding sleeve via a mechanical coupling (11) and the main rigid connecting
member (5). In this embodiment the mechanical coupling is interposed
between the second holding sleeve and the rigid main connecting member.
The mechanical coupling may be as above. Thereby the second holding
sleeve may be movable in a well-defined manner in relation to the

movement to the movement of the main rigid connecting member.

Thus, according to the invention also the second holding sleeve is movable

with respect to the main anchoring unit, and the movements is coordinated
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with the movement of the rigid connecting member. Thus, an anchoring
arrangement has been provided whereby the first and the second holding
sleeves being movable with respect to the main anchoring unit, and
wherein the movement of the two holding sleeves being coordinated with
each other, so that the risk of overbending of the pipe is very small or even

practically avoided.

The anchoring unit may e.g. be fixed to the seabed or to another fix point

e.g. a subsea structure.

In one embodiment where the pipe has a lower section is adapted to be
placed along the seabed, and a upper section leading the pipe to a surface
vessel, and the anchoring arrangement is placed or adapted to be placed in
its curved transition section, the transition section of the pipe will maintain
its curved shape, as forces affecting the first holding sleeve will cause the
second holding sleeve to move in a well-defined manner in relation to the
first holding sleeve, such that the transition section of the pipe is not

subjected to harmful bending forces.

The connections between, respectively, the main connection member to the
main anchoring unit and the holding sleeve, as well as other connections,
which are connecting connecting members to the respective elements of
the anchoring arrangements may in principle be of any type, provided that
the pivotally movements as defined in the claims being pdésibly. In one
embodiment one or more of this connection may e.g. be provided with one

or more hinge joint, and ball-socket joint

In one embodiment the main rigid connecting member is secured to the
main anchoring unit by a hinge joint, said main rigid connecting member (5)
preferably being secured to the secured first (2) holding sleeve by a hinge

joint.
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In one embodiment of the anchoring arrangement according to the
invention, the second holding sleeve is connected to the anchoring unit by a
sleeve support. The sleeve support should preferably be movable along the
anchoring unit. In this embodiment it is preferred that the anchoring unit
comprise a protruding floor adapted to be placed on and along the seabed
and that the movable support is connected to the protruding floor and is
movable along the protruding floor. The sleeve support may e.g. be
connected to be movable along a slit. In one embodiment the sleeve
support is provided With wheel, and the connection is provided by the
weight of the pipe, so that the sleeve support is capable to move along the
protruding floor e.g. with an area of the floor limited with a borderline along
the protruding floor. In a variation of this embodiment the protruding floor is
replaced be a separaté floor separated from the anchoring unit but placed

with a fixed distance to the anchoring unit.

In the above embodiments comprising a sleeve is ensured that the axial
forces provided on the lower part of the pipe is reduced, and thereby the

lower part of the pipe may not have to absorb considerable, axial forces.

In one embodiment of the invention, the mechanical coupling comprise one
secondary rigid connection member, which is pivotally connecting the
second holding sleeve to the first holding sleeve or the main rigid
connecting member. In this embodiment the second holding sleeve may
advantageously be supported by a sleeve support as described above. This

structure is relatively easy to implement and thereby relatively cheap.

In one embodiment of the invention, wherein the secondary rigid connection
member is connected to the second holding sleeve and to the main rigid
connecting member, the connection between the secondary rigid
connection member and the main rigid connecting member may be

provided at a sﬁbstantially distance to the connections between the main



10

15

20

25

30

WO 03/012327 PCT/DKO02/00524

5

rigid connecting member and the anchoring unit. The closer the connection
is placed to the first holding sleeve, the more of the movements of the first
holding sleeve relative to the main anchoring unit will be transferred to the
second holding sleeve. In one embodiment it is desired that the distance of
the connection between the secondary rigid connection to the second
holding sleeve and the main rigid connecting member to the anchoring unit
is at least 10 % such as at least 15 %, such as between 25 and 95 % of the
length of the main rigid connecting member between the respective

connections to the first holding sleeve and the anchoring unit.

In one embodiment of the anchoring arrangement according to the
invention the mechanical coupling comprise one or more secondary rigid
connection members pivotally connecting the second) holding sleeve to the
first holding sleeve or the main rigid connecting member (5). If there is more
than one secondary rigid connection members these secondary rigid

connection members may e.g. be pivotally connected to each other.

In one embodiment where there is more than one secondary rigid
connection members pivotally connected to each other, it is desired that the
anchoring arrangement, for each connection members more than one,
which are pivotally connected to each other and directly connects the
second holding sleeve to the first holding sleeve or the main rigid
connection member, thé mechanical coupling comprises an additional
secondary rigid connection member linking the pivotally connected
connection members that directly connecting the second holding sleeve to
the first holding sleeve or the main rigid connection member, to a fixed point
in relation to the main anchoring unit, e.g. to the main anchoring unit or to a

secondary anchoring unit fixed to the seabed.

Thereby it is ensured that a movement provided by the first sleeve will be

transferred to the second sleeve.
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The above embodiment where the mechanical coupling comprises two or
more secondary rigid connection members, anchoring arrangements are
provided which are suitable in particular where the conditions of the bed are

not suitable for supporting a movable support lying on the bed.

In one embodiment according to the invention, wherein the mechanical
coupling comprise 3 secondary rigid connection members, a second, a third
and a fourth rigid members, and wherein the second rigid member is
pivotally connected to the first holding sleeve or to the rigid main connecting
member, and to the fourth rigid member, and the fourth rigid member
further is pivotally connected to the first holding sleeve, the third rigid
member is pivotally connecting the connected second and fourth rigid
members to an anchoring unit. The anchoring unit may e.g. be the main
anchor unit or it may be a secondary anchoring unit, which may or may not
be linked to the main anchoring unit. In use the main and the secondary
anchoring unit or units should preferably be place with a fixed distance to
each other, more preferably the anchoring unit should be fixed in position

relative to each other.

In this just described embodiment wherein, the second rigid member is
pivotally secured to the main rigid connecting member, the connection
between the second rigid connection member and the main rigid connecting
member may e.g. be prdvided at a substantially distance to the connection
between the main rigid connecting member and the anchoring unit, e.g. at a
distance of at least 10 %, such as at least 15 %, such as befween 25 and
95% or even up to 100 % of the length of the main rigid connecting member
between the respective connections to the first holding sleeve and the

anchoring unit.

The invention also relates to an anchored flexible pipe structure for the

transport of a fluid from a seabed to a sea surface, wherein the structure
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comprising a bending-restricting anchoring arrangement as described

above.

In one embodiment the pipe is secured to the seabed between its two ends,

a first end of the pipe being in liquid connection with a subsea installation

such, as an oil field installation, and a second end of the pipe being in liquid

connection with a surface vessel, such as a floating structure e.g. a

platform or a ship.

The pipe may be any type of pipe e.g. a reinforced flexible pipe.

The invention will now be explained more fully with reference to the em-

bodiments shown in the drawing, in which

fig. 1

fig. 2

figs. 2a, 2b

fig. 3a

fig. 3b

fig. 4

shows the basic structure of a bending-restricting attach-

ment arrangement according to the invention,

shows a first embodiment of the bending-restricting attach-

ment arrangement according to the invention,

show the embodiment of fig. 2 seen from the left and in

two positions,

shows a second embodiment of the bending-restricting at-

tachment arrangement according to the invention,
shows a variant of the embodiment of fig. 3a, while

shows the bending-restricting attachment arrangement in-

corporated in an offshore system.
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In fig. 1, 1a, 1b, 1c designate three sections of a pipe, e.g. a pipe for use in
connection with offshore installations. The pipe has a lower section 1c
adapted to be placed along the seabed, and a upper section 1a leading the

pipe to a surface vessel, and a curved transition section 1b.

A holding sleeve 2 is mounted on the pipe between the sections 1a and 1b,
capable of absorbing most of or all the tensile forces that affect it. 5
designates a main rigid connecting member whose one end 7 is secured to
the holding sleeve 2, while its other end 6 is secured by means of a hinge

to a fixed anchoring unit 6 on a seabed 8.

A second attachment sleeve 3 is secured on the pipe between the sections
1b and 1c, and this second attachment sleeve is secured at an attachment

point 4 to a movable sleeve support 9.

A mechanical coupling 11 is arranged between the holding sleeves 2 and 3,
which is shown here as a coupling whose one end is secured (shown sym-
bolically by a black arrow) to the main rigid member 5, while its other end
(also shown symbolically by a black arrow) is secured to the second

connecting sleeve 3.

The arrangement shown in fig. 1 operates in the manner that movements of
the main rigid member 5 will result in a movement of the attachment sleeve

3 which may be a rotary or translatory movement or combinations of these.

Because of the movement of the attachmenf sleeve 3 it is desired that the
third section 1c of the pipe between the attachment sleeve 3 and a rigid
fixation 22 has a certain mobility. In the shown embodiment, the sleeve
support is supplied with wheels and is placed on a protruding part 6a of the
anchoring unit 6. Several methods may be applied for ensuring this

mobility, the preferred method being to place the anchoring unit such that
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the section 1c of the pipe does have its concave part facing toward the rigid

fixation 22 of the pipe.

Fig. 2 shows an embodiment of the invention in which the mechanical coup-
ling between the main rigid connecting member 5 and the movable,
secondary holding sleeve 3 of the pipe is formed by a further rigid member
14. |

Figs. 2a and 2b show the structure of fig. 2 seen from the left, where fig. 2a
shows a position in which the main rigid member 5 is in a vertical position,
while in fig. 2b it is shown with a bend caused by the application of a force.
This bend is possible since, as mentioned, the main rigid member 5 is
hinged to the bed.

Figs. 3a and 3b show two embodiments in which the mechanical coupling
between the attachment sleeves 2, 3 includes 3 secondary rigid members
16, 17 and 19.

A second rigid member 16 extends from a position 13 on the main rigid
member 5 or a position 19 on the first holding sleeve 2, and has its opposite
end secured to one end of third 17 and fourth 18 rigid members at a link 14.
The other end of the third rigid member is hinged to the seabed at the point
15, while the fourth 18 rigid member is connected to the second holding

sleeve 3.

In fig. 4, the embodiment of the invention of fig. 1 is shown in a setup in
which a flexible pipe extends from a vessel 21. As will be seen, the flexible
pipe extends in chain line shape from the vessel 21 down to a fixed
installation on the seabed. The flexible pipe is provided with buoyancy
members 20 in the vicinity of the section 1a of the flexible pipe and in a

direction toward the vessel 21, as is known.
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Although the invention has been explained in connection with specific em-
bodiments, the mechanical coupling according to the invention may be
modified within the scope of the claims. The decisive point is that the hold-
ing sleeves are coupled together such that the pipe section 1b cannot be

bent unduly.

Finally, it should be noted that although the invention has mainly been ex-
plained in connection with subsea installations which are anchored to a
seabed, nothing prevents the principles of the invention from being applied

in connection with pipes which e.g. connect two floating structures.
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PATENT CLAIMS

1. A bending-restricting anchoring arrangement for anchoring of a flexible
pipe (1a, 1b, 1c), said anchoring arrangement comprises a first (2) and a
second (3) holding sleeve, each holding sleeve, spaced from each other,
capable of being secured to the pipe, said first (2) holding sleeve being
pivotally secured via a rigid main connecting member (5) to a main
anchoring unit (6) to which the pipe is to be anchored, said second (3)
holding sleeve being secured to the first (2) holding sleeve via a mechanical
coupling (11) and optionally via the rigid main connecting member (5),
whereby the second (3) holding sleeve being movable, the movements

being coordinated with the movement of the rigid connecting member.

2. An anchoring arrangement according to claim 1, wherein the main rigid
connecting member (5) is secured to the main anchoring unit (6) by a hinge
joint, said main rigid connecting member (5) preferably being secured to the

secured first (2) holding sleeve by a hinge joint.

3. An anchoring arrangement according to any one of the claims 1 and 2,
wherein the second holding sleeve (3) being connected to the anchoring
unit (6) by a sleeve support (9), which sleeve support being movable along
the anchoring unit (6) said anchoring unit (6) preferably comprises
protruding floor (6a) adapted to be placed on and along the seabed (8),
said movable support (9) being connected to the protruding floor (6a) and

being movable along the protruding floor (6a).

4. An anchoring arrangement according to any one of the claims 1-3,
wherein the mechanical coupling comprises one or more secondary rigid
connection members (14, 16, 17, 18) pivotally connecting the second (3)
holding sleeve to the first (2) holding sleeve or the main rigid connecting

member (5), said secondary rigid connection members if more than one,
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preferably being pivotally connected to each other.

5. An anchoring arrangement according to any one of the claims) 1-4,
wherein the mechanical coupling comprises one secondary rigid connection
member (14,) pivotally connecting the second (3) holding sleeve to the first

(2) holding sleeve or the main rigid connecting member (5).

6. An anchoring arrangement according to claim 5, Whérein said secondary
rigid connection member (14) being connected to the second (3) holding
sleeve and to the main rigid connecting member (5), said connection of the
secondary rigid conne:ction member (14) to the main rigid connecting
member (5) being at a substantially distance to the connection between the
main rigid connecting member (5) and the anchoring .unit (6), wherein a
substantially distance means at least 10 %, such as at least 15 %, such as
between 25 and 95 % of the length of the main rigid connecting member (5)
between the respective connections to the first (3) holding sleeve and the

anchoring unit (6).

7. An anchoring arrangement according to any one of the claims 1 — 4,
wherein the mechanical coupling (11) cofnprises 3 secondary rigid
connection members, a second (16), a third (17) and a fourth (18) rigid
members, wherein the second (16) rigid member is pivotally connected to
the first holding sleeve (2) or the rigid main connecting member (5), and to
the fourth rigid member (17), which fourth rigid member further is pivotally
connected to the first (3) holding sleeve, the third rigid member (17) is
pivotally connecting the connected second and fourth rigid members to an
anchoring unit (15), said anchoring unit preferably being a secondary

anchoring unit.

8. An anchoring arrangement according to 7 wherein, the second (16) rigid

member being pivotally secured to the rigid main connecting member (5), at
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a substantially distance to the connection between the main rigid
connecting member (5) and the anchoring unit (6), wherein a substantially
distance means at least 10 %, such as at least 15 %, such as between 25
and 95% of the length of the main rigid connecting member (5) between the

respective connections to the first (3) holding sleeve and the anchoring unit

(6).

9. An anchored flexible pipe structure for the transport of a fluid between a
seabed to a sea surface, comprising a bending-restricting anchoring

arrangement according to any one of the preceding claims.

10. An anchored flexible pipe structure for the transport of a fluid between
a seabed to a sea surface, said structure comprises a flexible pipe (1a, 1b,
1c) and an anchoring arrangement for anchoring the flexible pipe (1a, 1b,
1c¢) to the seabed (8), said anchoring arrangement comprise a first (2) and
second (3) holding sleeves, each holding sleeve, spaced from each other,
is secured to the pipe, said first (2) holding sleeve being pivotally secured
via a rigid main connecting member (5) to a main anchoring unit (6) to
which the pipe is thereby anchored, said second (3) holding sleeve being
secured to the first (2) holding sleeve via a mechanical coupling (11) and
optionally via the rigid main connecting member (5), whereby the second
(3) holding sleeve being movable so that movements of the second (3)
holding sleeve and the rigid connecting member (5) being coordinated with

each other.

11. An anchored flexible pipe structure according to claim 10, wherein said

anchoring arrangement being as defined in any one of the claims 2-8.

12. An anchored flexible pipe structure according to any one of the claims
10 and 11, wherein the pipe is secured to the seabed (8) between its two

ends, a first end of the pipe being in liquid connection with a subsea
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installation, and a second end of the pipe being in liquid connection with a

surface vessel.

13. An anchored flexible pipe structure according to claim 12 wherein the

surface vessel being a floating structure.
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