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@0 (57) Abstract: A reinforced pipe section (100) comprises a metal pipe (110), a layer of dry- fibers (120) disposed around the metal
c pipe (110), and an external liner (130) covering the layer of dry fibers (120). A method of manufacturing a reinforced pipe section
(100) comprises wrapping a layer of dry fibers (120) over a metal pipe (110), and covering the layer of dry fibers (120) with an
external liner (130), thereby forming a first dry fiber (120) wrapped metal pipe (110). A method of reinforcing a degraded metal
pipe (110) comprises wrapping the degraded metal pipe (110) with a layer of dry fibers (120) to increase the hoop strength of the

3 degraded metal pipe (110), and covering the layer of dry fibers (120) with an external liner (130).
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DRY FIBER WRAPPED PIPE

FIELD OF THE INVENTION
[0001] The present disclosure relates generally to reinforced metal pipe sections comprising
dry fiber wrapped metal pipes for use in high-pressure tluid transport applications, and methods for
manufacturing reinforced pipe sections of this type.

BACKGROUND

[0002] As the worldwide demand for natural gas grows, the need to develop remotely located
sources of natural gas becomes increasingly more important. Often, however, the high cost of
building the infrastructure necessary to deliver natural gas from such remote locations negates the
financial incentives to develop these sources. Thus, there is a need to reduce the costs associated
with constructing facilities such as pipelines to deliver natural gas to market.
[0003] In recent years, several major oil and gas companies have invested significant resources
into developing high strength steels for use in large diameter natural gas pipelines, such as
pipelines ranging from 36-inches to 54-inches in diameter. A shorthand terminology has been
developed by American Petroleum Institute (API) Specification SL to designate grades of line pipe
steel using the letter “X” followed by a number corresponding to its minimum yield strength. For
example, X100 steel has a minimum yield strength of 100,000 pounds per square inch (ps1), and
similarly, X120 steel has a minimum yield strength of 120,000 psi. Generally, grade X70 or lower
is considered “conventional strength steel”, whereas grades above X70 are considered “high
strength steel”, typically beginning at grade X80.
[0004] High strength steel has a relatively low crack resistance, so if a ptpe were to become
damaged and a crack were to form, that crack may propagate along the pipeline for many miles.

To prevent these running cracks, crack arrestors may be placed at locations along the pipeline, for
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example, every two to four miles. A crack arrestor may comprise a welded steel ring or a bonded
composite ring disposed around the outer surface of a pipe. Representative composite crack
arrestors are manufactured and sold by Clock Spring Company, L.P. of Houston Texas. In
addition, high strength steel manufacturing capacity is low, welding of high strength steel is
complicated, and high strength steels have a lower plastic strain capacity than conventional steels,
which may limit their use in applications requiring a high plastic strain capacity, such as pipelines
installed in permafrost and seismic areas, for example.

[0005] Thus, to develop remotely located sources of natural gas, a need exists for an

economical means to deliver such gas to market.
SUMMARY OF THE INVENTION

[0006] The present invention relates to a reinforced pipe section comprising a metal pipe, a
layer of dry fibers disposed around the metal pipe, and an external liner covering the layer of dry
fibers. In an embodiment, the layer of dry fibers increases the hoop strength of the metal pipe. In
other embodiments, the metal pipe is comprised of conventional steel pipe having a yield strength
of approximately 70,000 psi (X70) or less, or high strength steel pipe having a minimum yield
strength of greater than 70,000 psi. The metal pipe may comprise a corrosion resistant alloy. In an
embodiment, the metal pipe arrests a crack that may develop during service. The metal pipe may
comprise bare pipe or coated pipe, wherein the metal pipe may be pre-coated with an organic
coating or with an anodic metallic coating. In other embodiments, the metal pipe is corrosion
protected by an aluminum anode strip wound onto the metal pipe, or by a pH spiking salt applied
to the layer of dry fibers. In another embodiment, the metal pipe comprises a degraded pipe.

[0007] The dry fibers may be selected from the group consisting of: glass fibers, carbon fibers,

high density polyethylene fibers, or amid fibers, and the layer of dry fibers may comprise a ribbon
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of multiple parallel strands with each strand consisting of many continuous filaments. The external
liner may comprise a sprayed-on or a wrapped on liner. In an embodiment, the external line
comprises an elastomeric liner that comprises polyurea, polyurethane, or HNBR rubber. In another
embodiment, the external liner comprises a welded metal wrapping formed around the dry fibers.
In yet another embodiment, the external liner forms a moisture barrier.

[0008] The metal pipe may comprise a wall thickness sufficient to withstand the axial loads
imposed during service. In an embodiment, the layer of dry fibers has a thickness substantially
equal to the wall thickness of the metal pipe, and the layer of dry fibers may approximately double
the hoop strength of the metal pipe. The metal pipe may have a nominal diameter in the range of
64-inches or less. In an embodiment, the reinforced pipe further comprises an insulating layer. In
various embodiments, a gas pipeline, a liquid pipeline, a riser, or a choke and kill line comprises
the reinforced pipe section.

[0009] In another aspect, the present invention relates to a method of manufacturing a
reinforced pipe section comprising wrapping a layer of dry fibers over a metal pipe, and covering
the layer of dry fibers with an external liner, thereby forming a first dry fiber wrapped metal pipe.
In an embodiment, wrapping the layer of dry fibers comprises hoop winding a plurality of dry
fibers around the metal pipe. In various embodiments, covering the layer of dry fibers with an
external liner comprises spraying on a coating or wrapping on a liner. In yet another embodiment,
the method includes wrapping a layer of insulating material over the layer of dry fibers. The
method may further comprise positioning a second dry fiber wrapped metal pipe adjacent to the
first dry fiber wrapped metal pipe, connecting the second dry fiber wrapped metal pipe to the first
dry fiber wrapped metal pipe via a weld, wrapping the weld with a layer of dry fibers, and creating

an external liner over the layer of dry fibers disposed around the weld, thereby forming a dry fiber
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wrapped weld area. In an embodiment, the first and second dry fiber wrapped metal pipes are
formed in a manufacturing facility and the dry fiber wrapped weld area is formed at a field
location.

[0010] In yet another aspect, the present invention relates to a method of reinforcing a
de graded metal pipe comprising wrapping the degraded metal pipe with a layer of dry fibers to
increase the hoop strength of the degraded metal pipe, and covering the layer of dry fibers with an

external liner.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] For a more detailed description of the present invention, reference will now be made to
the accompanying drawings, wherein:
[0012] Figure 1 is an enlarged cross-sectional side view of a dry fiber wrapped metal pipe;
[0013] Figure 2 is an enlarged end view of the dry fiber wrapped metal pipe of Figure 1;
10014] Figure 3 is a perspective side view of a metal pipe section as it is being wrapped with
dry fiberglass fibers;
[0015] Figure 4 is a perspective side view of the dry fiber wrapped pipe section of Figure 3 as
it is being sprayed with a coating that forms an external elastomeric liner;
[0016] Figure 5 is an enlarged side view of two dry fiber wrapped pipe sections, each wrapped
and sprayed as depicted in Figures 3 and 4, prior to being welded together;
[0017] Figure 6 is a perspective side view of the two pipe sections shown in Figure 5 welded

together, with the weld area being wrapped with dry fiberglass fibers;

[0018] Figure 7 is a perspective side view of the welded pipes of Figure 6 after the weld area

has been wrapped with dry fibers and then sprayed with a coating that forms an external

elastomeric liner; and
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[0019] Figure 8 is a perspective side view of the welded pipes of Figure 7 after being tested to

a failure pressure of approximately twice the failure pressure of the welded pipes without the dry

fiber overwrap.

NOTATION AND NOMENCLATURE
[0020] Certain terms are used throughout the following description and claims to refer to
particular assembly components. This document does not intend to distinguish between
components that differ in name but not function. In the following discussion and in the claims, the
terms “including” and “comprising” are used in an open-ended fashion, and thus should be
interpreted to mean “including, but not limited to ...”.
[0021] As used herein, the term “pipe” refers to any tubular that carries pressurized gasses or
liquids, such as a pipeline, a riser, a flow line, and a choke and kill line, for example.
10022] As used herein, the terms "pressure capacity”, "pressure rating", and "hoop strength”
of a pipe all refer to the amount of internal pressure, as measured in pounds per square inch (ps1),
that the pipe is capable of containing without failing in the radial direction by burst.
[0023] As used herein, the terms "axial strength" and "axial capacity" of a pipe both reter to
the axial load, as measured in psi, that the pipe is capable of withstanding without parting
axially.
[0024] As used herein, the term "conventional strength steel" refers to a steel having a
minimum yield strength of 70,000 psi or less, namely X70 grade or lower grade steel.
[0025] As used herein, the term "high strength steel" refers to a steel having a minimum
yield strength greater than 70,000 psi, namely greater than X70 grade steel.

[0026] As used herein, the term “corrosion resistant alloy” refers to materials containing

alloying elements, such as nickel, chromium, titanium, or cobalt. These materials include
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stainless steels, nickel-based alloys, titanium alloys, and the like. Commonly used grades are
austenitic stainless steels such as alloy 316, martensitic stainless steels such as alloy 13 Cr,
duplex stainless steels such as alloy 22035, and nickel-based alloys such as alloy 625.
DETAILED DESCRIPTION

[0027] Various embodiments of a dry fiber wrapped pipe will now be described with reference
to the accompanying drawings, wherein like reference numerals are used for like features
throughout the several views. There are shown in the drawings, and herein will be described in
detail, specific embodiments of dry fiber wrapped pipe with the understanding that this disclosure
is representative only and is not intended to limit the inventton to those embodiments 1illustrated
and described herein. The embodiments of dry fiber wrapped pipe and the methods of
manufacturing such pipe disclosed herein may be used in any metallic pipeline system that is
limited by its pressure rating, whether due to high-pressure gas or liquid. One of ordinary skill in
the art will readily appreciate that the various embodiments of dry fiber wrapped pipe may be
utilized in any type of pressurized fluid system. Moreover, the methods disclosed herein may be
utilized to increase the pressure rating of previously installed pipe that may be a component of a
pipeline, riser, choke and kill line, or some other high-pressure system, that has degraded due to
corrosion, erosion and/or wear.

[0028] Figure 1 and Figure 2 schematically depict a representative reinforced pipe section 100
in cross-sectional view and in end view, respectively. The reinforced pipe section 100 comprises a
metal tubular or pipe 110, a layer of dry fiber 120 hoop-wound over the metal pipe 110, and a
sprayed-on external elastomeric liner 130. One skilled in the art will recognized that other material

layers may optionally be included in the reinforced pipe section 100, such as a layer of thermal

insulation material like areogel, for example.
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[0029] In one embodiment, the metal pipe 110 may be constructed of a corrosion resistant
alloy for transporting corrosive gas or liquids. One such application may be a flow line
transporting corrosive wet gas, where such flow lines are typically 8-inches to 14-inches in
diameter. For larger diameters, the metal pipe 110 may be constructed of carbon steel pipe that is
internally clad with a corrosion resistant alloy. For dry gas applications, the metal liner or pipe 110
may be a typical 40 to 60-foot long pipe joint constructed of conventional strength steel, such as
X70, for example, that is 36-inches to 54-inches in diameter. Conventional strength steel 1s far
more desirable than high strength steels because of its ready commercial availability, high crack
arrest resistance, high plastic strain capacity and ease of welding. The wall thickness of the metal
pipe 110 may vary. In one embodiment, the wall thickness is determined based on the anticipated
axial load on the reinforced pipe section 100, and the hoop strength of the reinforced pipe section
100 is established by both the wall thickness of the metal pipe 110 and the thickness of the dry
fiber layer 120.

[0030] The layer of dry fiber 120 comprises a ribbon of multiple parallel strands with each
strand consisting of many continuous filaments, such as a bundle of glass fiber, carbon fiber, high
density polyethylene fiber, amid fiber, or other similar material. The purpose of the dry fiber layer
120 is to increase the hoop strength of the reinforced pipe section 100, and therefore its pressure
rating. Under a given internal pressure load, the relationship between the hoop stress (os) and the
axial stress (o,) in a bare metal pipe 110 is set out as shown 1n the following equation:

Os =2 X Oy
Therefore, if the wall thickness of the metal pipe 110 were selected to satisfy the axial stress (o,)

requirement, then the metal pipe 110 would only be able to withstand half the hoop stress (o)

requirement.
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[0031] This means the ability of a bare metal pipe 110 to withstand the internal pressure load 1s
limited by its hoop strength. Application of a dry fiber layer 120 surrounding the metal pipe 110
can significantly increase the hoop strength, and the pressure rating, of the reinforced pipe section
100. For example, as discussed in the Examples section herein, testing and analysis have shown
that the application of a dry fiber layer 120 comprising fiberglass of a thickness approximately
equal to the wall thickness of the metal pipe 110 approximately doubles the hoop strength, and
therefore the pressure rating, of the reinforced pipe section 100. One skilled in the art may readily
appreciate that the thickness of the dry fiber layer 120 may vary depending upon the fiber material
used, the wall thickness of the metal pipe 110, the desired pressure rating of the reinforced pipe
section 100, and other factors.

[0032] An external liner 130 surrounds the dry fiber layer 120 and may comprise an
elastomeric liner such as polyurea or polyurethane, a rubber like HNBR rubber, or other similar
material. In another embodiment, the external liner 130 may comprise a welded metal wrapping
formed around the dry fiber layer 120. The purposes of the external liner 130 are two-fold. First,
the dry fiber layer 120 may be loose, such that the external liner 130, when sprayed on or wrapped
over the dry fiber layer 120, acts to hold the dry fiber layer 120 together and onto the metal pipe
110. Second, the external liner 130 may act as a moisture barrier to prevent moisture from
becoming trapped within the dry fiber layer 120 and eventually causing corrosion along the outer
surface of the metal pipe 110. One skilled in the art may readily appreciate that the thickness of
the external liner 130 may also vary. In various embodiments, the metal pipe 110 may initially be
bare or may be coated for corrosion resistance, such as to resist any moisture that may become
trapped in the dry fiber layer 120 should the external liner 130 become damaged. In an

embodiment, the metal pipe 110, particularly one made of carbon steel, is pre-coated with an
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organic coating such as epoxy or special coating gel, or an anodic metallic coating such as
aluminum or zinc that is sprayed onto the outer surface of the metal pipe 110. In another
embodiment, a carbon steel metal pipe 110 may be corrosion protected by winding an aluminum
anode strip onto the metal pipe 110, or by incorporating a pH spiking salt into the dry fiber layer
120 that acts to increase the pH of any water that may ingress around the metal pipe 110, thus
reducing the corrosion rate. In still another embodiment, a coating of polyethylene may be
extruded onto the outer surface of the metal pipe 110 1in a conventional manner.

[0033] As shown in Figure 1, during manufacture of the reinforced pipe section 100, the ends
140 of the metal pipe 110 may remain bare, meaning they are not wrapped with a dry fiber layer
120 nor sprayed with a coating that dries to form an external elastomeric liner 130. During the
installation process, adjacent reinforced pipe sections 100 are welded together at these ends 140.
Hence, it may be desirable to keep the ends 140 of the metal pipe 110 free from a dry fiber layer
120 and an external elastomeric liner 130 prior to installation to ensure an eftective weld.

[0034] Figure 3 through Figure 7 schematically depict one embodiment of a manufacturing
method for the reinforced pipe section 100 of Figure 1 and Figure 2. As shown in Figure 3, the
manufacturing method begins with a metal pipe 110, such as a joint of conventional strength steel,
being mounted onto a fiber-winding machine 150 where continuous filaments of dry fibers 1235 are
pulled from a plurality of spools (not shown) and routed through an alignment device 160 to be
wrapped around the metal pipe 110. The metal pipe 110 may be secured at both ends 140 and
rotated via the fiber-winding machine 150 as the dry fibers 125 are wrapped around the metal pipe
110 from one end to the other and back again, continuing in a hoop-winding fashion until the dry

fibers 125 have been applied to the desired thickness to form a dry fiber layer 120.
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[0035] Referring now to Figure 4, after the metal pipe 110 has been wrapped with a dry fiber
layer 120 to a desired thickness, the fiber-wrapped metal pipe 110 is then removed from the fiber-
winding machine 150, and the ends 140 of the metal pipe 110 may be taped or otherwise covered
so that a coating 135 may be sprayed on over the dry fiber layer 120 using a paint gun or other
device, whether automatéd or hand-held. Covering the ends 140 of the metal pipe 110 prevents
application of the coating 135 to these surfaces, which will ultimately be the weld area during
pipeline installation. In an embodiment, the sprayed-on coating 135 dries to form an external
elastomeric liner 130 at room temperature and requires no curing. Once this external elastomeric
liner 130 is dry, the tape or other covering may be removed from the ends 140 of the metal pipe
110.

[0036] In other embodiments, the external liner 130 is applied over the dry fiber layer 120
before removing the metal pipe 110 from the fiber-winding machine 150. In one embodiment, the
external liner 130 is applied by wrapping an uncured HNBR rubber tape or equivalent around the
dry fiber layer 120, which 1s then cured by heating. In another embodiment, the external liner 130
is applied by spiral welding a metal sheet wrapped around the dry fiber layer 120. Then the
reinforced pipe section 100 is ready for transport to the installation site.

[0037] Upon arrival at the installation site, two reinforced pipe sections 100 may be positioned
end 140 to end 140 for welding as shown in Figure 5. After the welding is completed, each weld
area 170 may be wrapped with a layer of dry fiber 120 to reinforce the weld, as shown in Figure 6,
and then sprayed with a coating 135 that dries to form the external elastomeric liner 130 around the
weld area 170, as shown in Figure 7. Figure 6 depicts the weld area 170 being wrapped with dry
fibers 125 by a fiber-winding machine 150 in a shop, but the weld area 170 may also be field-

wrapped using a special winding machine that rotates around the welded reinforced pipe sections
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100, which remain stationary. This type of field-winding machine is commonly used for
fabricating a continuous and spoolable composite pipe.

[0038] The use of the reinforced pipe sections 100 described herein offers many advantages as
compared to alternatives such as high strength steel pipe and composite wrapped steel pipe. A
metal pipe 110 comprising conventional strength steel is available from many suppliers worldwide,
unlike high strength steel pipe, which is manufactured by only a handful of steel mills, resulting in
high purchase prices and delivery times of up to several years. Conventional strength steel 1s also
self-arresting to prevent the running of cracks and eliminate the need for crack arrestors, unlike
high strength steel. The dry fiber layer 120 of the reinforced pipe section 100 allows for higher
internal pressures with a thinner pipe wall of the metal pipe 110, thereby reducing weight and
transportation cost because the density of the dry fiber is less than 1/3 the density of steel.
Furthermore, the layer of dry fiber 120 acts as a thermal insulator, reducing the cost of heating or
cooling requirements. Moreover, using a thinner pipe wall reduces the cost of welding and
fabrication.

[0039] The reinforced pipe section 100 disclosed herein is also advantageous over composite
wrapped steel pipe because it does not require the application of a resin nor subsequent curing
during fabrication, which also reduces time and expense. In addition, field welding the reinforced
pipe section 100 is far less complicated than field welding composite wrapped pipe because the
high temperature limitation for dry fibers 125 exceeds 600°C, whereas the high temperature
limitation for the composite material is approximately 150°C. Further, the layer ot dry fibers 120
is far lighter than a composite material, so transportation costs are lower.

'[0040] The reinforced pipe section 100 disclosed herein is also cost effective when the metal

pipe 110 comprises a corrosion resistant alloy since only half of the wall thickness 1s required to
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achieve the same pressure rating by using an overwrap of dry fibers 125, which are far lighter and
less expensive than corrosion resistant alloys. For example, fiberglass fibers have a strength of
more than four times that of duplex stainless steel, a density of less than 1/3 of duplex stainless
steel, and a cost of approximately 1/10™ that of duplex stainless steel.

EXAMPLES
[0041] Various tests were conducted to demonstrate the feasibility of using conventional
strength steel pipe wrapped with dry fibers as an alternative to high strength steel or composite
wrapped steel in high-pressure applications.
[0042] One section of 12-inch nominal diameter X70 pipe having a wall thickness of 0.25
inches was hoop-wound with 0.35 inches of dry fiberglass and then sprayed with a 0.1 inch layer
of polyurea, which dried to form an elastomeric liner. An internal pressure of 4,500 ps1 was
applied to the pipe section for approximately 5 minutes and then released. The internal pressure
was then increased to failure, which occurred at approximately 7,800 psi at a girth weld.
[0043] This test indicates that the layer of dry fiberglass significantly increased the pressure
rating of the X70 pipe and also changed the failure mode from hoop (burst) to axial failure.
Without the fiberglass wrap, the 12-inch X70 pipe with a wall thickness of 0.25 inches should have
failed by burst pressure at approximately 3,900 psi, which is the pressure at which the axial stress
in the X70 pipe was expected to have reached the ultimate tensile strength of the X70 steel, which
is 93,600 psi. Therefore, the 0.35 inch thick layer of dry fiberglass approximately doubled the
pressure rating of the X70 pipe.
[0044] As a point of comparison, this test was repeated with another section of 12-inch
nominal diameter X70 pipe having a wall thickness of 0.25 inches, but instead of being wrapped

with dry fibers, this pipe section was hoop-wound with a composite laminate comprising fiberglass
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in an epoxy resin, and then the section was placed in a furnace to cure the composite. An internal
pressure of 4,500 psi was applied to the pipe section for approximately 5 minutes and then
released. Then, internal pressure was increased to failure, which occurred at approximately 7,400
psi at a girth weld. This test indicates that the dry fibers are at least as effective as the composite
overwrap in terms of increasing the pressure rating of the X70 pipe.

[0045] To test the strength of a field-wrapped weld area, two sections of 12-inch nominal
diameter X70 pipe, each approximately 2 feet long and each having a 0.25 inch wall thickness,
were pre-wrapped with 0.35 inches of dry fiberglass and sprayed with a 0.1 inch layer of polyurea,
leaving an exposed weld area of approximately 3-inches at one end of each pipe section.

[0046] The two pipe sections were then welded together, and the exposed weld area was
wrapped with approximately 0.35 inches of dry fiberglass and sprayed with a 0.1 inch layer of
polyurea to form an elastomeric liner over the weld as shown in Figure 7. End caps were welded
to the other end of each pipe section. An internal pressure of 4,500 psi was applied to the two
welded pipe sections for approximately 5 minutes and then released. Then, internal pressure was
increased to failure, which occurred at approximately 7,800 psi at the girth weld between the pipe
sections. However, the failure was not catastrophic. Instead, as shown in Figure 8, the damage
was localized to the area of the girth weld 170, where a section of the dry fiber layer 120 expanded
and tore apart, thereby creating a small rip in the external liner 130 and exposing the torn dry fibers
120. This test indicates that field-wrapped weld areas are just as effective as pre-wrapped pipe

sections in terms of increasing the pressure rating of the X70 pipe.
[0047] While various embodiments of the reinforced pipe section comprising a dry fiber
wrapped metal pipe and corresponding methods of manufacturing such reinforced pipe sections

have been shown and described, modifications thereof can be made by one skilled in the art
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without departing from the spirit or teaching of this invention. The embodiments described herein
are representative only and are not limiting. Many variations and modifications of the apparatus
and methods are possible and are within the scope of the invention. Accordingly, the scope of
protection is not limited to the embodiments described herein, but is only limited by the claims that

follow, the scope of which shall include all equivalents of the subject matter of the claims.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A reinforced pipe section for use in high-pressure fluid transport applications

comprising;
a metal pipe;

a ribbon comprising multiple parallel strands, wherein each strand consists of many
continuous filaments, hoop-wound radially around the metal pipe to form a layer of

dry fibers; and
an external liner covering the layer of dry fibers.

2. The reinforced pipe section of claim 1 wherein the layer of dry fibers increases the

hoop strength of the metal pipe.

3. The reinforced pipe section of claim 1 or claim 2 wherein the metal pipe comprises

conventional steel pipe having a yield strength of approximately 70,000 psi (X70) or less.

4, The reinforced pipe section of any one of claims 1 to 3 wherein the metal pipe

comprises high strength steel pipe having a minimum yield strength of greater than 70,000
psl.
S. The reinforced pipe section of any one of claims 1 to 4 wherein the metal pipe

comprises a corrosion resistant alloy.

6. The reinforced pipe section of any one of claims 1 to 5 wherein the metal pipe arrests

a crack that may develop during service.

7. The reinforced pipe section of any one of claims 1 to 6 wherein the metal pipe

comprises bare pipe.

8. The reinforced pipe section of any one of claims 1 to 6 wherein the metal pipe

comprises coated pipe.

9. The reinforced pipe section of claim 8 wherein the metal pipe is pre-coated with an

organic coating.

10.  The reinforced pipe section of claim 8 wherein the metal pipe is pre-coated with an

anodic metallic coating.

11.  The reinforced pipe section of any one of claims 1 to 10 wherein the metal pipe is

corrosion protected.
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12.  The reinforced pipe section of claim 11 wherein an aluminum anode strip 1s wound
onto the metal pipe.
13.  The reinforced pipe section of claim 11 wherein a pH spiking salt is applied to the
layer of dry fibers.
14.  The reinforced pipe section of any one of claims 1 to 13 wherein the metal pipe
comprises a degraded pipe.
15.  The reinforced pipe section of any one of claims 1 to 14 wherein the dry fibers are

glass fibers, carbon fibers, high density polyethylene fibers, or amid fibers.

16.  The reinforced pipe section of any one of claims 1 to 15 wherein the external liner

comprises a sprayed-on or wrapped on liner.

17.  The reinforced pipe section of any one of claims 1 to 16 wherein the external liner

comprises an elastomeric liner.

18.  The reinforced pipe section of claim 17 wherein the elastomeric liner comprises

polyurea, polyurethane, or HNBR rubber.

19.  The reinforced pipe section of any one of claims 1 to 15 wherein the external liner

comprises a welded metal wrapping formed around the dry fibers.

20.  The reinforced pipe section of any one of claims 1 to 19 wherein the external liner

forms a moisture barrier.

21.  The reinforced pipe section of any one of claims 1 to 20 wherein the metal pipe

comprises a wall thickness sufficient to withstand the axial loads imposed during service.

22.  The reinforced pipe section of claim 21 wherein the layer of dry fibers has a thickness
substantially equal to the wall thickness of the metal pipe.

23.  The reinforced pipe section of any one of claims 1 to 22 wherein the layer of dry

fibers approximately doubles the hoop strength of the metal pipe.

24.  The reinforced pipe section of any one of claims 1 to 23 wherein the metal pipe has a

nominal diameter 1n the range of 64-inches or less.

25.  The reinforced pipe section of any one of claims 1 to 24 further comprising an

insulating layer.
26. A gas pipeline comprising the reinforced pipe section of any one of claims 1 to 25.

27. A liquid pipeline comprising the reinforced pipe section of any one of claims 1 to 25.
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28. A riser comprising the reinforced pipe section of any one of claims 1 to 25.

29. A choke and kill line comprising the reinforced pipe section of any one of claims 1 to

23.

30. A method of manufacturing a reinforced pipe section for use in high-pressure fluid

transport applications comprising:

hoop-winding a ribbon comprising multiple parallel strands, wherein each strand
consists of many continuous filaments, radially around a metal pipe to form a layer of

dry fibers; and

covering the layer of dry fibers with an external liner, thereby forming a first dry fiber

wrapped metal pipe.

31.  The method of claim 30 wherein covering the layer of dry fibers with an external liner

comprises spraying on a coating.

32.  The method of claim 30 wherein covering the layer of dry fibers with an external liner

comprises wrapping on a liner.

33.  The method of any one of claims 30 to 32 further comprising wrapping a layer of

insulating material over the layer of dry fibers.
34.  The method of any one of claims 30 to 33 further comprising:

positioning a second dry fiber wrapped metal pipe adjacent to the first dry fiber

wrapped metal pipe;

connecting the second dry fiber wrapped metal pipe to the first dry fiber wrapped

metal pipe via a weld;
wrapping the weld with a layer of dry fibers; and

creating an external liner over the layer of dry fibers disposed around the weld,

thereby forming a dry fiber wrapped weld area.

35.  The method of claim 34 wherein the first and second dry fiber wrapped metal pipes

are formed 1n a manufacturing facility and the dry fiber wrapped weld area is formed at a

field location.

36. A method of reinforcing a degraded metal pipe for use in high-pressure fluid transport

applications comprising:
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radially hoop-winding the degraded metal pipe with a ribbon comprising multiple
parallel strands, wherein each strand consists of many continuous filaments, to form a

layer of dry fibers to increase the hoop strength of the degraded metal pipe; and

covering the layer of dry fibers with an external liner.
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