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DESCRIPTION

[0001] The present invention relates to a method and apparatus for providing flexible pipe body including a carcass layer. In
particular, but not exclusively, the present invention relates to the provision of a carcass layer in which a channel region is
provided in adjacent annular elements that form the carcass layer. The channel region can be hollow or alternatively filled with a
material which dissolves subsequent to installation or alternatively filled with an insulating material or alternatively filled with a
strengthening material.

[0002] Traditionally flexible pipe is utilised to transport production fluids, such as oil and/or gas and/or water, from one location to
another. Flexible pipe is particularly useful in connecting a sub-sea location to a further sub-sea location or sea level location.
Flexible pipe is generally formed as an assembly of flexible pipe body and one or more end fittings. The pipe body is typically
formed as an assembly of layered materials that form a fluid and pressure-containing conduit. The pipe structure allows large
deflections without causing bending stresses that impair the pipe's functionality over its lifetime. The pipe body is generally, but
not necessarily, built up as a composite structure including unbonded metallic and polymer layers.

[0003] Such unbonded flexible pipe has been an enabler for deep water (less than 3300 feet (1005.84 metres)) and ultra-deep
water (greater than 3300 feet) developments for over 15 years. Available technology enabled the industry to initially produce in
deep water in the early 90s and in ultra-deep waters up to around 6500 feet (1981.2 metres) in the late 90s. Water depths
greater than 6500 feet push the envelope where typical free hanging riser configurations and flexible pipe in general can operate.

[0004] In view of the external pressures experienced by flexible pipe at such water depths it is well known that flexible pipe has to
withstand substantial crushing forces. To this end a fluid retaining layer is often supported by an under layer referred to as a
carcass. With such rough bore use the fluid retaining layer is often termed a barrier layer. In the prior art the carcass layer has
been provided by helically wrapping a profiled tape along the length of the flexible pipe body. The profiled tape has hook and
valley regions so that as the tape is wound adjacent windings are interlocked together by nesting a hooked region of a first
winding into a valley region of a following adjacent winding.

[0005] There are, however, problems with such prior art techniques. Notably the generation of the profile tape is a time
consuming and costly process. Typically one begins with a flat tape which is then put through a series of rollers which gradually
change the profile of the tape. Subsequent to the generation of such a tape a winding step must be included during the
manufacture of flexible pipe body. This locks each winding of tape to the next in both the axial and radial directions.

[0006] Another disadvantage with some known techniques is that because of the manufacturing process associated with making
the carcass tape there are limits on the materials which can be used and shapes of profile which can be attained via this method.
Alimit on a second moment of inertia (a key parameter when assessing the efficacy of the carcass layer) associated with windings
is thus introduced.

[0007] If tapes are manufactured using a technique different to the rolling method then the manufacturing process for such tapes
is extremely complex and costly. Typically a compromise is struck between malleability of material used to generate the tape
versus the strength offered by the end results.

[0008] A further problem associated with known carcass layers is that they offer little or no protection in terms of thermal
insulation to overlying layers in the flexible pipe body. Typically it is appreciated that the tape windings are manufactured from a
metal material which is a good thermal conductor. As such if a bore temperature is relatively high then overlying polymer layers
must be able to tolerate such elevated temperatures. Since gases permeate better through polymer materials at higher
temperatures there is a desire to reduce temperatures experienced by a barrier layer or further outlying polymer layers during
use.

[0009] US 6515833, DE 34871 FR 2665237 and EP 2 494 247 disclose various flexible pipe components. US 5275209 discloses
a reinforced hose.

[0010] US 6 515 833 describes flexible tubular conduits or pipes particularly in situations where the conduits need to withstand
relatively high pressures. In such cases, the conduits are reinforced by helically wound armor which is compliant in flexure, and
profiled to allow each subsequent turn to interlock with the previous turn.

[0011] DE 34871 describes a flexible conduit which includes helically wound strip material, where the strip material includes a S-
shape profile.
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[0012] EP 2 494 247 describes a flexible pipe and method of producing a flexible pipe, which includes a tubular innermost
sealing sheath surrounded by an outer armoring layer and on its inner inner side the sealing sheath includes a carcass includes
a plurality of annular or coil shaped armoring members.

[0013] It is an aim of the present invention to at least partly mitigate the above-mentioned problems.

[0014] It is an aim of certain embodiments of the present invention to provide a carcass layer in flexible pipe body which can
increase the operating envelope of a flexible pipe made using the pipe body.

[0015] It is an aim of certain embodiments of the present invention to provide a carcass layer including a channel in adjacent
windings or hoop elements so that the channel can be utilised to tailor physical properties of the carcass layer according to a
proposed use.

[0016] It is an aim of certain embodiments of the present invention to provide a carcass layer in which a substantial temperature
drop occurs across the carcass layer.

[0017] It is an aim of certain embodiments of the present invention to provide a carcass layer in flexible pipe body which has
elements manufactured from a first material suited to a particular purpose and other elements manufactured from a different
material provided to maximise other characteristics.

[0018] According to a first aspect of the present invention there is provided flexible pipe body for transporting fluids from a sub-
sea location as described in claim 1.

[0019] According to a second aspect of the present invention there is provided a flexible pipe for transporting fluids from a sub-
sea location as described in claim 10.

[0020] Certain embodiments of the present invention have the advantage that a tape including a channel can be helically wound
to form a carcass layer or independent hoop elements including a channel can be connected together in a row to provide the
carcass layer. In either case the channel can be utilised to provide specific desired characteristics as per design requirements.

[0021] Certain embodiments of the present invention provide a carcass layer made up of sealed hollow hoops which can be
manufactured using steel strips or other such suitable materials. The hollow section can be filled with any suitable material or may
be left open which can provide extra strength or insulating properties.

[0022] Certain embodiments of the present invention provide a carcass layer formed from adjacent hoops with various portions
being manufactured from any material, composite, polymer, metal or the like.

[0023] Embodiments of the present invention will now be described hereinafter, by way of example only, with particular reference
to figures 1, 2, 15 to 19 of the accompanying drawings in which:

Fig. 1

illustrates a flexible pipe body;
Fig. 2

illustrates a catenary riser, flow line and jumper;
Fig. 3

illustrates a carcass layer including regions of thermal insulation material;
Fig. 4

illustrates windings in the carcass layer of Fig. 3;
Fig. 5

illustrates an alternative carcass layer including regions of thermal insulation material;
Fig. 6

illustrates a carcass layer including regions of thermal insulation material;
Fig. 7

illustrates windings in the carcass layer of Fig. 6;
Fig. 8

illustrates interlocking of carcass layer windings;
Fig. 9
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illustrates an insulating tape;
Fig. 10
illustrates how the insulating tape shown in Fig. 9 can be wound;
Fig. 11
illustrates how the insulating tape shown in Fig. 9 can be wound;
Fig. 12
illustrates a carcass layer;
Fig. 13
illustrates the carcass layer of Fig. 12 including filled channel regions;
Fig. 14
illustrates an alternative carcass layer;
Fig. 15
illustrates a hoop element;
Fig. 16
illustrates interlocked hoop elements;
Fig. 17
illustrates alternative hoop elements interlocked;
Fig. 18
illustrates alternative interlocked hoop elements;
Fig. 19
illustrates interlocked hoop elements;
Fig. 20
illustrates hoops with fins; and
Fig. 21
illustrates hoops with strengthening beams.

[0024] In the drawings like reference numerals refer to like parts.

[0025] Throughout this specification reference will be made to a flexible pipe. It will be understood that a flexible pipe is an
assembly of a portion of pipe body and one or more end fittings in each of which a respective end of the pipe body is terminated.
Fig. 1 illustrates how pipe body 100 is formed in accordance with an embodiment of the present invention from a composite of
layered materials that form a pressure-containing conduit. Although a number of particular layers are illustrated in Fig. 1, it is to
be understood that the present invention is broadly applicable to composite pipe body structures including two or more layers
manufactured from a variety of possible materials. It is to be further noted that the layer thicknesses are shown for illustrative
purposes only.

[0026] As illustrated in Fig. 1, a pipe body includes an innermost carcass layer 101. The carcass provides an interlocked
construction that can be used as the innermost layer to prevent, totally or partially, collapse of an internal pressure sheath 102
due to pipe decompression, external pressure, and tensile armour pressure and mechanical crushing loads.

[0027] The internal pressure sheath 102 acts as a fluid retaining layer and comprises a polymer layer that ensures internal-fluid
integrity. It is to be understood that this layer may itself comprise a number of sub-layers. It will be appreciated that when the
carcass layer is utilised the internal pressure sheath is often referred to by those skilled in the art as a barrier layer. In operation
without such a carcass (so-called smooth-bore operation) the internal pressure sheath may be referred to as a liner.

[0028] An optional pressure armour layer 103 is a structural layer with a lay angle close to 90° that increases the resistance of
the flexible pipe to internal and external pressure and mechanical crushing loads. The layer also structurally supports the internal-
pressure sheath.

[0029] The flexible pipe body also includes an optional first tensile armour layer 104 and optional second tensile armour layer
105. Each tensile armour layer is a structural layer with a lay angle typically between 20° and 55°. Each layer is used to sustain
tensile loads and internal pressure. The tensile armour layers are counter-wound in pairs.

[0030] The flexible pipe body shown also includes optional layers 106 of tape which help contain underlying layers and to some
extent prevent abrasion between adjacent layers.
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[0031] The flexible pipe body also typically includes an optional outer sheath 107 which comprises a polymer layer used to
protect the pipe against penetration of seawater and other external environments, corrosion, abrasion and mechanical damage.

[0032] Each flexible pipe comprises at least one portion, sometimes referred to as a segment or section of pipe body 100
together with an end fitting located at at least one end of the flexible pipe. An end fitting provides a mechanical device which forms
the transition between the flexible pipe body and a connector. The different pipe layers as shown, for example, in Fig. 1 are
terminated in the end fitting in such a way as to transfer the load between the flexible pipe and the connector.

[0033] Fig. 2 illustrates a riser assembly 200 suitable for transporting production fluid such as oil and/or gas and/or water from a
sub-sea location 201 to a floating facility 202. For example, in Fig. 2 the sub-sea location 201 includes a sub-sea flow line. The
flexible flow line 205 comprises a flexible pipe, wholly or in part, resting on the sea floor 204 or buried below the sea floor and
used in a static application. The floating facility may be provided by a platform and/or buoy or, as illustrated in Fig. 2, a ship. The
riser 200 is provided as a flexible riser, that is to say a flexible pipe connecting the ship to the sea floor installation.

[0034] It will be appreciated that there are different types of riser, as is well-known by those skilled in the art. Embodiments of the
present invention may be used with any type of riser, such as a freely suspended (free, catenary riser), a riser restrained to some
extent (buoys, chains), totally restrained riser or enclosed in a tube (I or J tubes).

[0035] Fig. 2 also illustrates how portions of flexible pipe body can be utilised as a flow line 205 or jumper 206.

[0036] Fig. 3 illustrates a carcass layer 101 made by helically winding a tape 300 so that adjacent windings can interlock. The
tape 300 has a substantially Z shape and the body of the tape is hollow. The body may be almost wholly hollow in which case the
body acts like a shell (as shown in Fig. 3) or alternatively may be only partially hollow so that only a region of the cross section is
hollow or multiple separate regions are left hollow. The body of the tape thus encapsulates at least one channel region within the
tape. This channel region 301 is filled with an insulating aerogel material 350. Alternatively the channel region can be filled with
another insulating material.

[0037] Throughout this description reference is made to an aerogel material. Certain aerogel materials are open-celled,
mesoporous, solid foams that are composed of a network of interconnected nanostructures and which exhibit a porosity (non-
solid volume) of no less than 50%. It will be understood that the term "mesoporous" refers to a material which contains pores
ranging from 2 to 50 nm in diameter. It will be appreciated that aerogels can be made from a variety of substances including, but
not limited to, most of the transition metal oxides (for example, iron oxide or the like), silica, biological polymers (such as pectin,
agar or the like), carbon nanotubes, organic polymers (such as resorcinol-formaldehyde, polyacrylates or the like). Aerogel
materials can be manufactured using many different techniques. For example silica gels are produced using the sol-gel process
in which nanoparticles suspended in a liquid solution are invoked to interconnect and form a continuous, porous, nanostructured
network of particles across the volume of the liquid medium.

[0038] It will be understood that the term aerogel refers to a material that has a very low coefficient of thermal conduction. That is
to say of 0.05 W/mK or less. Aptly 0.02W/mK or less.

[0039] Aerogel materials tend to be hydrophilic but can be made hydrophobic by the addition of waterproofing substances such
as trimethylsilyl-Si(CHs)3. Typical thermal conductivity for aerogels is between 0.004 W/mK to 0.04 W/mK. This is in comparison to

typical insulating (but non aerogel) materials used in flexible pipe technologies which have a k value of 0.15 W/mK to 0.18 W/mK.

[0040] As illustrated in Fig. 3 adjacent windings of the Z shaped tape 300 are interlocked by additionally helically winding a
connecting tape 303 between adjacent windings of the carcass tape. The connecting tape winding 303 has a generally H shaped
cross section.

[0041] Fig. 4 illustrates the windings of Fig. 3 in more detail. The wound tapes form a layer extending axially along the length of
the flexible pipe body. The cross section of the carcass tape 300 has an imaginary centre line C and has an inwardly turned nose
400 at a first edge of the tape. The nose 400 blends into a horizontal region 401 and the tape is then bent into a substantially
linear region 402 which extends firstly towards the centre line and then away from the centre line. The central region 402 of the
tape then turns away from the direction of the first edge into a further horizontal region 403 before bending again in towards the
imaginary centre line C terminating in a further nose 404. This further inwardly turned nose forms the other edge of the carcass
tape. In terms of the windings shown in Fig. 4 the first nose is turned downwardly towards the imaginary centre line and the further
nose is turned upwardly towards the imaginary centre line. It will be appreciated that whilst the noses shown in this and further
examples have rounded ends, other shaped ends are useable.
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[0042] As illustrated in Fig. 4, the connecting tape 303 has a substantially H-shaped cross section providing an upwardly facing
substantially horizontal riding surface 410 and an opposed substantially parallel spaced apart downwardly facing substantially
horizontal further riding surface 412. As illustrated in Fig. 4 an upwardly turned nose 404 of a first winding rides against the
downwardly facing horizontal riding surface 412 of the connecting tape between ends which act as abutment surfaces 413 which
form boundaries to the riding surface. This allows for some lateral motion between adjacent windings. A downwardly turned nose
400 of an adjacent winding is able to ride on the upward facing riding surface 410 of the H-shaped connector tape between
respective abutment surfaces 414 which form side boundaries to the riding surface.

[0043] The carcass tape is preformed prior to winding to manufacture a carcass layer and a channel formed within the body of
the tape is filled with aerogel material. In this way the body of the tape encapsulates aerogel material. As consecutive windings
are wound and interlocked together with the connecting tape the effect is that one or more encapsulated regions of aerogel
material are laid out in a layer along the axial length of the flexible pipe body.

[0044] It will be appreciated that during manufacture of the carcass tape (that is to say before the stage of manufacturing flexible
pipe) the channel region within the tape can optionally first be evacuated to help reduce thermal conductivity across the tape.
Also the use of rigid material (such as metal or composite materials or the like) to manufacture the body of the tape means that
low density aerogels may optionally be used since the rigidity of the tape material acts as a housing to give the tape strength.

[0045] Fig. 5 illustrates an alternative to the carcass layer illustrated in Figs. 3 and 4 in which adjacent windings of the carcass
layer tape are interlocked by nesting a hook region of one winding into a valley region of an adjacent winding. The connecting
tape is thus not required.

[0046] As illustrated in Fig. 5 a carcass layer 101 is formed by helically winding a tape 490 so that adjacent windings can
interlock. The cross section of the carcass tape 490 is a substantially Z-shape and the body of the tape is wholly or partially
hollow. As with the previous example the body can be a shell encapsulating a single channel or can define more than one channel
by having a partially filled body cavity region. The body of the tape thus encapsulates at least one channel region within the tape.
This channel region 301 is filled with an insulating aerogel material or other such insulating material. The wound tape thus forms a
layer extending axially along the length of the flexible pipe body. The cross section of the carcass tape 390 has an imaginary
centre line C and has an inwardly turned nose 500 at a first edge of the tape. The nose 500 blends into a horizontal region 501
and the tape is then bent into a substantially linear region 502 firstly towards the centre line and then away from the centre line.
The central region 502 of the tape then turns away from the first edge into a further horizontal region 503 before bending again in
towards the imaginary centre line C terminating in a further nose 504. This further inwardly turned nose forms the other edge of
the carcass tape. In terms of the winding shown in Fig. 5 the first nose 500 is turned downwardly towards the imaginary centre line
and the further nose is turned upwardly towards the imaginary centre line.

[0047] As illustrated in Fig. 5, adjacent windings of the carcass layer tape 490 interlock together. In this sense the first nose and
first horizontal region 501 and part of the central linear region 502 form a hook portion whilst a remaining portion of the central
linear region 502, further horizontal portion 503 and further upwardly turned nose 504 define a valley region. A nose associated
with the hooked portion of a winding nests within the valley region defined by an adjacent winding. The nose of a winding is thus
able to ride within a region defined in an adjacent winding between a further nose and a central region of the winding. This
prevents windings in the carcass layer from becoming separated but allows some lateral motion so that the flexible pipe body
formed by the carcass layer can flex. Nesting is carried out during manufacture as the carcass tape is wound.

[0048] The carcass tape 490 is preformed prior to winding to manufacture a carcass layer and a channel formed within the body
of the tape is filled with aerogel material. In this way the body of the tape encapsulates aerogel material. As windings are wound
and interlocked together the effect is that one or more encapsulated regions of aerogel material are laid out in a layer of the
flexible pipe body.

[0049] It will be appreciated that during manufacture of the carcass tape (that is to say before the stage of manufacturing of
flexible pipe) the channel region within the tape can optionally first be evacuated to help reduce thermal conductivity across the
tape. Also the use of rigid material (such as metal or composite materials or the like) to manufacture the body of the tape means
that low density aerogels may optionally be used.

[0050] Fig. 6 illustrates an alternative to the carcass layer illustrated in Figs. 3 to 5. As illustrated in Fig. 6 adjacent windings of a
carcass layer tape having a corrugated cross section can be helically wound to create the carcass layer. Adjacent windings are
interlocked using a connecting tape at the interface between adjacent windings.
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[0051] As illustrated in Fig. 6 a carcass layer 101 is formed by helically winding a tape 590 so that adjacent windings are
interlocked in some fashion. The cross section of the carcass tape 590 is corrugated including peaks and troughs and the body
of the tape is wholly or partially hollow. The body of the tape thus encapsulates a channel region which itself has a corrugated
shape within the tape. This channel region 301 is filled with a sheet, having an undulating cross section, of insulating aerogel
material. The wound tape thus forms a layer extending axially along the length of the flexible pipe body.

[0052] Fig. 7 illustrates the helically wound carcass tape 590 shown in Fig. 6 in a cut away format indicating how the carcass
layer 101 is formed by winding a carcass tape 590 helically. The carcass layer tape has a corrugated profile with six complete
troughs 7001 to 700g. The troughs are the portions of the corrugations which extend radially innermost within the bore defined by

the wound tape. The corrugated tape also includes six complete peaks 7011 to 701 which define the radially outermost parts of

the carcass layer. Tape having different numbers of peaks and troughs and different pitches to those peaks and troughs shown
can of course be used. As windings are wound a connecting tape which has a substantially H-shaped cross section is also
helically wound simultaneously at the interface between adjacent windings of the carcass layer tape 494. The cross sectional H-
shape of the connecting tape 603 is illustrated in Fig. 7. Other connecting tapes having different cross sectional shapes but which
permit interlocking can of course be used.

[0053] Fig. 8 illustrates a cross section through a region where adjacent windings of the carcass layer tape 590 are interlocked
together. The cross section of the carcass tape 590 has an imaginary centre line C and has an inwardly turned nose 800 at a first
edge of the tape. The nose 800 blends into a horizontal region 801 and the tape is then bent at an inclined angle towards the
centre line. A linear region 802 extends through the centre line towards a first trough region which defines a radially innermost
fold or corrugation for the carcass tape. At this trough the tape is bent before extending radially outwardly in a further linear
region towards a first peak region 7014. Further peaks and troughs are laid out across the cross section of the corrugated

carcass tape 690. The tape extends from the final peak 701g into a further horizontal region 803 before bending again in towards

the imaginary centre line C terminating in a further nose 804. This further inwardly turned nose forms the other edge of the
carcass tape. In terms of the windings shown in Figs. 6, 7 and 8 the first nose 800 is turned downwardly towards the imaginary
centre line and the further nose 804 is turned upwardly towards the imaginary centre line.

[0054] As illustrated in Fig. 8 the connecting tape 603 has a substantially H-shaped cross section providing an upwardly facing
substantially horizontal riding surface 810 and an opposed substantially parallel spaced apart downwardly facing substantially
horizontal further riding surface 812. As illustrated in Fig. 8 an upwardly turned nose 804 of a first winding rides against the
downwardly facing horizontal riding surface 812 of the connecting tape between abutment surfaces 813 which form boundaries to
the riding surface. This allows for some lateral motion between adjacent windings. A downwardly turned nose 800 of an adjacent
winding is able to ride on the upward facing riding surface 810 of the H-shaped connector tape between respective abutment
surfaces 814 which form side boundaries to the riding surface.

[0055] The carcass tape 590 is preformed prior to winding to manufacture a carcass layer and a channel formed within the body
of the tape is filled with aerogel material. In this way the body of the tape encapsulates aerogel material. One, two or more
channels may be formed containing aerogel. As windings are wound and interlocked together with the connecting tape the effect
is that one or more encapsulated regions in the form of corrugated sheets of aerogel material are laid out in a layer of the flexible
pipe body.

[0056] It will be appreciated that during manufacture of the carcass tape (that is to say before the stage of manufacturing flexible
pipe) the channel region within the tape can optionally first be evacuated to help reduced thermal conductivity across the tape.
Also the use of rigid materials (such as metal or composite materials or the like) to manufacture the body of the tape means that
low density aerogels may optionally be used.

[0057] It will be appreciated that the corrugated carcass tape could be modified at the nose regions so that adjacent windings of
the corrugated tape interlock in a manner similar to the windings shown in Fig. 5 and without the intervening connecting tape
being needed.

[0058] In addition to providing encapsulated regions of aerogel material in a carcass layer of flexible pipe, tape including aerogel
material may additionally or optionally be wound at other locations so as to provide one or more layers of thermal insulation as
required. For example, a layer of insulating material may be formed immediately inside an outer sheath 107 of the flexible pipe
body. Such an insulating layer will tend to maintain a warm or cool temperature throughout the multiple layers of the flexible pipe
body as determined by the temperature of the fluid transported along the bore of the flexible pipe body. Alternatively, or in
addition, an insulating layer may be formed radially immediately outside or inside of the tensile armour layers so as to maintain
the metallic parts of those tensile armour layers within a predetermined temperature range. Insulating layers may be formed at
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any other desired location throughout the cross section of the flexible pipe body.

[0059] Fig. 9 illustrates a tape 890 in cross section which may be wound helically around an underlying layer during manufacture
of flexible pipe body. As indicated in Fig. 9 the tape 890 has an outer surface 900 which forms the body to the tape. The body
900 includes a substantially planar top surface spaced apart from and substantially parallel to an underlying bottom surface 902.
Side walls connect the top surface 901 and bottom surface 902. The first side wall 903 of the body 900 and further side wall 904
of the body 900 together with the top and bottom surface thus form a shell like body. The central region 905 defined by the inner
surface of the top and bottom surfaces and side walls defines a channel 906. This channel is filled with aerogel material 350.

[0060] The tape shown in Fig. 9 can be wrapped helically in a number of ways to create a layer in the flexible pipe body. For
example as shown in Fig. 10 the flexible tape is helically wound in a first layer 1001 with adjacent windings being located side by
side. A further layer of tape 890 is wound over this first layer 1001 to form an overlying layer 1002. As illustrated in Fig. 10 this
overlying layer can lie over the interconnection of adjacent windings in the layer below. Alternatively the overlying layer can be
wound directly on top of an underlying layer. As a result an insulating layer made from multiple sub layers is generated.

[0061] Fig. 11 illustrates an alternative way in which the insulating tape 890 shown in Fig. 9 can be wound over an underlying
layer. As illustrated in Fig. 11 subsequent to a preceding winding being duly wound a subsequent winding 1101 is wound so that a
portion of the subsequent winding 1101 lies over an underlying portion of a preceding winding 1102. The net effect of the two
methods illustrated in Figs. 10 and 11 is that an insulating layer having a thickness twice that of the thickness | of the insulating
tape 890 is generated. It will be appreciated that if only one winding is utilised using the technique shown in Fig. 10 that an
insulating layer having a thickness | is generated.

[0062] Fig. 12 illustrates a carcass layer 101 in a length of flexible pipe body in which adjacent windings of a carcass layer tape
1190 interlock together. Each winding thus forms an annular element which extends around an inner circumference of a bore
region. As illustrated in Fig. 12 the carcass layer 101 is formed by helically winding the tape 1190 so that adjacent windings are
interlocked. A cross section of the carcass tape 1190 is substantially Z-shaped and the body of the tape is wholly or partially
hollow. As with the previously described examples the tape body can be a shell encapsulating a single channel or can define
more than one channel by having a partially filled body cavity region or plate element separating the central channel. The
channel region 1201 is illustrated as being hollow in Fig. 12. Alternatively the channel region can be filled with an insulating
aerogel material or other such insulating material. Alternatively as illustrated in Fig. 13 the channel can be filled with a
strengthening material 1350. For example, the strengthening element 1350 can be formed of a metal material, such as carbon,
stainless steel or the like, whilst the body of the tape 1190 is made from a composite material such as glass fibre, carbon fibre,
reinforced plastic or the like.

[0063] The wound tape thus forms a layer extending axially along the length of the flexible pipe body. The cross section of the
carcass tape 1190 has an imaginary centre line C and has an inwardly turned nose 1300 at a first edge of the tape. The nose
1300 blends into a horizontal region 1301 and the tape is then bent into a substantially linear region 1302 towards the centre line
and then away from the centre line. The central region 1302 then turns away from the first edge into a flange region 1303. As
illustrated in Fig. 12 the tape 1190 is generated from a first curved wall and a further curved wall. These are tape elements. The
tape elements shown have a similar and constant cross section. Aptly the tape elements can have different cross sections, also
these may optionally be non-constant. The first curved wall which forms the first nose 1300, horizontal portion 1301, central
region 1302 and first flange region 1303 is formed spaced apart from the further curved wall in a middle region thereof. The
further curved wall includes an inwardly turned nose 1310 which forms a further edge of the carcass tape. This inwardly turned
nose extends into a horizontal region 1311 which then extends in towards the imaginary centre line as a linear region 1312. This
linear region then flares out towards the first edge of the tape forming a further flange region 1313. The curved walls are
integrally formed or may be separately made and then secured together such as by welding, adhering or the like.

[0064] The tape formed by the juxtaposed curved walls may be wound in a helical fashion to form the carcass layer as will be
understood by those skilled in the art. The nose of an outer curved wall and flange region of the inner curved wall form a hook
region whilst the nose of the inner curved wall and flange region of the first curved wall form a valley region. A hook region of a
winding nests within a valley region of an adjacent winding as the carcass layer is manufactured. The channel region 1201 is
formed in the parallel spaced apart region between the inner surfaces of the curved walls of the carcass tape. Prior to
manufacturing of the flexible pipe body this channel may be filled wholly or partially with a desired material. For example, an
aerogel material can be utilised. Alternatively, the channel region is filled with a material having a different mechanical property
from the body region formed by the curved walls of the tape. As a result certain materials can be used to form the tape body
whilst the same or different materials can be used to wholly or partially fill the channel region which runs along the centre of the
carcass tape. This allows a manufacturer of the flexible pipe body to tailor the materials selected according to the purpose for
which the flexible pipe is manufactured. Each winding of the carcass tape forms an annular element which thus extends around an
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inner circumference of a bore region. A channel region is provided within the body portion of the carcass tape.

[0065] The channel region can be filled wholly or partially with one or more materials having different characteristics. For
example, an aerogel material can be used which provides a high degree of insulation to the carcass layer. Aptly the channel
region is substantially filled with a material that dissolves within a predicted period of time. Alternatively the channel can hold a
vacuum, an insulating tape containing glass microspheres, a foam or the like.

[0066] Fig. 14 illustrates an alternative carcass tape to that illustrated in Figs. 12 and 13. In many respects this carcass tape is
similar to that shown in Figs. 12 and 13, however, the curved walls of the body of the carcass tape have elongated horizontal
portions 1401, 1411 relative to the corresponding portions of the carcass tape shown in Figs. 12 and 13. This enables the
channel region in the carcass tape to have a greater volume per winding and provides a further way in which the physical
characteristics of the carcass tape can be modified according to the purpose for which the flexible pipe including the carcass layer
is to be used. The width and/or thickness of the tape, material of the tape body and material held in the channel within the tape
can be selected as desired according to the performance parameters needed in the flexible pipe body. Aptly the width to
thickness ratio of the tape is 2:1 or greater. Aptly the width to thickness ratio is 3:1 or greater.

[0067] Fig. 15 illustrates a hoop 1500 which includes a hollow channel region 1501 which can be left hollow or which may be
filled with an aerogel material or other such insulating material or a strengthening material. Multiple hoops may be aligned next to
each other in a side-by-side coaxal relationship. The independent hoops can be interlocked together with adjacent hoops being
interlocked together so as to form a carcass layer of a flexible pipe body. The hoop 1500 is an annular element with the carcass
layer when formed comprising adjacent interlocked annular elements each made up of a body portion that extends around an
inner circumference of a bore region. A channel region 1501 is provided within the body portion of each hoop.

[0068] As illustrated in Fig. 15 each hoop element has a circular outer surface. The cross section of the hoop 1500 has an
imaginary centre line C and has a partially inwardly turned nose 1550 at a first edge of the hoop. The nose 1550 blends into a
horizontal region 1601 with the outer surface of this horizontal region provided the circular outer cross section of the hoop. The
horizontal region 1601 is then bent towards the imaginary centre line and then away from the centre line in a substantially linear
central region 1602. This central region 1602 is then turned away from the first edge of the hoop into a flange region 1603. As
illustrated in Fig. 15 the hoop 1500 is generated from a first curved wall and a further curved wall. These are tape elements. The
tape elements shown have a similar and constant cross section. Aptly the tape elements can have different cross sections and
may optionally have a non-constant cross section. The first curved wall which forms the first nose 1550, horizontal portion 1601,
central region 1602 and first flange region 1603 is formed spaced apart from the further curved wall in a middle region thereof.
The further curved wall includes an inwardly turned nose 1610, which forms a further edge to the hoop horizontal portion 1611,
which has an inner surface forming the inner surface of the hoop. The horizontal region 1611 of the further curved wall bends first
towards the imaginary centre line and then continues away from the centre line in a further linear central region 1612 before
being bent towards the first edge of the hoop in a further flange region 1613.

[0069] Unlike the generation of a carcass layer by helically winding a tape the carcass layer of flexible pipe body manufactured
with multiple hoop elements of the type shown in Fig. 15 is manufactured by locating hoop elements side-by-side, one-by-one,
and bending the nose 1550 at the first edge of the hoop over the upstanding nose 1619 of a preceding hoop. Fig. 16 illustrates
the nose 1600 bent inwardly from the partially inclined position 1550 illustrated in Fig. 15.

[0070] The nose of an outer curved wall and flange region of an inner curved wall form a hook region whilst the nose of the inner
curved wall and flange region of the first curved wall form a valley region. A hook region of a hoop nests within a valley region of
an adjacent hoop as the carcass layer is manufactured. The channel region 1501 is formed in the parallel spaced apart region
between the juxtaposed curved walls of the carcass hoop. Prior to manufacturing of the flexible pipe body this channel may be
filled wholly or partially with a desired material. For example, an aerogel material can be utilised. Alternatively, the channel region
is filled with a material having a different mechanical property from the body region formed by the curved walls of the hoop. As a
result certain materials can be used to form the hoop body whilst the same or different materials can optionally be used to wholly
or partially fill the channel region which runs along the centre of the hoop. This allows a manufacturer of the flexible pipe body to
tailor the material selected according to the purpose for which the flexible pipe is manufactured. Each independent hoop in the
carcass layer forms an annular element which thus extends around an inner circumference of a bore region. A channel region is
provided within the body portion of the carcass hoop.

[0071] An advantage of generating a carcass layer using independent hoop elements which are interlocked together with
adjacent hoop elements in a side-by-side coaxial relationship, is that the hoop elements may each be manufactured from different
materials. Therefore a profile may be generated along the length of flexible pipe body having zones with certain physical
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characteristics at one region (provided by hoops manufactured from the same or similar materials) and one or more further zones
along the length of the flexible pipe body at desired locations where the hoop elements used to manufacture the flexible pipe body
in those zones are manufactured from materials different from the materials used for the hoop elements in the first zone.

[0072] Fig. 17 illustrates how a carcass layer may be manufactured from interlocking independent hoops having a different cross
sectional profile from the hoops illustrated in Figs. 15 and 16. In many respects the cross section of the hoop elements shown in
Fig. 17 are similar to those shown in Figs. 15 and 16. However, the horizontal portions of the first curved wall and further curved
wall are stretched relative to the corresponding portions shown in Figs. 15 and 16. This enables a different width to thickness
ratio of the hoops to be utilised. Aptly the width to thickness ratio of the hoop is 2:1 or greater. Aptly the width to thickness ratio is
3:1 or greater. The variation of the width to thickness ratio enables the volume of the channel region to be selected according to
environmental factors which the flexible pipe body will experience in use.

[0073] An advantage of using the hoops shown in Figs. 15, 16 and 17 to manufacture a carcass layer is that each hoop element
can be independently manufactured prior to manufacture of the flexible pipe body. These may then be stored until the moment in
time when flexible pipe body is to be manufactured. The materials used to manufacture each hoop element can be selected
according to a physical performance required of the hoop. The hoops can be integrally formed or can be made from two or more
separate walls secured together. These curved walls can be manufactured from the same or different materials. Each hoop is
thus preformed prior to manufacture of a carcass layer and a channel formed within the body of the hoop can be left empty or
may be filled with a desired material. If a carcass layer having a high degree of thermal insulation is required an aerogel material
or some other insulating material may be loaded into the channel. It will be appreciated that during manufacture of the hoop the
channel region within the hoop can optionally first be evacuated to help reduce thermal conductivity across the hoop. Also the
use of rigid material (such as metal or composite materials or the like) to manufacture the hoop body means that low density
aerogels may optionally be used.

[0074] Alternatively the channel region in each hoop can be at least partially filled with a material which will increase the strength
of the hoop. That is to say will increase the ability of the hoop to resist crushing forces. The channel region can of course be filled
with any material that provides a desired physical characteristic to the finished carcass layer.

[0075] Fig. 18 illustrates how hoops 1800 which do not have a channel region can be utilised to provide a carcass layer for
flexible pipe body. As illustrated in Fig. 18 a hoop has a substantially S-shape. Each hoop element 1800 has an imaginary centre
line C and a first edge 1801 of a hoop is formed by a horizontal portion 1802 of the hoop element being bent back partially on
itself to form a nose 1803. The horizontal section 1802 is then bent towards the centre line C at a first bend 1804 into a central
substantially linear region 1805 which then continues away from the centre line until being bent at a further bend region 1806 into
a further horizontal region 1807. This further horizontal region 1807 is substantially parallel to the first horizontal portion 1802 in
the cross section of the hoop 1800. The further horizontal portion is then bent back upon itself to form a further edge 1808 of the
hoop which extends into an inwardly turned nose 1809.

[0076] As illustrated in Fig. 18 multiple hoop elements 18004, 18002... 1800, can be aligned in a side-by-side coaxial
relationship and interlocked so as to form a carcass layer in flexible pipe body. The inwardly turned nose 1803 at a first edge of a
hoop interlocks with an inwardly turned nose 1809 in an adjacent hoop to ensure that hoop elements do not become separated
during use.

[0077] Fig. 19 illustrates how a carcass layer can be manufactured from interlocked hoops 1900. Each hoop shown in Fig. 19 is
formed from a first curved wall of the type illustrated in Fig. 18 and a juxtaposed mirror image of that curved wall formed as a
second curved wall secured or integrally formed with the first curved wall. Each hoop 1900 has an imaginary centre line C and an
outer part imaginary centre line D1 and an inner part imaginary centre line D2. A first edge 1901 of a hoop comprises twin rings
formed by an inner and outer horizontal portion 1902 being bent backward to form respective inner and outer noses 1903. Each
of the inner and outer horizontal sections 1902 is then bent away from the main centre line C towards a respective imaginary
inner or outer centre line D4, Do. From a respective central substantially linear region 1905 a further bend region 1906 is formed
which turns each curved side wall into a respective horizontal region 1907inner, 1907 guter- This further horizontal region 1907 is
substantially parallel to the first horizontal portion 1902. The further horizontal portion is then bent back upon itself at a further
edge 1908 which is formed as two distinct rings. The bent back horizontal portion forms an inner and outer inwardly turned nose
1909. As will be appreciated by those skilled in the art a carcass layer may be manufactured by interconnecting hoops one by
one or many simultaneously by pushing the edges of the hoops together so that the nose regions at a first edge of a hoop
interlock with the nose regions of an adjacent hoop. The hoops may be manufactured from the same or different materials. The
curved walls of each hoop may be integrally formed or may be secured together by welding, gluing, riveting or the like.
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[0078] Fig. 20 illustrates how hoops having a solid cross section (that is to say without an internal channel) may be connected
together to form a carcass layer. These hoops each have a respective fin 2001 which is a plate extending from an inner surface
of the hoop. The hoops may be aligned and interconnected during a manufacturing process so that the fins are exactly aligned in
a linear array axally along the length of the flexible pipe body. Alternatively, each fin or the fins of a group of hoops may be
radially offset with respect to fins in an adjacent hoop or adjacent group. As a result it will be appreciated that the rotational offset
between the fins can induce a rotation motion in fluid transported along the bore of the flexible pipe body. This can be
advantageous in certain environments and/or when certain types of transport fluid are being transported. Fins can of course be
used with hoops previously described which include an internal channel.

[0079] Fig. 21 illustrates how multiple hoops may be interlocked together to form a carcass layer of flexible pipe body. As
illustrated in Fig. 21 the hoops include cross beams 2101 which extend across a diameter of the hoops. Further cross beams
2102 also extend across the diameter of the hoops at right angles to the first cross beams. It will be appreciated that each cross
beam acts as a strengthening element so as to increase the crush resistance of each hoop element. One, two or more cross
beams may be utilised per hoop. The cross beams of hoops interlocked together to form a carcass layer may be aligned or may
be rotationally offset with respect to one another. Alternatively the cross beams of groups of hoops may be aligned or may be
rotationally offset with the cross beams in other groups of hoop elements. The offsetting of cross beams can be used to induce a
rotational motioning fluid transported in the bore region. Alternatively/additionally the offsetting of cross beams can provide a
flexible pipe body which is resistant to crushing forces at different radial angles. The cross beams can of course alternatively
extend across only part of the hoop rather than extending across diametrically.

[0080] Hoops can be made which have a circular outer shape but are filled in so that an internal bore of the flexible pipe body
has a non-circular cross section.
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Patentkrav
1. Fleksibelt rerlegeme til transport af fluider fra en underseisk lokalitet,
det fleksible rerlegeme omfatter:

et karkasselag (101) omfattende tilstodende sammenléste ringformede elementer, der hvert
omfatter en legemsdel, der streekker sig omkring en indre periferi af en boringsregion, hvor de
ringformede elementer omfatter en flerhed af selvsteendige ringelementer (1500, 1700), der er placeret i
et koaksialt side-om-side forhold langs boringsregionen, hvor legemsdelen af hvert ringelement er
indrettet til at sammenlése tilstodende ringelementer, kendetegnet ved, at en kanalregion (301, 1201,
1501) er indkapslet af kropsdelen og tilvejebragt inde 1 kropsdelen, hvor kropsdelen er defineret af et
forste pladeelement og et yderligere pladeelement, hvor det forste pladeelement og yderligere
pladeelement er placeret med afstand fra hinanden og i et i alt vesentligt parallelt forhold ved en
centerregion af hvert pladeelement og fastgjort til hinanden pé begge sider af centerregionen for derved

at definere kanalregionen mellem pladeelementerne.

2. Fleksibelt rorlegeme ifolge krav 1, hvor kanalregionen er hul.
3. Fleksibelt reorlegeme ifelge krav 1, hvilket rerlegeme endvidere omfatter én eller flere af
folgende:

kanalregionen er i alt vaesentligt fyldt med et materiale, der oplases inden for et forhdndsbestemt

tidsrum;
kanalregionen er i alt veesentligt fyldt med et isoleringsmateriale;
kanalregionen er fyldt med et isolerende aerogelmateriale; og
kanalregionen er fyldt med et forsteerkende materiale.
4. Fleksibelt rerlegeme ifolge krav 1, 2 eller 3, hvilket rorlegeme endvidere omfatter:
legemsdelen af hvert ringelement er en lukket ring med en cirkelformet ydre overflade.

5. Fleksibelt rorlegeme ifplge et hvilket som helst af de foregdende krav, hvilket rorlegeme

endvidere omfatter:

det forste og yderligere pladeclementer er fastgjort til hinanden ved en forste side af
kanalregionen via en kantregion af det yderligere pladeeclement og en mellemliggende region af det forste
pladeelement, hvor den mellemliggende region strakker sig til en krogregion af det forste pladeelement;

og som eventuelt endvidere omfatter:
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det forste og yderligere pladeclementer er fastgjort til hinanden ved en anden side af
kanalregionen via en kantregion af det forste pladeelement og en mellemliggende region af det yderligere
pladeelement, hvor den mellemliggende region af det yderligere pladeclement strackker sig til en

krogregion af det yderligere pladeelement; og som eventuelt endvidere omfatter:

en krogregion af det forste pladeclement og en krogregion af et yderligere pladeclement er vendt
mod en imagingr centerlinje, der lober henover over tvearsnittet af hvert selvstendige ringelement,
hvorved krogregionen af det forste pladeclement af et forste ringelement sammenlases med krogregionen

af det yderligere pladeelement i et tilstodende ringelement; og
et forhold mellem bredde og tykkelse af ringelementet er mere end 2:1.

6. Fleksibelt rorlegeme ifolge et hvilket som helst af kravene 1 til 4, hvilket rerlegeme endvidere

omfatter:

kropsdelen omfatter endvidere en han-forbindelsesregion og en hun-forbindelsesregion placeret
pé begge sider af en centerhusregion, der indeslutter kanalregionen, en han-forbindelsesregion af et forste
ringelement kan placeres i hun-regionen af et tilstodende ringelement for derved at sammenlase

tilstedende ringelementer, og som eventuelt endvidere omfatter:

kropsdelen er i et i alt vasentligt Z-formet hus, der indeslutter kanalregionen, en naseregion
(1300, 1310) pa hver ende af en forste og yderligere ende af Z-formen er vendt indefter mod en imaginzer

centerlinje, der lober hen over et tvaersnit af kropsdelen, og som eventuelt endvidere omfatter:

karkasselaget omfatter endvidere en flerhed af forbindende ringe med et i alt vaesentligt H-formet
tveersnit, en tilsvarende forbindelsesring er placeret mellem tilstedende ringelementer, og som eventuelt

endvidere omfatter:

en nedefter vendende naseregion af et forste ringelement sidder i en i alt vaesentligt U-formet
kanal, der er defineret af en ovre overflade af den H-formede forbindelsesring, og en opadvendt
naeseregion af et tilstodende ringelement sidder i en i alt vaesentligt omvendt U-formet kanal, der er

defineret af en nedre overflade af den H-formede forbindelsesring.

7. Fleksibelt rorlegeme ifolge et hvilket som helst af de foregdende krav, hvilket rorlegeme

endvidere omfatter:

legemsdelen af hvert ringelement i karkasselaget er formet af et identisk materiale, eller som

endvidere omfatter:

legemsdelen af en forste flerhed af ringelementer i karkasselaget er formet af et forste materiale,

der adskiller sig fra et materiale, der er anvendt til at forme en yderligere flerhed af ringelementer i
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karkasselaget, eller som endvidere omfatter:

en kanalregion af en ferste flerhed af ringelementer er fyldt med et forste materiale og en
kanalregion af en yderligere flerhed af ringelementer er fyldt med et yderligere materiale, der adskiller

sig fra det forste materiale.

8. Fleksibelt ror til transport af fluider fra en undersgisk lokalitet, hvilket ror omfatter:
det fleksible rorlegeme ifolge et hvilket som helst af de foregaende krav og
én eller flere endefittings.

9. Jumper, stigror eller flowline omfattende det fleksible ror ifolge krav 8.

10. Fremgangsmade til fremstilling af det fleksible rorlegeme ifolge krav 1,
kendetegnet ved at omfatte folgende trin:
placering af selvstendige ringelementer i et koaksialt side-om-side forhold;

sammenldsning af tilstodende ringelementer ved at tvinge tilstodende ringelementer sammen,

hvorved et krogomréde af et forste ringelement i en dalregion af et tilstodende element indesluttes; og

via hvert ringelement tilvejebringelse af en indkapslet ringformet kanalregion, der omgiver en

boring af det fleksible rorlegeme for derved at tilvejebringe et karkasselag.
11. Fremgangsmade ifelge krav 10, hvilken fremgangsmade endvidere omfatter folgende trin:

sammenlasning af tilstedende ringelementer, hvori en tilsvarende kanalregion i alt vaesentligt er

fyldt med et isoleringsmateriale eller et forstaerkende materiale.
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