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15 upon the intended application of the pipe. Generally, composite pipes comprise a

plqrélity of layers of material, the selection of the layers being determined by the
intended application. United States patents 5,261,462 and 5,435,867 disclose a
tubular structure, for example a pipe or a pressure \)essel, cqmpri’sing a wall formed
from plastic, composites and elastomeric materials. The composite materials are
20 wound in a spiral manner, separated by strips of elastomer. A mandrel is typically
‘ employed, over which the layers of material are wound or applied, after which the
mandrel is removed.
As with all piping, composite pipes require end fittings to be provided in order to
allow lengths of pipe to be coupled together or to allow the pipe to be connected to
25 other pipes or apparatus. However, unlike conventional pipes, such as those made of
steel, it is not possible to fashion couplings and end connections of the composite
materials very easily or to connect standard metal fiitings to the ends of composite
pipe runs. In oilfield applications, as in many industries, it is very common to employ
standard fittings, such as flanges and other couplings, with standard dimensions and
30 thread patterns or other fastener arrangements.- Accordingly, it would be highly
desirable to provide a means of connecting such standard fittings to composite pipes.
A number of approaches héve been taken to this problem. One approach is



30 thread patterns or other fastener arrangenents. Accordingly, it would be
highly desirable to provide a neans of connecting such standard fittings
to conmposvoel/pipes. A nunber of approaches have been takpOTASO 16553
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end connection is present having a segment over which the composite material is
applied. Again, the segment of the end connection is provided with a contoured
surface so as to prevent the withdrawal of the segment from the end of the riser. Ina
preferred embodiment, the end connection comprises two such segments over which
25 the composite material is wound. ThereafteAr, the two segments are forced apart in
order to provide an axial pre-load on the composite material.
It will be clear that the aforementioned approaches to the provision of end
fittings in composite pipes all require the end fitting to be present and built into the pipe
“during the fabrication process. It would be desirable to provide end fittings and a
30 method of applying them which could be applied to completed sections of composife
pipes as and when required. Further, the forms of joint disclosed in US patents
4,701,231 énd 5,771,975 have a joint capacity that is dependent upon the strength of
the composite material in the radial and circumferential directions of the pipe. This can
be very limiting on the capacity of the joint to withstand high axial loads.
35 - .US patents 5,261,462 and 5,435,867 disclose a method by which lengths of the
composite pipe describe therein may be joined. In this method, various layers of the



during the fabrication process. It would be desirable to provide end
fittings and a 30 nethod of applying them which could be applied to
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tapered surface of the connector is formed with a thread to match corresponding
threads on the inner surfaces of the end portions of the pipes. The connector may be
applied to form a joint between two lengths of completed composite pipe. However, its
application relies upon a thread being machined into the end portions of the pipes
25 being joined. Such a machining operation is undesirable, particularly when use of the
connector in remote oilfield locations is envisaged.
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application relies upon a thread bei ng machined into the end portions of
the pipes 25 being joined. Such a machining operation is undesirable,
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20 In applications in which the composite pipe assembly is to be subjected to high
axial loads, for example in drilling risers and production risers for offshore oilfield
operations, it is preferred to provide one of the inner surface of the tubular portion of
the housing and the outer surface of the forge member with at least one rib. More
preferably, both the inner surface of the tubular portion of the housing and the outer
25 surface of the forge member are provided with a rib, the ribs being offset from each
other in the axial direction of the pipe. For some applications it is most advantageous
to provide a plurality of ribs and grooves on the inner surface of the tubular portion of
the housing and the outer surface of the forge member, each rib being axially aligned
with an opposing groove. The ribs, if provided, are preferably shaped so as not to
30 Apenetrate. or puncture the surface of the composite pipe. . The ribs, if provided
preferably extend circumferentially around the exterior of the pipe and, if extending
around the entire circumference of the pipe, can provide a seal between the composite
pipe and the inner surface of the tubular portion of the housing and the outer surfade
of the forge member. The number and arrangement of the ribs may be determined by
35 the axial load capacity desired to be withstood by the composite pipe.
The composite pipe assembly may comprise an end fitting for the composite



to provide a plurality of ribs and grooves on the inner surface of the
tubul ar portion of the housing and the outer surface of the forge nenber,
each ri bvebngs7axi al |y aligned w th an opposing groove. FORUSIIBSSS3 f
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stress concentration in the composite material associated with the subsequent
deforming of the forge member.
The tubular portion of the housing is preferably deformed such that it is partially
yielded to no greater than 75%, more oreferably to no greater than 50% .of its yield
25 point.
In still a further aspect of the present invention, there is provided a method of
repairing a composite pipe comprising a pipe wall having an inner surface and an outer
surface, the pipe wall having a damaged portion, which method comprises providing a
housing having a tubular portion, the tubular portion of the housing extending around
30 the exterior of the pipe wall covering the damaged region of the wall; providing a
tubular forge member within the pipe such that-the damaged region of the pipe wall is
between the forge membef and the tubular portion of the housing; and deforming the
forge member radially outwards, thereby deforming the tubular portion of the housing
radially outwards beyond its partial yield point; whereby the tubular portion of the -
35 housing applies a radially inwards compressive force against the pipe wall and the
forge member. As before, the forge member once deformed preferably applies. a force
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outer surface of the tubular forge mber and the inner surface of the
t ubul ar port heysigg applies ﬁld'@glﬁﬁ@ compgests[ygumge rchalb{énwards against the pipe wall and

20 the forge member. The forge member is preferably formed so as to be deformable
such that it will apply a force radially outwards against the inner surface of the pipe
wall.

Brief Description of the Drawings

The present invention will be understood more fully from the detailed
25 description given herein below and from the accompanying drawings of preferred
embodiments of the invention. The description and drawings should not be taken to
limit the invention to the specific embodiments, but are for explanation' and
‘understanding purposes only.
In the drawings:
30 ‘Figure 1 is an end view of a composite pipe assembly according to the present -
invention comprising an end fitting for the pipe;
Figure 2 is a cross-sectional view of the composite pipe assembly of Figure 1
along the line Il - II;
Figure 3 is a view of a portion of the cross-sectional \/iew of Figure 2 on an
35 enlarged scale; |



menber being deformable in a radially outward direction to thereby deform
the tubular portion of the housing beyond its partial yield point, such
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Detailed Description of the Preferred Embodiments
Referring to Figures 1 and 2, a composite pipe assembly, generally indicated

as 2, comprises a composite pipe 4 with a pipe wall 5, having disposed around its end
portion a housing, generally indicated as 6. The housing 6 comprises a tubular |

20 housing portion 8 extending coaxially along the end portion of the composite pipe 4. A
tubular forge member 10 is disposed coaxially within the composite pipe 4 so as to lie
within the tubular housing portion 8. The forge member 10 and housing 6 are shown
before installation in Figures 8 and 9 respectively.

The housing 6 may further comprise a fitting for the composite pipe, for

25 example an end fitting. It is an advantage of the assembly of the present invention that
the housing may be formed with any standard fitting that is desired to be secured to
the composite pipe. Thus, the housing 6 may comprise a flange, threaded coupling,
pin or box thread. Figures 1 and 2 show the housing 6 provided with a standard flange
12 having holes 14 for accepting bolts for fastening the flange, and hence the '

30 composite pipe, to a corresponding fitting on another pipe or an apparatus, for
example a pump or a vessel.

Referring to Figure 2, the housing 6 comprises a widened bore at its end
adjacent the flange 12, forming a shoulder 16 within the housing 6 at the end of the
tubular housing portion 8 for receiving and abutting against the end of the composite -

35 pipe 4. .



according to the present invention; and Figure 10 is a cross-sectional view
of the conposite pipe assenbly of Figure 1 15 with a forging tool in
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20 In this way, the ribs may act as seals preventing the flow of fluid either into or out of
the pipe assembly. In the alternative, the ribs may extend around only a partial
circumference. While such ribs will provide an improved interference fit between both
the forge member 10 and the tubular portion 8 of the housing and the composite pipe,

“the ribs will not provide the sealing function just described.

25 Figure 3 is an enlarged view of a portion of the composite pipe 4, the tubular
housing portion 8 and the forge member 10. As shown in Figure 2 and more clearly
visible in Figure 3, the ribs 18 and grooves 20 of the tubular housing portion 8 are
arranged in an offset pattern with respect to the ribs 22 and grooves 24 of the forge |
member 10. Thus, each rib 18 of the tubular housing portion 8 is offset in the axial or

30 longitudinal direction from the rib 22 of the forge member 10, such that each rib 18 of
the tubular housing portion 8 opposes a groove 24 in the outer surface of the forge
member 10. Similarly, each rib 22 of the forge member 10 opposes a groove 20 in the
inner surface of the tubular housing portion 8. In this way, each rib 18, 22 contacts an
unsupported span of the wall 5 of the composite pipe 4. Preferably, the ribs 18, 22

35 and grooves 20, 24 extend around the entire circumference of the inner surface of the
tubular housing portion 8 and the outer surface of the forge member 10. In this way,



10 and grooves are present on just one, they are preferably present on the
I nner surface of the tubular housing portion 8. In a preferred enbodi nent,
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t he tubul ar housing portion 8 and the ouEFr surface of the forge nenber
10. Referring to Figure 2, a plurality of ribs 18 are forned on the inner
surface of the tubul ar hou5|ng portion 8. The ribs 18 are 15 separated by
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adjacent respective ends of the cylindrical sleeve 28 The sealing rings 30 and 32 act
to contain the sleeve 28 and limit its expansion in an axial direction under the action of
an applied internal pressure. In operation, the forging tool 26 is inserted into the forge
member 10, such that the cylindrical sleeve 28 of the forging tool 26 is located within

25 - the forge member 10, as shown in Figure 10. A fluid under pressure is introduced into
the interior of the foréing tool 26 from a reservoir through feed lines (not shown)
connected to the forging tool 26. Under the action of the fluid pressure, the cylindrical
sleeve 28 expands and applies a uniform pressure on the inner surface of the forge
member 10.

30 Under the action of the forging tool 26, the assembly 2 is subjected to cold
forging, as a result of which the forge member 10 is deformed by cold forging radially
outwards. This in turn deforms the wall 5 of the end portion of the composite pipe 4
and the tubular portion 8 of the housing 6. The forge member 10 is preferably
deformed to beyond its yield point such that it is fully plastic throughout its thickness.

35 The tubular portion 8 of the housing 6 is also deformed radially outwards. However,
the deformation of the forge member 10 under the action of the forging tool 26 is



5 6 fromthe end of the housing 6 opposite the end with the flange 12. The
conposite pipe 4 is inserted into the housing 6 until the end face of the
wal | 5 ofwohw9gibpe 4 abuts the shoul der 16 within the horeT/m§oBL65Bhe forge
menber 10 is then inserted into the end rtion of the conposite pi pe 4.
so as to lie totally within the tubular portion 8 of the housing 6, as
shown in Figure 2. Thereafter, the forge nenber 10 is subjected to an 10

i nt er nal preé‘@Uﬁ@SU@*Uﬂ‘ﬁFﬁ‘ieéW?U‘QrcP%@?f@ mWﬁ@Oﬂﬁﬁgélm@e ©,a partalwigld 5 of
the pipe 4, @pf Hlﬁrstrlal?;séc@fth@wrﬁr' Bélmél ﬁélortr@?o BQHﬁaé}Ptoﬁd kG fHledh 'tﬁétﬂ’ré{(\)()ﬁlfds

Means for subjecting t forge nmenber to an I nterna ressure are known in
the art. For Oémmtelng@ﬂaﬁﬂenpéhe tubylar portigy 81w bean vetprmed beypng s ym and

4, 827, 748_di 3elrpseisinhet diftagt %th@pétsrtsfo%fer r sBifBEd | Nk LBGRAbONoPHLIRE]

forces 15 As shown i n Figure 10, P IS Irnserte
f or ge frenber hoysieg 6fl%|a@f¢rgblr/@l@formgérrea arart@ yigldiroit etinagreater tha;n Zﬁ?/methaﬂ sy

cylindrical ¥BGnh&reTReH P55 o@theqrdmrn&armel aﬁlo?ﬁréetueﬁar ﬂﬁ rﬁg'or oﬁérth B eeve

28 is of aresilient material, such as a suc er
action of a pPRebsen defepped beyandiilsivield ﬁemtsrhéer@dor%rahlw trceawbulrahmrt@@rseas n

di aneter and b%érﬁ’é@ﬁ!;rrh@d %4 agh.al Yidd ‘?)HFnW@f n?ebre?%nosb% bPiRelo é@mﬁ | over

sealing rings 30 and are located circunferentially aroun e forg |ng
tool 26 adjacent Tﬂ‘ééﬁ?&fmav@"' ehihe tgsularipertion § efdhe balllS'@Q 8 éva padial yield poimdl i ng

ringsq@0 and giRs @k to fRidt@Nortied afchﬁg o tﬁeéese%ﬁuﬁ@%nté metforgt.ﬁg BYRERSLMG N an

axial direction under the action of” an appli i nternal "pressure. In
operation, tRedreyngyasy Ipparticoler.itae Pﬁ%‘é“)’c)@@lde%twutﬂﬁéoﬁ@ﬁ §eof thachaysing’®, such

that the cyI nglfés%resﬂlugﬁ’é@ra?f%r&f |n\1inr‘%isfa@'éﬁthf‘$et\/\%H!of% d ﬂo%ﬁ@b@g ANl n 25

the forge ne , as shown in Figure 10. er pressure Is
i ntroduced i taging ensurestae trapsfer ofiaxéal fagdg withintthe composiiedined taibemgasmbly

through feedjl %n'aep‘-\m\ﬁr&'é’é NTEHAVIO s Qﬂ@@ﬁ&éﬁé@l chsf taggfeev 'tﬁ@afo?@éie%ﬁbeougﬁ?r the

action of the tluid pressure, e cylin 28 expan
appl i &5 a unraﬂégfﬁqyﬁeeéwﬁéelﬁn the i nner surface of the forge nember 10. 30

Under the action ofs dndGn |@8%?P3}]¢|§ﬁ]e Bzhﬁr %h’e:])‘? f@ﬁé@gmb)ﬂglé’re:ngfo? H@hea%a‘?%aﬁo

cold forging, as a result nmenber rmed by cold
forging radi appl;catlma,\tm@mxonmtr@ forgingiionl %i’ellsd@ deform éhaviorge metbet Ih@aeqhdo
portion of t anh ng
6 The 1 or g neebeRh RS G nBomdS< bRt 4°in BCALS oft Rl REWAI T
such t hat | t 5iaf thmmrypqwta@me& lsmoot@gteelrhy rihtsserthﬂrerrﬂve&on &e lm’hae surﬁm efr

porti 8 of tﬁé‘ﬁbpﬁpﬁ Og?pdrﬁor%gpaq?girMe B 3LirYceldt ttH?fot‘ljie

t he formation o ge nenber unde e action o rgr ng t ool
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longitudinal direction from the ribs 22 on the outer surface of the forge member 10. In
this way, the wall 5 of the composite pipe 4 deforms into the grooves 20, 24 opposing
the ribs 18 and 22. In this way, the composite pipe 4 is locked to the housing 6. The

25 ribs 18, 22 are spaced to provide a uniform distribution of force along the axial length
of the tubular portion 8 of the housing 6. However, the ribs 18, 22 should be sized and
positioned so as not to give rise to a failure in the integrity of the wall 5 of the
composite pipe 4 at the point at which it contacts the ribs, as a result of local stress
concentrations brought about by the cold forging process. Further, in order to reduce

30 the possibility of the composite pipe failing at the point of contact with a rib 18, 22, the
ribs are preferably shaped, for example by being rounded, so as not to penetrate into
the wall 5 of the composite pipe 4 under the action of the cold forging process. The
number, size and spacing of the ribs 18, 22 and the grooves 20, 24 is varied according
to the axial load to be borne by the composite pipe assembly when in use.

35 Throughout the entire cold forging process, the force applied by the forging tool
26 and the residual forces remaining in the assembly are maintained at a level below
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action of t h%a?%edenf\;%ﬂd?%rg&gﬁﬁ%,sto &Bﬁde a seal on the inner surface of the composite

pipe 4 and prevent fluid leakage. Composite pipes having such liners as the liner 50
shown in Figure 4 are known in the art. Titanium is of particular use as the liner

25 material for composite pipes. The liner is typically included in the composite pipe
during the manufacturing stage, with the layers of composite material being wound
around the liner. As shown in Figure 4, the forge member 10 is located within the end
portion of the composite pipe 4 such that the outer surface of the forge member 10 is
in contact with the inner surface of the metallic liner 50.

30 Figure 5 illustrates a further embodiment of the present invention, in which the
composite pipe assembly also comprises a liner. The features of the embodiment of
Figure 5 common to those of Figures 2 and 4 have been identified using the same
reference numerals and are as described hereinbefore. Thus, the assembly shown in
Figure 5 comprises a metallic liner 56. However, the forge member 10 is integral with

35 the metallic liner 50 and is formed from the end portion of the metallic liner. If
necessary, the end portion of the metallic liner 50 may be of increased thickness, as



nunber, size and spacing of the ribs 18, 22 and the grooves 20, 24 is
varied according to the axial | oad to be borne by the conposite pipe
assenbl y wihenod7m use. 35 Throughout the entire cold forgi POT/PSOICESS, the
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unsupported portion of the wall of the composite pipe 104.

end

The method of installation of the repair assembly 102 shown in Figure 6 is the
same as described above with respect to the installation of the end fitting. Thus, the
forge member 110 is cold forged under the action of a forging tool (not shown in Figure

25 8) such that it is deformed radially outwards. This in turn deforms the composite pipe
104 and the tubular body 108 of the housing 106. The forge member is again
deformed beyond its yield point such that it is plastically deformed. The tubular body
108 of the housing 106 is deformed radially outwards to a partial yield point (as
hereinbefore defined). Again, once the forging tool is removed, the housing 106 exerts

30 a residual radial force inwards against the wall 105 of the composite pipe 104 and the
forge member 110. This residual force acts to seal the damaged portion of the wall
105 of the composite pipe 104. This seal is further assisted by the interaction of the
ribs 118, 122 and grooves 120, 124, as described above with respect to the end fitting.

In cases of severe damage to the composite pipe, it may be necessary to cut

35 - out and discard the damaged section and join the thus formed two ends of pipe.
Figure 7 illustrates the application of the assembly shown in Figure 6 to join two such



portion of the conposite pipe 4 such that the outer surface of the forge
menber 10 is in contact with the inner surface of the netallic |iner 50.
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during the manufacture of the pipe. Specifically, the layers of the wall 5, 105 of the
end portion of the composite pipe 4, 104 are wound and formed around the outside of
the forge member 10, 110. In this way, the forge member 10, 110 is present in situ in
the end portion of the pipe 4, 104. Once it has been decided to apply an assembly of

25 the present invention to the pipe, such as apply an end fitting as shown in Figure 2 or
prepare a joint as shown in Figure 7, the cold forging method described above is

- followed to install the housing 6, 106 and lock it securely to the outside of the

composite pipe 4, 104. This second embodiment lacks certain advantages of the first
embodiment, that is the second embodiment requires the composite pipe to be

30 prepared in a specific manner before installatioh of the assembly of the present
invention can take place. However, by pre-forming the end portion of the composite
pipe 4, 104 over the forge member 10, 110, the force required during the cold forging
process to install a housing 6, 106 is reduced. Further, the forces induced durihg the
cold forging process have been found to be concentrated in the radial and hoop

35 directions. This reduces the stress concentration associated with the deforming of the
composite by the ribs 18, 118, 22, 122. This in turn reduceé the potential for damage



The met hod of installation of the repair assenbly 102 shown in Figure 6 is
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The housing 6, 106 and forge member 10, 110 may be formed from any
suitable material which is susceptible to cold forging. The most convenient materials
for forming the housing 6, 106 and forge member 10, 110 are the various grades of

25 steel used in the manufacture of standard fittings. Alternatively, where required‘, the
housing 6, 106 and forge member 10, 110 may be formed from any other suitable
metal or combination of metals, for example aluminum and copper, or alloys, for
example nickel-based alloys or brass.

As already noted above, the composite pipe assembly of the present invention

30 may comprise an end fitting for the composite pipe. Alternatively, the assembly may
be employed as a repair to a damaged or ruptured composite pipe. In addition, the
assembly may be used to join two lengths of composite pipe.

It is envisaged that the forge member 10 and housing 6 shown in Figures 8 and
9 respectively may be provided as a fitting for application to existing composite pipes,

35 either directly after manufacturing of the pipe is complete or at a later time, for
example in the field. In cases in which the composite pipe as prepared includes the



In an alternative enbodi nent for the installation of an assenbly of the
present, invention, the conposite pipe itself is prepared with the fitting
of a conpoant/es7pi pe assenbly of the present invention i nP@i/d01/16653t he
alternative enbodi nent, the forge 20 nenb 10, 110 is incorporated into
the end portion of the conposite pipe 4, 4 during the manufacture of the
pi pe. Specifically, the layers of the wall 5, 105 of the end portion of
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during the cpfadugtiongi ng process to install a-housing 6, 106 is reduced.
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scopelfof t heofeethantasi desenikadin thebappieededdpints. t e pi pe 4, 104 may be any of
the conposite pipes known in the art. Typically, such conposite pipes
conprise a plurality of layers of different materials, for exanple carbon
fibers and glass fibers, in an epoxy resin matrix. Comonly, the conposite
pi pes are prepared by winding the fibers inpregnated with the epoxy resin
using the filanment w nding process around a mandrel. As an alternative, if
it is 10 required to have a netallic liner present in the finished pipe,
the filanment winding process nay be carried out around the liner itself.
The epoxy is allowed to cure, in



order to conplete the conposite structure. The selection of the materials,
the nunber, arrangenent and thickness of the individual |ayers, together
with thevwopoestrati on of the fibers in the individual |ayrewUS@arsss3
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pi pe {BIri ng BRAHERRE BIpe vil e tREdrgd R@hier, POrtion of a metallic liner in
the pi pe, as discussed above, it wll be sufficient to provide sinply a

housing 6 as shown in Figure 9. The assenbly of the present invention nmay
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3. The composite pipe assembly of claim 1, wherein the forge member applies a
force radially outwards against the inner surface of the pipe wall.

20 4. The composite pipe assembly of claim 1, wherein a rib is disposed on one of
the inner surface of the tubular portion of the housing and the outer surface of the
forge member.

5. The composite pipe assembly of claim 4, wherein the inner surface of the
tubular portion of the housing and the outer surface of the forge member each

25 comprise a rib, the rib on the inner surface of the tubular portion of the housing being
offset from the rib on the outer surface of the forge member in the axial direction of the

pipe.

6. The composite pipe assembly of claim 5, wherein the inner surface of the
tubular portion of the housing and the outer surface of the forge member each

30 comprise a plurality of ribs and grooves, each rib on one of the inner surface of the .



applications, together with choke and kill lines, and auxiliary |ines.
Finally, the assenbly finds use in the construction of tether systens for
oi | expl ov@avi/estoand production. 10 Wiile the particul ar pabodivmesiss for
the nmethod and apparatus of the present javention as herein disclosed in
detail are fully capable of obtaining the objects and advantages herein
stated, it is to be understood, that thee{tﬁare nerely illustrative of the
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are i nt ended grdaye ifediietidf hedhnéraduifade 6f the pesuddr RRtiondsT tidd héusifg and the
construction or d&@cgn herein sho 15 other than as described in the

appended cl aPHErs 197§/ PI9EEMB8H 1/ 16553 16 WHAT | CLAIMIS: 1. A
conposite pipe assenbly conprising: a pipe having a pipe wall, the pipe
wal | having an inqﬁé§surface and an outer surface; 5 a hogsin conpri si ng

a tubul ar por'tion PREOste RiRc assemily gfcdaimed whergip thedtb is ShaRecHiR RIPVEHbs ed

arounds t he oubrétetionlof tHeaikihfahe pipeé vaallt ubul ar forge menber having an outer
surface, said forge nmenber disposed wthin the housing whereby a portion

of the pipe wall is disposed between the inner surface of the tubular
portion of sgid hgusicb@pasit mb@aswmdy SLIAIRCE Werdiftié é@6ndk0 nenber; the
forge nenber havitn been deforned radjally outwards agai nst the pipe and

t he housi ng &Hd'™ ﬁ%nﬁ'ﬁ' AL EERREWAF t he housi ng havi ng thereby been
deformed radially outwards to a partial yield point; the tubular portion

of the housing apprl %i n'% a _colﬁge:rgssi ve force radiall é‘ i nwards 15 agai nst
the pi pe wal P- and 'PREOTBPEEe gsembly ofglaim:l whessin thedpbanparionehings ¢l ai m
1, wherein theuéi@@iéw@rnd?éatefe%n 509f exitsegelppyiand its yield point. 3.

o)

The conposite pipe assenbly claim1l1, wherein the forge nenber applies a
force radially outwards against the-inner surface of the pipe wall. 20 4.

The cqposi t @opi PFhaesMpbiite sibe GstiniBlylof IR £ iwhereif tHa Hoi.sm'gsm«ﬁeed on one of
the inner surface of the tubular portion of the housing and the outer

surface of tReMPHsSSAR SRchiEtRg for the pipe.

11. The composite pipe assembly of claim 1, wherein the housing and forge
member comprise a repair to the pipe.

12. The composite pipe assembly of claim 1, wherein the housing and the forge
15 member comprise a joint between two lengths of composite pipe.

13. The composite pipe assembly of claim 1, wherein the composite pipe

. comprises a metallic liner.

14, The composite pipe assembly of claim 13, wherein the forge member is formed

by an end portion of the metallic liner.

20 15. The composite pipe assembly of claim 1, wherein the assembly is a riser
selected from the group consisting of drilling risers and production risers.

16. A method of preparing a composite pipe assembly, the composite pipe having
a pipe wall having an inner surface and an outer surface, which method comprises:
providing a housing having a tubular portion around the exterior of an end
25 portion of the pipe wall;
providing a tubular forge member within the pipe, whereby the end portion of



5. The conposite pipe assenbly of claim4, wherein the inner surface of the
tubul ar portion of the housing and the outer surface of the forge nenber
each 25 ovoprdseta rib, the rib on the inner surface of thkeTwsM6833 portion
of the housing being offset fromthe ribyen the outer surface of the forge
menber in the axial direction of the pipe. 6. The conposite pipe assenbly
of claim5, wherein the inner surface of the tubular portion of the

housi ng and fhePiBtivall e¥iandubeween thedorasrpemhendikt the ddnlasporiasfithe a
plurality of heiidasg:aRd grooves, each rib on one of the inner surface of the
WO 01/98701 PCT/ US01/ 1_6553 17 tubul ar dDortl on of the housing and the outer
surface of the fofgOrmiBglhe fugpBemis rdially syinards, thergby,defermipg thenigbylaher

surface of t beribh et hdeRinyirada®f olthsrds Bk Mbgtsqmtél Rid patheer surface of the
forge msn‘nerB 7. The conpogl te |1|§’|fpe assenz c'a?m 4}%4\Nhere| ntheribis

shaped® to prevent Wherehy s fultiapRoigen pﬁ@emﬂsmaﬁepw@ icisdy inwards 8. The

conposi te pi _esmee%sxv@lfafc@E Sihatithe f}.pe\omraﬂumhé Rfgd Mgt ends
circunferenti al ar ound t e pipe wall. 9. The ctonposite pipe assenbly of

claim1l, whereln t he tubul ar portlon of the housing is yielded to no

greater than150% he itethot &1 dkimCIe) Wwherkth the forhlBendiAbaIas héBrRéPBey@haqabl vy of
claim1, wherein the housing further conprises an end fitting for the

pi pe. 11. Th¥elRAsite pi pe assenbly of claim 1, wherein the housing and
forge member conprise a repair to the pipe. 12. The conposite pipe
assenbly of claim]l, wherein the housing and the forge 15 nenber conprise

a joint betwddn tWBe mathchef “éﬁ'mc@nﬁ@@ieﬂrbthﬁlf?f@e megnberhencesifiergiedeaprlise a

assemy y of ¢drad Aadially WORIRENaddI0st GRTPAS dufraBé afethegfmmwéuﬁe_s a metallic
liner. 14. The conposite pipe assenbly of clai'm13, wherein the forge

menber is formed by an end portion of the netallic liner. 20 15. The
conposite pipg, assﬁ@héﬂh@& oftigintMé.: wH@P&ﬁ%é‘foPdlﬁm@ﬁr%@F@'pYow&edadJrin Ghe

selected fromthe grouF consisting of drilling risers and production

risers. 16. Aaparation ob epﬁO@wsmglpa, b8 epd Pottiongif fhe cesapasiie pivetieingdermessi t e
pi pe having t@o@rli%eth%h{erléaﬁéé%fatﬁefd?ﬁ'@ﬁ'neﬂbref'ace and an outer surface,

whi ch net hod conpri ses:
20.  The method of claim 16, wherein a rib is disposed on one of the inner surface
15 of the tubular portion of the housing and the outer surface of the forge member.

21. The method of claim 20, wherein the inner surface of the tubular portion of the

housing and the outer surface of the forge member each comprise a rib, the rib on the

inner surface of the tubular portion of the housing being offset from the rib on the outer
~ surface of the forge member in the axial direction of the pipe.

20 22. The method of claim 21, wherein the inner surface of the tubular portjon of the
housing and the outer surface of the forge member each comprise a plurality of ribs
and grooves, each rib on one of the inner surface of the tubular portion of the housing
and the outer surface of the forge member opposing a groove in the other of the inner
surface of the tubular portion of the housing and the outer surface of the forge

25 member.

23. The method of claim 20, wherein the rib is shaped to prevent penetration of the
rib into the pipe wall. ‘

24, The method of claim 20, wherein the rib extends circumferentially around the



provi di ng a housi ng having a tubular portion around the exterior of an end
25 portion of the pipe wall; providing a tubular forge nenber within the

pi pe, whavebydg’he end portion of WO 01/98701 PCT/ US01/ 165BGT/801t86853pi pe
wal | extends between the forge nenber and.¢he tubular portion of the

housi ng; and deform ng the forge nenber radially outwards, thereby
deformng the tubular portion of the housing radially outwards beyond its
partial vyiel 8Pgd¥alk; whereby the tubular portion of the housing applies a
radially inwards conpressive force against the pipe wall and the forge
menber. 17. The nmethod of claim 16, wherein the forge nenber is defornmed
beyond its ¢Pel d Theimathod of claime! Grshgesin e tebyarmrorion ofibe diaysingds vieldge
nenber, once g greaRs thaPsdd @8 itstyieihditr ce radi al |y outwards against the

i nner surface of the pipe wall. XQ. The met hod of claim 16, wherein the
forge nenber is provided during the preparation of the conposite pipe, the
end portion of theheprERGd bcidnPs, WAkeRSh e dBRiboskOpip¥ 8EsdRbly B8mBHE&an |
surface of the forge menber. 20. the nethod of clalim 16, wherein arib is
di spostd on 8ReMiPTiRteRiPRr surface 15 of the tubul ar portion of the
housi ng and the outer surface of the forge nenber. 21. The method of claim
20, wherein the inner surface of the tubular portion of the housing and
the outer suffaceTHe maioq efrdaimniGbereinihe coptAgsite Bipg assgmbly gamprigesch t he

i nner surf ac@igtfbetvitent tBWnarpoRnkiopBipef t he housing being of fset fromthe
rib on the outer surface of the forge nmenber in the axial direction of the
pi pe. 20 22. The nethod of claim 21, wherein the inner surface of the
tubular portbgn ofp rh@lﬁodBPFé?aﬂ;ﬂg%rﬁﬂb@it@pr@rcoﬁ#bﬁgiﬁg% five WEBhARRPEN [FREPET
each conprise a plurality of ribs and grooves, each rib on one of the

i nner sur f ac8udAce e aneHiesuriase the Rinsiwallhaving asdarpagesreriion whighapetbod f ace
of thg forgechm s: opposing a groove in the other of the inner surface of
the tubul ar portion of the housing and the outer surface of the forge 25

menber. 23. The mtayisingd heusingrhanang akbular pottien, iheubularqiesiinndofitie hewsinent
o or o . BHgh FYRl S Bt B0l BB BBl o 1
providing a tubular forge member within the pipe such that the damaged region
of the pipe wall is between the forge member and the tubular portion of the housing;
15 and A
deforming the forge member radially outwards, thereby deforming the tubular
portion of the housing radially outwards beyond its partial yield point;
whereby the tubular portion of the housing applies a radially inwards

compressive force against the pipe wall and the forge member.

20 29. The method of claim 28, wherein the forge member is deformed beyond its

yield point.

30. The method of claim 28, wherein the forge member, after being deformed,
applies a force radially outwards against the inner surface of the pipe wall.

31. A fitting for a composite pipe comprising a pipe Wall having an inner surface
25 and an outer surface, the fitting comprising:
a housing comprising a tubular portion having an inner surface, which tubular
portion is sized to extend around the exterior of a porﬁon of the pipe wall;
| a tubular forge member, having an outer surface, for location within the

composite pipe, whereby a portion of the of the pipe wall is between the outer surface |



WO 01/98701 PCT/ US01/ 16553 19 pipe wall. 25. The nethod of claim 16,
wherein the tubular portion of the housing is yielded to no greater than
50% of i twOyi/ed70h poi nt. 26. The net hod of claim 16, wher ePOTAURE/BEIBPOSI t €
pi pe assenbly conprises an 5 end fittings§o the pipe. 27. The nethod of
claim 16, wherein the conposite pipe assenbly conprises a |joint bet ween
two end portions of fg 28. A nmethod of repairing a conposite pip

conpri si ng a®pihgdukigan raaMaHbLeANdhg inneg ﬁ\‘ﬁf%F@eOfé*PﬁthQH@{)B?@P” §W‘Pé’@é3m9,he

pi pe wal | having gh@paRefbrgdmehiber bam?abfoﬁﬁéthe% ailéhléa@raaﬁw&r@%weardﬁ%dl ng a
housi ng having a tubul ar portion, the tubular portion of the housing

ext endi ng ar Hlﬂﬁ?f’yt‘Fﬁé‘o@?(f'@'tPB‘t‘|ab|?°r§'q’fb°fﬁh?)5°V§i'P9 éﬁtﬁrﬁ’éﬁﬁﬁweﬁd}?ﬂﬁe‘wchegl on

of the wall; tha@ﬂ%VﬁjﬂulaﬂﬂéﬁxéNBfJﬂhéfhoUQhQ@Bﬂ%@%sm&lmomﬁr%n@fBI%e5‘ré'&iQIIyt hat
t he damaged regi on of etween the forge nenber and

tubul & portf r%?as%ﬂﬁ%elpwa" and thef@rassn8mkehg t he forge nenber rad| ally
outwards, thereby deform ng the tubular portion of the housing radially

outwards beyond its partial yield Em nt: whereby the tubular portion of the
housi ng appl P8s a TP&AtRCIQ) claian dehereiripe Exge emhsy isceferaiabia s avtoAnsY wal |

and the forgg foRERAdially28Utwirds HI8inEEthE AtheP burfdcai dtBpipekpaiei n the forge
menber is deforned beyond its vyield point. 30. The rret hod of claim 28,

wherein the forge nmenber, after.being defornmed, applies a force radially

outwards agaBpst trhe fittgest clith f34Cﬁ|rtﬁér é&hﬂ)rﬁln@% NBbh ond &f thé ofuletrtshﬁﬂcé 6’fr a
conmposi te pipe conprising a aving an inner surface 25 and an

outer surfacéhe forge 'F‘PE“PPP@“Q:%W’?%|SHGa°eanHB%§inl§‘rEﬁﬁ'ﬁﬁloﬂh?d”'oa's'ﬂgbul ar
portion having an inner surface, which tubular portion is sized to extend
around the exterior of a portion of the pipe wall; a tubular forge nenber,

havi ntf an oudér sdbedtieg °ff glaim é@a‘ﬁ’h%?ﬁ'n\ﬁm Hnar suriace ob Hedubular partien ofher eby a

portion of t h6ué?ﬁ2%éﬁt?tr@ RerVBitace 8 B FIVEE thdnfer QBER EoBfide?s fib M Al oAGHO L
PCT/ US01/ 16553
inner surface of the tubular portion of the housing being offset from the rib on the outer
surface of the forge member in the axial direction when the forge member and housing

are assembled with the pipe.

16 35.  The fitting of claim 34, wherein the inner surface of the tubular portion of the
housing and the outer surface of the forge member each comprise a plurality of ribs
and grooves, each rib on one of the inner surface of the tubular portion of the housing
and the outer surface of the forge member opposing a groove in the other of the inner
surface of the tubular portion of the housing and the outer surface of the forge

20 member, when the housing and forge member are assembled with a pipe.

36. The fitting of claim 33, wherein the rib is shaped to prevent penetration of the
rib into the pipe wall.

 37.  The fitting of claim 33, wherein the rib extends circumferentially.

38.  The fitting of claim 31, wherein the housing further comprises an end fitting for
25 the pipe. '

39.  The fitting of claim 31, wherein the housing and forge member comprise a
repair to the pipe.



of the tubular forge nmenber and the inner surface of the tubular portion of
the housing; the tubular forge nenber being defornmable in a radially
outward aveeud’on to thereby deformthe tubul ar portion oPCTHSIIMGES ng
beyond its partial yield point, such that,the tubular portion of the
housi ng applies a residual conpressive force radially 5 inwards agai nst
the pipe wall and the forge nenber. 32. The fitting of claim3l, wherein
the forge nedBer iThedtiingrafalsine 33 ovhereindheippiising a fdrge oembed camprjsecajoimr ds
agai nst the | d nipe wall. 33. The fitting of claim 31,
further coin?@?%S%ga%ﬁgﬁgﬁkgagpgpéihe outer surface of the forge nenber
and the inner surface of the tubular portion of the housing. 10 34. The
fitting of claim33, wherein the inner surface of the tubular portion of
the housing and the outer surface of the forge nenber each conprise a rib,
the rib on the inner surface of the tubular portion of the housing being
offset fromthe rib on the outer surface of the forge nenber in the axial
di rection when the forge nenber and housing are assenbled with the pipe.
15 35. The fitting of claim 34, wherein the inner surface of the tubular
portion of the housing and the outer surface of the forge nenber each
conprise a plurality of ribs and grooves, each rib on one of the inner
surface of the tubular portion of the housing and the outer surface of the
forge nmenber opposing a groove in the other of the inner surface of the
tubul ar portion of the housing and the outer surface of the forge 20
menber, when the housing and forge nenber are assenbled with a pipe. 36.
The fitting of claim33, wherein the rib is shaped to prevent penetration
of the rib into the pipe wall. 37. The fitting of claim 33, wherein the
rib extends circurnferentially. 38. The fitting of claim31, wherein the
housing further conprises an end fitting for 25 the pipe. 39. The fitting
of claim 31, wherein the housing and forge nenber conprise a repair to the
pi pe. WO 01/98701 PCT/ US01/ 16553 21 40. The fitting of claim 31, wherein

t he housing a forge nenber conprise a joint between two end portions of

pi pe.



