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DRY LINERS FOR PIPE REPAIR
AND METHODS FOR MANUFACTURING DRY LINERS

Related Applications

[0001] This application claims priority to and all benefit of European Patent
Application Serial No. 17382006.9, filed on January 11, 2017 and titled DRY LINERS FOR
PIPE REPAIR AND METHODS FOR MANUFACTURING DRY LINERS, the entire

disclosure of which is fully incorporated herein by reference.

Field
[0002] The present application relates to liners for rehabilitating damaged or

deteriorated piping systems and to methods of manufacturing such liners.

Background

[0003] Underground piping systems are essential for transporting liquids and gases to
homes and businesses. Utilities typically use these piping systems for sewer, water, gas, and
other applications. Such piping systems are installed several feet underground and access to
the piping systems is therefore limited.

[0004] Underground pipes experience cyclical loading, premature wear, corrosion,
and ambient foundation or earth movements. As a result, pipes may develop damaged or
weakened areas that require repair. To maintain the service afforded by the underground
piping system, any cracks or leaks must be promptly detected and repaired. Repair of a small
section of the pipe by welding, patching, or otherwise is usually unsatisfactory and difficult
because the pipe diameter does not allow human access in safe conditions. Likewise, digging
up and replacing a section of pipe is difficult, expensive, and time consuming.

[0005] A solution for the repair of underground pipes is to repair a pipe while it is still
in place. Some in-situ pipe repair procedures include the insertion of a pliable reinforcement
liner into the damaged pipe. There are several types of reinforcement or reinforcing liners.

Some reinforcement liners include glass fibers for support and strength.
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[0006] The liner may be installed into the damaged pipe from one point of entry to
another by one of several known techniques. The liner typically has an outer diameter which
is substantially the same as, or slightly smaller than, the inner diameter of the damaged pipe.
The liner is pressurized so that it presses firmly along the inner wall of the damaged pipe.
The liner is impregnated with a resin, such as a styrenated resin, prior to insertion into the
pipe. The resin impregnating the expanded liner is then cured to form a new, rigid lining or
surface within the original pipe. Liners that are hardened or cured after they have been
installed are referred to as “cured-in-place pipe (CIPP)” liners. The resin may be cured by
one of several known techniques, such as steam or UV curing.

[0007] Production methodologies for producing CIPP glass liners include a winding
process. In a conventional winding process 100 (Figure 1), fabric rolls of a limited width are
first impregnated with a resin/thickening agent mixture and rewound for maturation. After a
defined maturation period, the pre-impregnated rolls are unwound and the associated fabric
102 is spirally wound onto a mandrel 104 that is covered in a thermoplastic foil film layer
106, as shown in Figure 1. The mandrel 140 rotates about a longitudinal axis Y. As the
fabric is spirally wound, the edge of the fabric overlaps the edge of the underlying fabric
layer. The tackiness of the pre-impregnated resin/thickening agent mixture fixes or holds the
overlying fabric in position on the underlying fabric. The winding operation continues until
the required laminate thickness is achieved. The pre-impregnated fabric is then covered by
an outer thermoplastic foil film layer and protected against daylight/UV light during storage
and transport.

[0008] A polyester or vinyl ester resin system containing a styrene monomer is often
used as the resin in CIPP liners. Since styrene monomer is an environmentally hazardous
material, the handling, shipping, and storing of the saturated liners must be done in
compliance with various regulations. Furthermore, the resin, in a saturated liner, accounts for
a significant portion (e.g. approximately half ) of the total weight of the impregnated liner.

Thus, handling and shipping a resin-saturated liner can be cumbersome and expense.

Summary

[0009] The present application describes methods for manufacturing dry liners. In an
exemplary embodiment, the method includes spirally winding dry, glass fiber-reinforced,

continuous material around a mandrel such that a subsequent layer of the glass fiber-
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reinforced, continuous material at least partially overlaps a preceding layer of the material to
form an overlapping region. The method further includes affixing the subsequent layer of
material to the preceding layer of material in the overlapping region.

[0010] The present application also describes a dry liner for reinforcing a pipe. In an
exemplary embodiment, the liner includes a spirally wound, glass fiber-reinforced material
forming a first layer and a second layer that at least partially overlaps the first layer to form
an overlapping region. The exemplary liner further includes a material that affixes the first
layer to the second layer in the overlapping region.

[0011] The present application also describes a glass fiber-reinforced material for use
in forming a dry liner for reinforcing a pipe. In an exemplary embodiment, the glass fiber-
reinforced material includes a reinforcing layer including glass fibers, the reinforcing layer
having a top surface, a bottom surface opposite the top surface, a first edge portion, and a
second edge portion opposite the first edge portion. The glass fiber-reinforced material also
includes a plurality of thermoplastic fibers positioned proximate to at least one of the first
edge portion and the second edge portion.

[0012] Further features and advantages of the invention will become apparent from

the following detailed description made with reference to the accompanying drawings.

Brief Description of the Drawings

[0013] For a fuller understanding of the nature and advantages of the general
inventive concepts, reference should be had to the following detailed description taken in
connection with the accompanying drawings, in which:

[0014] Figure 1 is a perspective view of a conventional CIPP liner formed by a
winding process;

[0015] Figure 2 is a schematic illustration of an exemplary embodiment of a method
for manufacturing a CIPP liner;

[0016] Figure 3 is a cross-sectional side view of the layers of an exemplary
embodiment of a CIPP liner;

[0017] Figure 4 is a cross-sectional side view of the layers of another exemplary
embodiment of a CIPP liner;

[0018] Figure 5 is a cross-sectional side view of the layers of another exemplary

embodiment of a CIPP liner;
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[0019] Figure 6 is a cross-sectional side view of the layers of another exemplary
embodiment of a CIPP liner;

[0020] Figure 7 is a schematic illustration of an exemplary embodiment of a method
for manufacturing the CIPP liner of Figure 6;

[0021] Figure 8 is a cross-sectional side view of the layers of another exemplary
embodiment of a CIPP liner; and

[0022] Figure 9 is a cross-sectional side view of the layers of another exemplary

embodiment of a CIPP liner.

Detailed Description

[0023] While the general inventive concepts are susceptible of embodiment in many
different forms, there are shown in the drawings, and will be described herein in detail,
specific embodiments thereof with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the general inventive concepts.
Accordingly, the general inventive concepts are not intended to be limited to the specific
embodiments illustrated herein.

[0024] Unless otherwise defined, the terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art encompassing the general inventive
concepts. The terminology used herein is for describing exemplary embodiments of the
general inventive concepts only and is not intended to be limiting of the general inventive
concepts. As used in the description of the general inventive concepts and the appended
claims, the singular forms “a,” “an,” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

[0025] The present application describes various exemplary dry repair liners for
reinforcing pipe and methods for forming the dry liners. The term “dry liner” refers to a liner
in which the fabric, nonwoven, or combination thereof, used to form the liner has not yet
been impregnated with the resin material that will be used to harden or cure the liner, after the
liner has been installed inside the pipe. In this application, the resin that is used to harden or
cure the liner after the liner has been installed inside the pipe is referred to as “in-pipe cured”
(IPC) resin to distinguish over resins or adhesives used for other purposes.

[0026] Impregnation of the dry liner with the IPC resin may, therefore, occur at a later

time and in a different location than where the liner was manufactured. Thus, the dry liner
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may be handled, stored and shipped prior to being impregnated with the IPC resin. For
example, prior to use, the dry liner may be sent to an appropriate resin saturation facility
where the liner may be impregnated with a suitable IPC resin system before being shipped to
the worksite. The IPC resin may be any suitable resin system for use with CIPP liners. An
example of a suitable IPC resin system includes, but is not limited to, a polyester or vinyl
ester resin system containing a styrene monomer.

[0027] In an exemplary embodiment, the method of forming a dry repair liner for
reinforcing a pipe utilizes a modified winding process that forms a continuous liner. The
modified winding process includes a process for affixing overlapping layers of the liner
material together in lieu of using the IPC resin to hold the layers together. As will be
described in more detail below, some exemplary embodiments of the process for affixing the
overlapping layers of the liner material together may include a separate resin or adhesive.
The resin or adhesive used in the exemplary embodiments to affix the overlapping layers of
the liner material together, however, may be distinguished from the IPC resin in a number of
ways, as will be described below.

[0028] Figure 2 shows a schematic representation of an exemplary embodiment of a
method 180 for manufacturing a CIPP liner 200, and Figure 3 illustrates a partial exploded,
cross-sectional side view of the layers of an exemplary embodiment of the CIPP liner 200.
The liner 200 may be configured in a variety of ways. For example, different embodiments
of the dry liner may include different materials, have different diameters and thicknesses, and
vary in the number of materials and number of layers used. In the exemplary embodiment of
Figure 2, the liner 200 is illustrated as having an annular cross-section with an outer diameter
OD and a thickness T. The liner 200, however, is flexible prior to curing; thus, the liner 200
may be folded generally flat for storage or collapsed to a smaller cross-section for insertion
into a pipe. In addition, the outer diameter OD of the liner 200 may be expanded after
insertion into a pipe.

[0029] Referring to Figure 3, in the exemplary embodiment, the liner 200 includes a
layer of inner foil 202 and spirally wound reinforcing material 204 that forms multiple
partially overlapping layers of the material. The number of overlapping layers is dependent
on how tightly the reinforcing material 204 is wound. In the exemplary embodiment of
Figure 3, the liner 200 includes a first layer 206 of the reinforcing material 204 and a second

layer 208 of the reinforcing material 204 that partially overlaps the first layer 206 of the
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reinforcing material 204 in an overlapping region 210. In other exemplary embodiments,
however, the liner 200 may have more than two overlapping layers. The liner 200 also
includes a layer of outer foil 212 and a material 214 for affixing the first layer 206 of the
reinforcing material 204 to the second layer 208 of the reinforcing material 206.

[0030] The inner foil layer 202 is configured to prevent leakage of the IPC resin, once
the liner 200 has been impregnated with the IPC resin, and to provide a smooth inner surface.
The inner foil layer 202 may also serve as a styrene barrier. Furthermore, in some
embodiments, the inner foil layer 202 may be configured to allow UV light through the inner
foil layer 202 to cure the IPC resin. The inner foil layer 202 may be configured in a variety
of ways. For example, the type of and number of materials used for the inner foil layer 202
may vary in different embodiments. Any material capable of preventing leakage of the IPC
resin, providing a smooth inner surface, allowing UV light to pass through and cure the IPC
resin, and/or providing a styrene vapor barrier may be used. Suitable materials for the inner
foil layer 202 include, but are not limited to, a polyamide, polypropylene, polyethylene,
polyurethane, polyester, or combinations thereof.

[0031] The outer foil layer 212 is configured to form an outer protective layer and
prevent leakage of the IPC resin after the liner 200 has been impregnated. In some
embodiments, the outer foil layer 202 may also shield the resin from daylight/UV light to
prevent the IPC resin, if it is UV light curable, from prematurely curing. The outer foil layer
212 may be configured in a variety of ways. For example, the type of and number of
materials used for the outer foil layer 212 may vary for different embodiments of the liner
200. Any material capable of preventing leakage of the IPC resin and assisting in handling of
the liner 200 may be used. Suitable materials for the outer foil layer 212 include, but are not
limited to, a polyamide, a polypropylene, a polyethylene, a polyurethane, a polyester, or
combinations thereof.

[0032] In the exemplary embodiment, the outer foil layer 202 includes a polyamide
layer to act as a styrene barrier and a polyethylene layer to improve the ability to weld the
outer foil layer 202. In the exemplary embodiment, the inner foil layer 202 and the outer foil
layer 212 are the same material. In other embodiments, however, the inner foil layer 202 and
the outer foil layer 212 may include different materials.

[0033] The reinforcing material 204 is positioned radially outward of the inner foil
layer 202 and radially inward of the outer foil layer 212. The reinforcing material 204 is
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configured to provide reinforcing support in the direction of a longitudinal axis B of the liner
200 (see Figure 2). The reinforcing material 204 may be configured in a variety of ways. For
example, the type of and the number of materials used for the reinforcing material 204 may
vary in different embodiments. Any material suitable for use in a CIPP liner and capable of
providing longitudinal reinforcement to the liner 200 may be used. In some embodiments,
the reinforcing material 204 may include reinforcing fibers incorporated into the material.
Suitable reinforcing materials 204 include glass fiber fabrics that may be woven, nonwoven,
knitted, or stitched, glass fiber mats, or other materials that contain fibers. In materials that
include reinforcement fibers, the fibers used in the material may be any type of organic or
synthetic fibers. In some exemplary embodiments, the reinforcement fibers include any one
or more of glass, carbon, polyesters, polyolefins, nylons, aramids, poly(phenylene sulfide),
polysulfone (PS), polyether sulfone (PES), polyacrilonitrile (PAN), silicon carbide (SiC),
boron nitride, and the like. In some exemplary embodiments, the material may be a hybrid
fabric (or layer) including multiple different types of fibers. The fibers may be continuous
fibers or may be discontinuous, such as for example, chopped strand. The fibers may be
directionally oriented or randomly oriented.

[0034] In the exemplary embodiment, the reinforcing material 204 includes a
plurality of glass fibers. In one exemplary embodiment, the reinforcing material 204 is a
fabric including oriented glass fibers to provide reinforcement in a specific direction. For
example, in one exemplary embodiment, the glass fibers are oriented in the transversal
direction of the liner to improve the mechanical properties of the liner in the hoop direction of
the pipe. The glass fibers may be continuous fibers or discontinuous fibers. In one
exemplary embodiment, the glass fibers are oriented, chopped fibers (e.g., oriented, chopped
strand).

[0035] The material 214 for affixing the first layer 206 of the reinforcing material 204
to the second layer 208 may be configured in a variety of ways. Any material capable of
affixing the first layer 206 of the reinforcing material 204 to the second layer 208, and
suitable for use in CIPP liners, may be used. Furthermore, the material 214 may be
positioned on, or incorporated in, the reinforcing material 204 in any suitable manner. In
some exemplary embodiments, the material 214 may be locally applied or positioned only in
the overlapping region 210 and may not be present in other portions of the reinforcing

material. In other embodiments, however, the material 214 may be applied or positioned in



WO 2018/132305 PCT/US2018/012452

other portions of the material as well. For example, in some embodiments, the material may
be applied or positioned across substantiality all, or a majority of, the reinforcing material
204.

[0036] Referring to Figure 3, the reinforcing material 204 includes a top surface 220,
a bottom surface 222 opposite the top surface 220, a first edge portion 224, and a second edge
portion 226 opposite the first edge portion 224. In the exemplary embodiment of Figures 2
and 3, the material 214 for affixing the first layer 206 of the reinforcing material 204 to the
second layer 208 of the reinforcing material 204 includes a plurality of thermoplastic fibers
230.

[0037] The thermoplastic fibers 230 may be configured in a variety of ways. For
example, the type or types of thermoplastic used, the number of fibers, the location of the
fibers, the orientation of the fibers, and the size (e.g., diameter) of the fibers, may vary in
different embodiments. Any thermoplastic fiber that may be melted and affix the first layer
206 of the reinforcing material 204 to the second layer 208 of the reinforcing material 204
may be used. Suitable thermoplastic material may include, but not be limited to,
polypropylene, ethylene-vinyl acetate (EVA), and coploymers of polyester.

[0038] In the exemplary embodiment of Figures 2 and 3, the liner 200 includes a
plurality of thermoplastic fibers 230 on the top surface 220 of the reinforcing material 204 in
proximity to the first edge portion 224 and the second edge portion 226. The reinforcing
material 204 includes a central longitudinal axis D (see Figure 2). “In proximity to” the first
edge portion 224 and the second edge portion 226 refers to thermoplastic fibers 230 being
positioned closer to the first edge portion 224 and the second edge portion 226 than to the
central longitudinal axis. In some embodiments, all of the plurality of thermoplastic fibers
230 may be positioned in proximity to the first edge portion 224 and the second edge portion
226. In other embodiments, some of the plurality of thermoplastic fibers 230 may be
positioned in proximity to the first edge portion 224 and the second edge portion 226 while
some of the plurality of thermoplastic fibers 230 may be positioned closer to the central
longitudinal axis D.

[0039] In some embodiments, the thermoplastic fibers 230 may be positioned on the
bottom surface 222, or on both the top surface 220 and the bottom surface 222 of the
reinforcing material 204. Further in some embodiments, the thermoplastic fibers 230 may be

positioned in proximityto only one of the first edge portion 224 and the second edge portion
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226. In some embodiments, the thermoplastic fibers 230 may be integrated into the
reinforcing material 204. For example, the thermoplastic fibers 230 may be woven into the
reinforcing material 204 or otherwise formed with the reinforcing material 204. In some
embodiments, the thermoplastic fibers 230 may be positioned across substantially the entire
top surface 220, across substantially the entire bottom surface 224, or across substantially
both of the entire top surface 220 and the entire bottom surface 222.

[0040] In the exemplary embodiment, the liner 200 includes three, generally parallel,
rows of continuous thermoplastic fibers 230 on the top surface 220 of the reinforcing material
204 in proximity to each of the first edge portion 224 and the second edge portion 226. The
thermoplastic fibers 230 generally extend in a longitudinal direction C of the material 204
(see Figure 2). Each row of continuous thermoplastic fibers 230 may include a single
thermoplastic fiber 230 or multiple fibers. In other embodiments, the liner 200 may include
more or less than three rows of thermoplastic fibers 230. Furthermore, in some
embodiments, the thermoplastic fibers 230 may not be arranged in rows, but may be arranged
in some other suitable pattern or may be randomly arranged. Still further, in some
embodiments, the thermoplastic fibers 230 may be discontinuous fibers arranged in any
suitable orientation, including randomly oriented.

[0041] In one exemplary embodiment, the reinforcing material 204 has a width W
(see Figure 2) and the thermoplastic fibers 230 are positioned on , or incorporated in, about
5% to about 50% of the width W, or about 10% to about 40% of the width, or about 15% to
about 30% of the width. In one exemplary emboidment, the thermoplastic fibers 230 are
positioned on , or incorporated in, about 30% or less of the width W. In one exemplary
embodiment, the reinforcing material 204 includes both glass fibers and thermoplastic fibers
230 at a ratio of about 1% to about 10%.

[0042] The thermoplastic fibers 230 may be positioned on the top surface 220 of the
reinforcing material 204 in any suitable manner. Suitable methods of adhering the
thermoplastic fibers 230 to the top surface 220 of the reinforcing material 204, may include,
but not be limited to, melting the fibers, using an adhesive, spraying the fibers onto the top
surface 220, winding the fibers 230 in between layers of the reinforcing material such that the
winding tension of the reinforcing material holds the fibers in place between layers, and
stitching the fibers into the reinforcing material 204. In one exemplary embodiment, the

thermoplastic fibers 230 are partially melted onto the top surface 220 of the reinforcing
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material 204 to adhere to the reinforcing material 204. The thermoplastic fibers 230 may be
melted in any suitable manner, such as but not limited to, infrared, laser, and hot air. In
another exemplary embodiment, the thermoplastic fibers 230 are woven through the
reinforcing material 204 along the length of the reinforcing material 204 or otherwise
incorporated into the fabric.

[0043] Referring to the exemplary method 180 of forming the liner 200 illustrated in
Figure 2, a cylindrical mandrel 250 is provided. The mandrel 250 is configured to rotate in
the direction shown by the arrow A about the central axis B. The diameter of the mandrel
250 may vary in different embodiments of the liner 200. In general, the diameter of the
mandrel 250 is chosen to set the inner diameter of the liner 200.

[0044] The inner layer of foil 202 is placed around the mandrel 250 to form an inner
layer of the liner 200. The inner layer of foil 202 may be placed around the mandrel 250 in
any suitable manner. For example, in one exemplary embodiment the inner layer of foil 202
is formed as a bag and is pulled over the mandrel 250 prior to beginning the winding process.
[0045] A roll 252 of the reinforcing material 204 including the thermoplastic fibers
230 is provided adjacent the mandrel 250 and positioned to be spirally wound over the inner
foil 202. As the mandrel 250 rotates, the reinforcing material 204 from the roll 252 is pulled
or fed around the mandrel 250 in a spirally-wound fashion to create partially overlapping
layers of the reinforcing material 204. The number of overlapping layers and the width of the
overlapping region may vary in different exemplary embodiments of the liner 200. For
example, the number of layers of the material can be selected to achieve the desired thickness
of the liner 200.

[0046] In the illustrated embodiment, a melting device 254 is provided and
configured to melt, at least partially, the thermoplastic fibers 230 such that the melted fibers
adhere the overlapping, spirally-wound layers of the reinforcing material 204 together. In the
illustrated embodiment, a single melting device 254 is shown. In other embodiments,
however, more than one melting device may be used.

[0047] In the illustrated embodiment, the melting device 254 is positioned generally
over the reinforcing material 204 at a location between the roll 252 and the mandrel 250 prior
to the reinforcing material 204 being wound onto the mandrel 250. The melting device 254,
however, may be positioned in any suitable location for melting the thermoplastic fibers. For

example, in some embodiments the melting device may be positioned under the reinforcing
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material or multiple melting devices may be position both over and under the material. In
some embodiments, the melting device may be positioned at a location to melt the
thermoplastic fibers after the reinforcing material is spirally wound onto the mandrel 250.
For example, the melting device may be positioned over the mandrel 250 at a location that
melts the thermoplastic fibers 230 in the reinforcing material 204 that has already been
wound onto the mandrel 250. In one exemplary embodiment, the mandrel 250 acts as the
heating device 254. For example, the mandrel 250 may be configured to be to a suitable
temperature to at least partially melt the thermoplastic fibers 230.

[0048] The thermoplastic fibers 230, after being at least partially melted, affix the
first layer 206 of the reinforcing material 204 to the second layer 208 of the reinforcing
material 206 to form the dry liner 200. Prior to melting, the thermoplastic fibers 230 provide
reinforcement in the longitudinal direction of the reinforcing material 204, as shown by arrow
C in Figure 2. The reinforcement provided by the thermoplastic fibers 230 limits stretching
of the reinforcing material 204 as the reinforcing material is pulled from the roll 252. Once
melted, however, the thermoplastic fibers 230 lose their tensile strength properties in the
longitudinal direction C. As a result, the liner 200 may expand radially when placed in the
pipe without being restricted by the thermoplastic fibers 230.

[0049] The melting device 254 may be any suitable device capable of at least partially
melting the thermoplastic fibers 230. Suitable melting devices include, but are not limited to,
devices that use infrared, laser, and hot air.

[0050] After the reinforcing material 204 has been wound onto the mandrel 250 and
the overlapping layers of the reinforcing material 204 are aftixed together, the outer layer of
foil 212 may be applied over the reinforcing material 204 such that the outer foil layer 212
circumferentially surrounds the reinforcing material 204 and inner foil layer 202. In one
exemplary embodiment, the outer foil 212 is applied directly after the winding. The
reinforcing material 204 and inner foil layer 202 is sandwiched between a top layer of outer
foil and a bottom layer of outer foil. The lateral edges of the top layer brought into contact
with the corresponding lateral edges of the bottom layer and are sealed together to form
closed shape or tube around the reinforcing material 204 and inner foil layer 202.

[0051] After the outer foil 212 has been applied, the dry liner 200 may be packaged
for storage or shipment, such as for example, by rolling the liner into a roll or folding the

liner into a folded stack. Since the liner 200 has not yet been impregnated with the IPC resin,
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the liner is lighter and easier to handle than a resin-impregnated liner.

[0052] To apply the IPC resin, an opening is formed in the outer foil layer and the
resin is injected into the dry liner. The opening is then resealed and the resin is distributed
through the liner by vacuum, rollers, or other suitable methods.

[0053] Figure 4 illustrates another exemplary embodiment of a liner 400. The liner
400 1s substantially similar to the exemplary embodiment of the liner 200 of Figure 3 in that
the liner 400 includes a layer of inner foil 402 and spirally wound reinforcing material 404
that forms multiple partially overlapping layers of the material. The number of overlapping
layers is dependent on how tightly the reinforcing material 404 is wound. In the exemplary
embodiment of Figure 4, the liner 400 includes a first layer 406 of the reinforcing material
404 and a second layer 408 of the reinforcing material 404 that partially overlaps the first
layer 406 of the reinforcing material 404 in an overlapping region 410. In other exemplary
embodiments, however, the liner 400 may have more than two overlapping layers. The liner
400 also includes a layer of outer foil 412 and a material 414 for affixing the first layer 406 of
the reinforcing material 404 to the second layer 408 of the reinforcing material 404.

[0054] The reinforcing material 404 includes a top surface 420, a bottom surface 422
opposite the top surface 420, a first edge portion 424, and a second edge portion 426 opposite
the first edge portion 424. The material 414 for affixing the first layer 406 of the reinforcing
material 404 to the second layer 408 of the reinforcing material 404 includes a plurality of
thermoplastic fibers 430. In the exemplary embodiment of Figure 4, the liner 400 includes
thermoplastic fibers on both the top surface 420 and the bottom surface 422 of the reinforcing
material 404 in proximity to both the first edge portion 424 and the second edge portion 426.
[0055] The liner 400 may be formed in the same manner as the liner 200. In
particular, the reinforcing material 404 is spirally wound around a mandrel with the
thermoplastic fibers 430 melted to affix the first layer 406 of the reinforcing material 404 to
the second layer 408 of the reinforcing material 404.

[0056] Figure 5 illustrates another exemplary embodiment of a liner 500. The liner
500 is substantially similar to the exemplary embodiment of the liner 200 of Figure 3 in that
the liner 500 includes a layer of inner foil 502 and spirally wound reinforcing material 504
that forms multiple partially overlapping layers of the material. The number of overlapping
layers is dependent on how tightly the reinforcing material 504 is wound. In the exemplary

embodiment of Figure 5, the liner 500 includes a first layer 506 of the reinforcing material
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504 and a second layer 508 of the reinforcing material 504 that partially overlaps the first
layer 506 of the reinforcing material 504 in an overlapping region 510. In other exemplary
embodiments, however, the liner 500 may have more than two overlapping layers. The liner
500 also includes a layer of outer foil 512 and a material 514 for affixing the first layer 506 of
the reinforcing material 504 to the second layer 508 of the reinforcing material 504.

[0057] The reinforcing material 504 includes a top surface 520, a bottom surface 522
opposite the top surface 520, a first edge portion 524, and a second edge portion 526 opposite
the first edge portion 524. The material 514 for affixing the first layer 506 of the reinforcing
material 504 to the second layer 508 of the reinforcing material 504 includes a plurality of
thermoplastic fibers 530. In the exemplary embodiment of Figure 5, the liner 500 includes
thermoplastic fibers 530 across substantially the entire top surface 520 of the reinforcing
material 506.

[0058] The liner 500 may be formed in the same manner as the liner 200. In
particular, the reinforcing material 504 is spirally wound around a mandrel with the
thermoplastic fibers 530 melted to affix the first layer 506 of the reinforcing material 504 to
the second layer 508 of the reinforcing material 506.

[0059] Figure 6 illustrates another exemplary embodiment of a liner 600. The liner
600 is substantially similar to the exemplary embodiment of the liner 200 of Figure 3 in that
the liner 600 includes a layer of inner foil 602 and spirally wound reinforcing material 604
that forms multiple partially overlapping layers of the material. The number of overlapping
layers is dependent on how tightly the reinforcing material 604 is wound. In the exemplary
embodiment of Figure 6, the liner 600 includes a first layer 606 of the reinforcing material
604 and a second layer 608 of the reinforcing material 604 that partially overlaps the first
layer 606 of the reinforcing material 604 in an overlapping region 610. In other exemplary
embodiments, however, the liner 600 may have more than two overlapping layers. The liner
600 also includes a layer of outer foil 612 and a material 614 for affixing the first layer 606 of
the reinforcing material 604 to the second layer 608 of the reinforcing material 604.

[0060] The reinforcing material 604 includes a top surface 620, a bottom surface 622
opposite the top surface 620, a first edge portion 624, and a second edge portion 626 opposite
the first edge portion 624. The material 614 for affixing the first layer 606 of the reinforcing
material 604 to the second layer 608 of the reinforcing material 604 includes an adhesive 630,

such as a glue, resin, epoxy, tape (e.g., two-sided tape), or other suitable adhesive positioned
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in the overlapping region 610, such as for example, between the first layer 606 and the
second layer 608. The adhesive 630 may be applied to the first layer 606, to the second layer
608, or to both the first layer and the second layer. The adhesive 630 may be configured in a
variety of ways and applied in a variety of ways. In Figures 6 and 7, the adhesive 630 is
shown as a single, continuous layer. In other embodiments, however, the adhesive 630 may
be applied as multiple layers or as multiple, continuous or discontinuous portions For
example, in one exemplary embodiment, the adhesive 630 maybe applied as a series of
parallel strips or rows.

[0061] In some embodiments, heat and/or pressure may be applied to the reinforcing
material 604 where the adhesive 630 is applied to improve the bond created by the adhesive
630. In other embodiments, however, the adhesive 630 may be selected such that heat and/or
pressure need not be applied.

[0062] In one exemplary embodiment, the adhesive 630 may be applied as a powder.
Suitable powders may include, but not be limited to, a Bisphenol A based polyester powder
and co-polyester powders.

[0063] The powder adhesive 630 may be applied in any suitable manner, such as for
example, but not limited to, by a spray gun. In some exemplary embodiments, once the
powder adhesive 630 has been applied, heat and pressure may be applied to the reinforcing
material 604 where the adhesive 630 is applied to cure the powder adhesive 630. Heat and
pressure may be applied in any suitable manner. For example, heat may be applied with a
heating device that uses infrared, laser, and hot air and pressure may be applied through the
winding tension of the reinforcing material. In one exemplary embodiment, the temperature
of the heat applied is above the melting point of the powder adhesive 630 and below the
melting point of the thermoplastic fibers 230.

[0064] In some exemplary embodiments, the adhesive 630 may be a hot melt
adhesive. Suitable hot melt adhesives include, but are not limited to, polyester and co-
polyester hot melt adhesives. In one exemplary embodiment, the hot melt adhesive is an
ethylene vinyl acetate (EVA) hot melt adhesive. The hot melt adhesive 630 may be applied in
any suitable manner, such as for example, but not limited to, a glue gun. In some exemplary
embodiments, once the hot melt adhesive 630 has been applied, pressure may be applied to
the reinforcing material 604 where the adhesive 630 is applied to form a strong bond between

the overlapping layers of reinforcing material 604. Pressure may be applied to the to the
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reinforcing material 604 in any suitable manner. For example, in one exemplary
embodiment, pressure is applied by the winding tension of the reinforcing material 604.
[0065] In some exemplary embodiments, the adhesive 630 may be a liquid/solvent-
based spray glue. Suitable liquid/solvent-based spray glues include, but are not limited to,
rubber based spray glue containing organic solvent with a low boiling point (e.g., acetone,
demethylether). In one exemplary embodiment, the liquid/solvent-based spray glues is
AirTAC2/Econotac 2 from Airtech International Inc., of Huntington Beach, California.
[0066] The liquid/solvent-based spray glue 630 may be applied in any suitable
manner, such as for example, but not limited to, a spray gun, a spray can, and a roll
applicator. In some exemplary embodiments, once the liquid/solvent-based spray glue 630
has been applied, low pressure may be applied to the reinforcing material 604 where the
adhesive 630 is applied to form a strong bond between the overlapping layers of reinforcing
material 604. Pressure may be applied to the to the reinforcing material 604 in any suitable
manner. For example, in one exemplary embodiment, pressure is applied by the winding
tension of the reinforcing material 604.

[0067] Unlike the IPC resin system that saturates the liner 600 and is used to cure the
liner after installation in the pipe, the adhesive 630 used to affix the overlapping layers of
reinforcing material 604 together is applied in much lower amounts than the IPC resin. In
addition, the adhesive 630 may be applied only on certain areas of the liner 600, such as for
example, within, or generally within, the overlapping region 610. For example,
conventionally, the IPC resin accounts for about 50% of the weight of the liner 600 after the
liner has been impregnated. Conversely, the adhesive 630 accounts for only a fraction of that
amount, such as for example, less than 2% of the weight of the liner after the liner has been
impregnated with the IPC resin.

[0068] Figure 7 illustrates an exemplary embodiment of a method 700 of forming the
liner 600 illustrated in Figure 6. The method 700 is similar to the method 180 of Figure 2
except that the material 614 for affixing overlapping layers of the reinforcing material 604
together includes the layer of an adhesive 630 rather than the thermoplastic fibers 230 of
Figure 2. In particular, the method 700 includes a cylindrical mandrel 750 configured to
rotate in the direction shown by the arrow A about the central axis B. The inner layer of foil
602 is wrapped around the mandrel 750 to form an inner layer of the liner 600.

[0069] A roll 752 of the reinforcing material 604 is provided adjacent the mandrel
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750 and positioned to be spirally wound over the inner foil 602. As the mandrel 750 rotates,
the reinforcing material 604 from the roll 752 is pulled or fed around the mandrel 750 in a
spirally-wound fashion to create partially overlapping layers of the reinforcing material 604.
The number of overlapping layers and the width of the overlapping region may vary in
different exemplary embodiments of the liner 600.

[0070] In the illustrated embodiment, one of more adhesive applicators 754 are
provided and configured to apply the layer of adhesive 630 in, at least partially, the
overlapping region 610 (see Figure 6). In the illustrated embodiment, a single adhesive
applicator 754 is shown. In other embodiments, however, more than one adhesive applicator
754 may be used. In the illustrated embodiment, the adhesive applicator 754 is positioned
generally over the second portion 626 of the reinforcing material 604 at a location between
the roll 752 and the mandrel 750 prior to the reinforcing material 604 being wound onto the
mandrel 750. The adhesive applicator 754, however, may be positioned in any suitable
location for applying adhesive 630 to the reinforcing material 604. For example, in some
embodiments one or more adhesive applicators 754 may be positioned under the reinforcing
material 604 or positioned both over and under the reinforcing material 604.

[0071] In some embodiments, after the adhesive 630 has been applied and the
overlapping layer of the reinforcing material 604 has been wound onto the mandrel 750 such
that the adhesive 630 is positioned in the overlapping region 610, heat and/or pressure may be
applied to the overlapping region 610 or to the entire liner 600. The heat and/or pressure aids
the adhesive in forming a strong bond between the overlapping layers of the reinforcing
material 604.

[0072] After the reinforcing material 604 has been wound onto the mandrel 750 and
the overlapping layers of the reinforcing material 604 are affixed together, the outer foil layer
612 may be applied over the reinforcing material 604. After the outer foil layer 612 has been
applied, the dry liner 600 may be packaged for storage or shipment, such as for example, by
rolling the liner into a roll or folding the liner into a folded stack.

[0073] Figure 8 illustrates another exemplary embodiment of a liner 800. The liner
800 is substantially similar to the exemplary embodiment of the liner 200 of Figure 3 in that
the liner 800 includes a layer of inner foil 802 and spirally wound reinforcing material 804
that forms multiple partially overlapping layers of the material. The number of overlapping

layers is dependent on how tightly the reinforcing material 804 is wound. In the exemplary
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embodiment of Figure 8, the liner 800 includes a first layer 806 of the reinforcing material
804 and a second layer 808 of the reinforcing material 804 that partially overlaps the first
layer 806 of the reinforcing material 804 in an overlapping region 810. In other exemplary
embodiments, however, the liner 800 may have more than two overlapping layers. The liner
800 also includes a layer of outer foil 812 and a material 814 for affixing the first layer 806 of
the reinforcing material 804 to the second layer 808 of the reinforcing material 804.

[0074] The reinforcing material 804 includes a top surface 820, a bottom surface 822
opposite the top surface 820, a first edge portion 824, and a second edge portion 826 opposite
the first edge portion 824. The material 814 for affixing the first layer 806 of the reinforcing
material 804 to the second layer 808 of the reinforcing material 804 includes stitching,
needling, stapling, or some other form of mechanical entanglement 830 between overlapping
layers of the reinforcing material 804.

[0075] The stitching, needling, stapling, or other form of mechanical entanglement
830 may be configured in a variety of ways. Any stitching, needling, stapling, or other form
of mechanical entanglement capable of affixing overlapping layers of the reinforcing material
804 together may be used. In the exemplary embodiment, the overlapping layers of the
reinforcing material 804 are stitched together in the overlapping region 810. The stitching
830 is stitched or woven through the first layer 806 and the second layer 808 in the
overlapping region 810 to affix the layers together. The stitching 830 may be flexible to
enhance the stretching and pliability of the liner 800. The stitching 830 may be made from an
elastic or rubbery-type of material. Suitable material for the stitching includes, but is not
limited to, a polyester or polyamide. In one exemplary embodiment, the stitching 830
includes elastic yarns or the like. In one exemplary embodiment, the stitching 830 is an
unstretched polyester yarn or other material that can be stretched.

[0076] Figure 9 illustrates another exemplary embodiment of a liner 900. The liner
900 is substantially similar to the exemplary embodiment of the liner 200 of Figure 3 in that
the liner 900 includes a layer of inner foil 902 and spirally wound reinforcing material 904
that forms multiple partially overlapping layers of the material. The number of overlapping
layers is dependent on how tightly the reinforcing material 904 is wound. In the exemplary
embodiment of Figure 9, the liner 900 includes a first layer 906 of the reinforcing material
904 and a second layer 908 of the reinforcing material 904 that partially overlaps the first

layer 906 of the reinforcing material 904 in an overlapping region 910. In other exemplary
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embodiments, however, the liner 900 may have more than two overlapping layers. The liner
900 also includes a layer of outer foil 912 and a material 914 for affixing the first layer 906 of
the reinforcing material 904 to the second layer 908 of the reinforcing material 904.

[0077] The reinforcing material 904 includes a top surface 920, a bottom surface 922
opposite the top surface 920, a first edge portion 924, and a second edge portion 926 opposite
the first edge portion 924. The material 914 for affixing the first layer 906 of the reinforcing
material 904 to the second layer 908 of the reinforcing material 904 includes a veil 930
attached to the reinforcing material.

[0078] The veil 930 is configured such that it can be melted in order to adhere the
first layer 906 of the reinforcing material 904 to the second layer 908 of the reinforcing
material 904. The veil 930 may be configured in a variety of ways. For example, the
materials used for the veil, the dimensions of the veil and the position of the veil relative to
the reinforcing material may vary in different embodiments. Any configuration that allows
the veil 930 to be melted such that the veil 930 adhere the first layer 906 of the reinforcing
material 904 to the second layer 908 of the reinforcing material 904 may be used.

[0079] In the exemplary embodiment, the veil 930 includes both glass fibers and
thermoplastic fibers. Any suitable thermoplastic fibers may be used. In one exemplary
embodiment, the veil 930 includes glass fibers and polyester fibers. In another exemplary
embodiment, the entire veil is made of polyester. In the illustrated embodiment of Figure 9,
the veil 930 is attached to the top surface 920 of the reinforcing material 904 and spans
substantially across the entire top surface. In other embodiments, however, the veil 930 may
be attached to the bottom surface 922 or both the top surface 920 and the bottom surface 922
and may span less that across substantially the entire surface.

[0080] The veil 930 may be attached to the top surface 920 or bottom surface 922 by
any suitable means. For example, in one exemplary embodiment, the veil 930 is attached to
the reinforcing material 904 by stitching, needling, stapling, or some other form of

mechanical entanglement 932.

Other Variations

[0081] Other variations of exemplary embodiments of the method and apparatus for
manufacturing a liner for reinforcing a pipe are described below.

[0082] [A]. A method of manufacturing a dry liner for reinforcing a pipe, the
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method comprising: spirally winding, a glass fiber-reinforced, continuous material around a
mandrel such that a subsequent layer of the glass fiber-reinforced, continuous material at least
partially overlaps a preceding layer of the material to form an overlapping region; affixing the
subsequent layer of material to the preceding layer of material in the overlapping region.
[0083] [B]. The method of [A], wherein one or more thermoplastic fibers are
attached to, or integrated with, the material in the overlapping region, and wherein affixing
the subsequent layer of material to the preceding layer of material in the overlapping region
further comprises at least partially melting the one or more thermoplastic fibers.

[0084] [C]. The method of [B], wherein the one or more thermoplastic fibers
includes polypropylene.

[0085] [D]. The method of any one of [B - C], further comprising applying
pressure to the overlapping region after melting the one or more thermoplastic fibers.

[0086] [E].  The method of any one of [B - D], wherein the material includes a
plurality of continuous thermoplastic fibers in the overlapping region.

[0087] [F].  The method of [E], wherein the plurality of continuous thermoplastic
fibers are arranged in two or more parallel rows of fibers.

[0088] [G]. The method of [A], wherein a veil comprising a mixture of glass fibers
and polyester fibers is attached to the glass fiber-reinforced, continuous material, and wherein
affixing the subsequent layer of material to the preceding layer of material in the overlapping
region further comprises at least partially melting polyester fibers of the veil.

[0089] [H]. The method of [A], wherein affixing the subsequent layer of material
to the preceding layer of material in the overlapping region further comprises applying an
adhesive onto the material such that the adhesive is at least partially located in the

overlapping region.

[0090] [1]. The method of [H], further comprising applying heat and pressure to
the liner in the overlapping region.

[0091] [J1.  The method of any one of [H - I] wherein the adhesive includes a
powder resin, a hot melt adhesive, a liquid/solvent-based spray glue, or a combination
thereof.

[0092] [K]. The method of [A], wherein affixing the subsequent layer of material

to the preceding layer of material in the overlapping region further comprises mechanically

entangling the subsequent layer of material to the preceding layer of material in the
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overlapping region.

[0093] [L].  The method of [K], wherein mechanically entangling the subsequent
layer of material to the preceding layer of material in the overlapping region further
comprises stitching the preceding layer of material and subsequent layer of material together.
[0094] [M]. The method of any one of [A-L], further comprising removing the dry
liner from the mandrel prior to impregnating the dry liner with a resin.

[0095] [N]. A dry liner for use in reinforcing a pipe, the dry liner comprising: a
spirally wound, glass fiber-reinforced material forming a first layer and a second layer that at
least partially overlaps the first layer to form an overlapping region; and a second material

that affixes the first layer to the second layer in the overlapping region.

[0096] [O]. The dry liner of [N], wherein the second material includes a plurality
of thermoplastic fibers that are melted to affix the first layer to the second layer.

[0097] [P].  The dry liner of [O], wherein the thermoplastic fibers were attached to
the glass fiber-reinforced material prior to melting.

[0098] [Q]. The dry liner of any one of [O - P], wherein the thermoplastic fibers
are continuous fibers.

[0099] [R].  The dry liner of [N], wherein the second material includes an adhesive
applied to the glass fiber-reinforced material at least partially in the overlapping region.
[00100] [S].  The dry liner of [R], wherein the adhesive is applied to the first layer,
the second layer, or both the first layer and the second layer.

[00101] [T].  The dry liner of any one of [R - S], wherein the adhesive includes a
powder resin, a hot melt adhesive, a liquid/solvent-based spray glue, or a combination
thereof.

[00102] [U].  The dry liner of [N], wherein the second material includes a

mechanical entanglement.

[00103] [V]. The dry liner of [U], wherein the mechanical entanglement includes
stitching or needling.

[00104] [W]. The dry liner of [N], wherein the second material includes a veil
comprising a mixture of glass fibers and polyester fibers.

[00105] [X]. A glass fiber-reinforced material for use in forming a dry liner for
reinforcing a pipe, the glass fiber-reinforced material comprising: a reinforcing layer

including glass fibers, the reinforcing layer having a top surface, a bottom surface opposite
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the top surface, a first edge portion, and a second edge portion opposite the first edge portion;
and a plurality of thermoplastic fibers positioned in proximity to the first edge portion and the
second edge portion.

[00106] [Y]. The glass fiber-reinforced material of [ X], wherein the thermoplastic
fibers include polypropylene.

[00107] [Z].  The glass fiber-reinforce material of any one of [X - Y], wherein the
thermoplastic fibers are attached to the top surface of the reinforcing layer.

[00108] [AA]. The glass fiber-reinforced material of any one of [X - Y], wherein the
thermoplastic fibers are attached to both the top surface and the bottom surface.

[00109] [BB]. The glass fiber-reinforced material of any one of [X - Y], wherein the
thermoplastic fibers are positioned in proximity to only one, or both, of the first edge portion
and the second edge portion.

[00110] [CC]. The glass fiber-reinforced material of any one of [X - Y], wherein the
thermoplastic fibers are woven into the reinforcing layer.

[00111] While various inventive aspects, concepts, and features of the general
inventive concepts are described and illustrated herein in the context of various exemplary
embodiments, these various aspects, concepts, and features may be used in many alternative
embodiments, either individually or in various combinations and sub-combinations thereof.
Unless expressly excluded herein all such combinations and sub-combinations are intended to
be within the scope of the general inventive concepts. Still further, while various alternative
embodiments as to the various aspects, concepts, and features of the inventions (such as
alternative materials, structures, configurations, methods, circuits, devices and components,
software, hardware, control logic, alternatives as to form, fit and function, and so on) may be
described herein, such descriptions are not intended to be a complete or exhaustive list of
available alternative embodiments, whether presently known or later developed. Those
skilled in the art may readily adopt one or more of the inventive aspects, concepts, or features
into additional embodiments and uses within the scope of the general inventive concepts even
if such embodiments are not expressly disclosed herein. Additionally, even though some
aspects, concepts, or features of the inventions may be described herein as being a preferred
arrangement or method, such description is not intended to suggest that such feature is
required or necessary unless expressly so stated. Still further, exemplary or representative

values and ranges may be included to assist in understanding the present disclosure; however,

21



WO 2018/132305 PCT/US2018/012452

such values and ranges are not to be construed in a limiting sense and are intended to be
critical values or ranges only if so expressly stated. Moreover, while various aspects,
concepts, and features may be expressly identified herein as being inventive or forming part
of an invention, such identification is not intended to be exclusive, but rather there may be
inventive aspects, concepts and features that are fully described herein without being
expressly identified as such or as part of a specific invention. Descriptions of exemplary
methods or processes are not limited to inclusion of all steps as being required in all cases,
nor is the order that the steps are presented to be construed as required or necessary unless

expressly so stated.
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What is claimed is:

1. A method of manufacturing a dry liner for reinforcing a pipe, the method comprising:
spirally winding, a glass fiber-reinforced, continuous material around a mandrel such
that a subsequent layer of the glass fiber-reinforced, continuous material at least partially
overlaps a preceding layer of the material to form an overlapping region;
affixing the subsequent layer of material to the preceding layer of material in the

overlapping region.

2. The method of claim 1, wherein one or more thermoplastic fibers are attached to, or
integrated with, the material in the overlapping region, and wherein affixing the subsequent
layer of material to the preceding layer of material in the overlapping region further

comprises at least partially melting the one or more thermoplastic fibers.

3. The method of claim 2, wherein the one or more thermoplastic fibers includes
polypropylene.
4. The method of claim 1, wherein a veil comprising a mixture of glass fibers and

polyester fibers is attached to the glass fiber-reinforced, continuous material, and wherein
affixing the subsequent layer of material to the preceding layer of material in the overlapping

region further comprises at least partially melting polyester fibers of the veil.

5. The method of claim 1, wherein affixing the subsequent layer of material to the
preceding layer of material in the overlapping region further comprises applying an adhesive

onto the material such that the adhesive is at least partially located in the overlapping region.

6. The method of claim 5 wherein the adhesive includes a powder resin, a hot melt

adhesive, a liquid/solvent-based spray glue, or a combination thereof.

7. The method of claim 1, wherein affixing the subsequent layer of material to the
preceding layer of material in the overlapping region further comprises mechanically
entangling the subsequent layer of material to the preceding layer of material in the

overlapping region.
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8. The method of claim 7, wherein mechanically entangling the subsequent layer of
material to the preceding layer of material in the overlapping region further comprises

stitching the preceding layer of material and subsequent layer of material together.

0. The method of claim 1, further comprising removing the dry liner from the mandrel

prior to impregnating the dry liner with a resin.

10. A dry liner for use in reinforcing a pipe, the dry liner comprising:

a spirally wound, glass fiber-reinforced material forming a first layer and a second
layer that at least partially overlaps the first layer to form an overlapping region; and

a second material that affixes the first layer to the second layer in the overlapping

region.

11. The dry liner of claim 10, wherein the second material includes a plurality of

thermoplastic fibers that are melted to affix the first layer to the second layer.

12. The dry liner of claim 11, wherein the thermoplastic fibers were attached to the glass

fiber-reinforced material prior to melting.

13. The dry liner of claim 10, wherein the second material includes an adhesive applied to

the glass fiber-reinforced material at least partially in the overlapping region.

14.  The dry liner of claim 10, wherein the second material includes a mechanical
entanglement.
15. The dry liner of claim 10, wherein the second material includes a veil comprising a

mixture of glass fibers and polyester fibers.
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