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REPAIR OF PIPES

Background

[0001] The present disclosure relates generally to the repair of pipes and more
particularly to methods and systems for pipe repair in which holes in the pipe are patched.

[0002] Over time or because of a particular event or condition (e.g., seismic activity,
exposure to excessive or uneven loads or moments, exposure to micro-organisms, poor
compaction, crown corrosion, corrosive soil, etc.), the structural integrity or capacity of force
mains, other pipes and other structures may diminish. For example, such items may crack,
corrode, deteriorate and the like. Different methods of repairing or otherwise strengthening
damaged pipes and other items are well-known. For example, liners or sheets made of fiber
reinforced polymers can be attached to one or more portions of a pipe interior. Among other
ways, liners of this type can be formed in a tubular shape and dragged in or everted into the pipe
to be repaired. Still further, in larger diameter pipes, the lining may be formed by manually
adhering sheets of repair material to the walls of the pipe.

[0003] Repair of buried or underground pipes in the manner described is hindered by
groundwater infiltration. In many instances repair cannot proceed until groundwater infiltration
is halted, at least temporarily. The conventional solution for metal pipes was to use welding to
block holes or openings in the pipe (e.g., cracks or voids in the pipe side wall) that were
allowing groundwater infiltration. However, this process is very time consuming and expensive.
Other methods, such as simply stuffing material (e.g. pieces of wood, grout, gels or adhesives

without any reinforcement) into pipe openings are unreliable.

Summary

[0004] In one aspect, a method of repairing a section of a pipe including a breach in the
pipe comprises preparing a surface of a wall of the pipe generally around the breach. A piece of
conformable material of the type capable of carrying a curable polymer is sized in relation to a
size of the breach. The sized piece of conformable material is applied to the prepared surface so
that the breach is covered by the piece of conformable material. The piece of conformable
material is impregnated with a curable polymer. The curable polymer is cured within the piece
of conformable material thereby to seal the breach against egress of groundwater into the pipe.

[0005] In another aspect, a repaired pipe having a breach in the side wall closed by the
repair comprises a conditioned surface around the breach. Adhesive is applied to the conditioned

surface. A piece of fiber reinforced polymer material is cured over the breach and joined to the
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side wall of the pipe at least in part by the adhesive. The piece of fiber reinforced polymer
material seals the breach against egress of groundwater into the pipe. The piece of reinforced
polymer material is sized to cover the breach.

[0006] Other aspects and features will also be apparent in view of the included

drawings, description, and claims.

Brief Description of the Drawings

[0007] FIG.1 is a perspective of a pipe having an opening in a side wall thereof;

[0008] FIG. 2 is an enlarged section taken in the plane including line 2-2 of Fig. 1 and
schematically illustrating a repair of the pipe opening according to the principles of the present
invention;

[0009] FIG. 3 is a schematic cross section of a test system for testing a pipe repair; and

[0010] FIG. 4 is a schematic bottom plan view of the test system with certain upper
features of the test system illustrated in phantom.

[0011] Corresponding reference characters indicate corresponding parts throughout the

several views of the drawings.

Detailed Description

[0012] Referring now to the drawings, a pipe 1 in need of repair shown schematically
in Fig. 1 has a side wall hole or opening 3 caused by damage to the pipe. Although not
illustrated, the pipe 1 is located underground where groundwater may pass into the pipe 1
through the opening 3. The size of the opening 3 is shown large for ease of visualization, but
need not be as large as shown to permit undesired infiltration of groundwater into the pipe. For
example, an opening, hole or breach may be no more than a crack or pinhole that extends
through the side wall of the pipe allowing groundwater to pass into the interior of the pipe. Dirt
and other debris may also flow into the pipe through the opening 3. In order to repair the entire
pipe 1, such as by applying a fiber reinforced polymer to the interior walls of the pipe, it is
desirable to stop groundwater infiltration prior to carrying out the full repair.

[0013] Repair of the opening 3 in the pipe 1 may be temporary until a more universal
repair of the pipe is accomplished, or could be a longer term repair. According to a process of
the present invention, a portion of the internal wall of the pipe 1 around the opening 3 is
prepared for bonding in a suitable manner. For example, the internal wall portion is conditioned

to facilitate bonding of a material to the wall with an epoxy or other suitable adhesive. Other
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portions of the pipe near the opening 3 are not required to be finished. In one embodiment, the
internal wall portion is brought to a near white finish. This may be accomplished by abrasive
blasting, mechanical grinding, hand sanding or by other suitable processes or combination of
processes. The materials used to accomplish the finish of the internal wall portion may be
broadly referred to as "abraders." The internal wall portion is then roughened and then cleaned.
Surface roughening can be carried out by hand or with other mechanical assistance. For
example, roughening can be achieved using high pressure water blasting, sand blasting, with a
grinding wheel, wire brush or by other suitable techniques. Surface cleaning can be as simple as
wiping with rags, vacuuming or broom cleaning. In other embodiments, solvents may be used
or other special chemicals when, for example, reduction of chlorides or other contaminants is
needed. Prior to conditioning the internal wall portion surrounding the opening 3, a stopgap seal
of the opening may be employed. For example conformable materials may be forced by hand
into the opening to achieve a momentary stoppage of infiltration.

[0014] After the internal wall portion surrounding the opening 3 is cleaned and dry, a
prime coat of adhesive is applied to the internal wall portion. For example an epoxy may be
used. Preferably, the epoxy should be one that forms a liquid barrier at least in any interstices of
a fabric to which is it applied for use in forming an unbroken liquid barrier. The epoxy also
needs to prevent liquid from moving laterally across the fabric, which could result in leakage
around the fabric. One example of a suitable epoxy is Tyfo® S epoxy available from Fyfe Co.
LLC of San Diego, California. However, it will be understood that other suitable materials
could be used within the scope of the present invention.

[0015] A first piece of fabric 5 capable of holding a hardening or curable material is
sized in relation to the size of the opening 3 to cover the opening, but is not sized for lining the
entire pipe. In most cases, that means the first piece of fabric 5 is sized much smaller than the
circumference of the pipe at the location of the opening 3. After the prime coat is applied, the
first fabric piece S is applied over the opening 3 and against the internal wall portion next to the
opening on the prime coat. Preferably the application occurs while the prime coat is still tacky.
In one embodiment, the fabric is a fiber ladened woven fabric or chopped strand mat of glass
fibers or other suitable fibrous materials (e.g., carbon fibers, basalt fibers, aramid fibers, ultra-
high molecular weight polyethylene fibers, or other, preferably non-conductive fibers, etc.). A
suitable multi-axial fabric comprises a woven fabric. In one or more embodiments, the woven
fabric is a bi-directional woven fabric with warp and weft fibers generally oriented

perpendicular to one another (e.g., 0°/90°, +45°/-45°, etc.). A suitable bi-directional fabric
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material may include more or stronger fibers oriented in one direction (e.g., the warp direction)
than the other direction (e.g., the weft direction). For purposes of the present application the
direction including more and/or stronger fibers, whether warp, weft or any other orientation
within the fabric material, may be referred to as the "strong direction" of the fabric material.
Other bi-directional materials include substantially the same amount of fibers in the warp and
weft directions without departing from the scope of the invention. In a preferred embodiment of
a woven multi-axial fabric, the fabric sheet 5 has a satin or twill weave. For example, a suitable
weave is one in which the weft floats or skips over as many as 12 warps before being woven in
to the weave. The next pick repeats the float, but on a different set of warps. Generally the
material will be at least minimally conformable to the surface (e.g., the interior of a pipe) to
which it is applied. However, "conformable" includes semi-rigid materials. Preferably, the
material is configured to hold at least some hardenable material in such a fashion that the
hardenable material (e.g., epoxy) can fill in any void spaces in the fabric. The fabric can be
treated with a sizing to improve the bond of the glass fiber to the epoxy. One example of a
suitable material is Tyfo® WEB reinforcing fabric available from Fyfe Co. LLC of San Diego,
California. Tyfo® WEB reinforcing fabric is a satin woven glass fabric in which each weft
bundle of glass fibers floats over three adjacent warp bundles of glass fibers. Materials of this
construction have good resistance to penetration by liquids.

[0016] The first fabric piece 5 is impregnated (e.g., saturated) with a hardenable
polymer or other hardenable material to form a fiber reinforced composite. Preferably, the
fabric 5 is impregnated such that the hardenable material fills substantially all of the void spaces
in the fabric. In a preferred embodiment, the first fabric piece 5 is impregnated prior to being
placed against the internal wall portion surrounding the opening 3. However, the fabric piece 5
could be placed against the primer coat on the internal wall portion dry and then impregnated
within the scope of the present invention. In a still further embodiment, the fabric piece 5 may
not be impregnated with resin at any point in the process. One example of a suitable hardenable
polymer is an epoxy. One such epoxy is Tyfo® S epoxy available from Fyfe Co. LLC of San
Diego California. Use of Tyfo® S epoxy as both the primer coat and the hardenable polymer
has been found effective. However, it will be appreciated by those of ordinary skill in the art
that different materials may be used for the primer coat and for the hardenable polymer within
the scope of the present invention.

[0017] Asillustrated in Fig. 2, a second fabric piece 7 is placed over the first fabric

piece 5 and against the primer coat on the internal wall portion surrounding the opening 3. The
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second fabric piece 7 can be the same material as the first fabric piece 5, or be a different
material. The second fabric piece 7 can be impregnated with the same or a different hardenable
polymer and then applied to the first fabric piece 5 and primer coat. It is also possible to apply
the second fabric piece 7 in an unimpregnated or dry condition to the first fabric piece 5 and
then saturate the second fabric piece. In one embodiment, the first fabric piece 5 and the second
fabric piece 7 are cut so that the fibers of the first piece are oriented at approximately 45° with
respect to the edges of the piece and the fibers of the second piece are oriented at 90° with
respect to the edges. For example, when the first and second fabric sheets 5, 7 are each 90° bi-
directional woven fabrics, the second fabric sheet can be applied to the first fabric sheet so the
fibers in the second fabric sheet are oriented transverse (e.g., at an angle of about 45°) with
respect to the fibers of the first fabric sheet. It will be understood that the second piece 7 may be
omitted without departing from the scope of the present invention. Moreover, additional pieces
of material (not shown) may be applied. The use of two pieces with differently aligned fibers
may improve the water tightness of the combined fabric pieces.

[0018] The impregnated fabric pieces 5, 7 can be allowed to cure in the air or more
rapidly cured using heat, UV or other curing stimulant. As cured, the epoxy and fabric pieces 5,
7 provide a strong and liquid tight covering for the opening 3, preventing further infiltration of
groundwater into the pipe 1. This allows a more universal repair of the pipe 1 to be carried out
in optimum (e.g., dry) conditions conducive to the best overall repair result. For example, other
pieces of curable materials (not shown) may be applied to the internal or external walls of the
pipe 1 in such a manner as to completely line the interior of the pipe. An example of a suitable
system for overall repair of the pipe is shown in U.S. Patent No. 5,931,198. This material can be
applied over the fabric pieces 5, 7. It is also possible to form material into a tube and drag or
evert the tube into the pipe 1. The tube of material can be impregnated with a hardenable
polymer and cured in the pipe in manner well known to those of ordinary skill in the art.

[0019] Referring to Figs. 3 and 4, a test of a system for evaluating the effectiveness of
a liquid tight covering placed over an opening in a side wall of a pipe is generally indicated at
reference number 100. Several test systems 100 were used to test the effectiveness of one
exemplary embodiment of a liquid tight covering configured to be placed over an opening in a
pipe wall. After briefly describing the test system 100 and how it was used during testing, the
results will be described below.

[0020] Each test system 100 includes a generally square steel plate 110, which is
designed to function like the wall of the pipe 1. The plate 110 has a length and width of about
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12 inches (about 30.48 cm), respectively, and a thickness of about 0.375 inches (about 0.953
cm). A test slot 112, which 1s configured to function like a relatively large void in the wall of the
pipe 1, extends through the thickness of the plate 110. The slot 112 has a length of about 6
inches (about 15.24 ¢cm) and a width of about 0.75 inches (about 1.905 ¢cm). The plate 110 is
secured by a liquid tight connection to one end of a cylinder 114 so that the slot 112 is fluidly
coupled to the interior of the cylinder. The cylinder has in interior diameter of about 6 inches
(about 15.24 cm) and is arranged relative the plate 110 so that the slot 112 is centered
diametrically at one end of the cylinder interior. The cylinder 114 is adapted to be at least
partially filled with water and includes a compressed air fitting 116 opposite the plate 110.
[0021] Having described the structure of the illustrated test system 100, the steps
testing technicians performed to construct suitable coverings over the slots 112 of six test
systems 100 and to test the liquid tightness of the coverings will now be briefly described.
Before placing the covering over each of the slots 112, the technicians prepared the surfaces of
the plates 110 opposite the cylinders 114 and applied prime coats of Tyfo® S epoxy. For each
of the six test systems 100, the technicians cut a first rectangular shaped piece 5 of Tyfo® Web
fabric to a length of about 12 inches (about 30.48 cm) and a width of about 6 inches (about
15.24 cm). While the prime coat was still tacky, the technicians impregnated the first pieces of
fabric 5 with Tyfo® S epoxy and applied each to a respective plate 110 in a centered position in
which the longitudinal ends of the sheet were substantially aligned with opposite sides of the
plate and the length of the fabric sheet was oriented substantially parallel to the length of the slot
112. In this position, the fabric sheet 5 completely covered the slot 112. The fibers in the piece
of fabric 5 are arranged so as to intersect the sides of the sheet at an angle of about 90°. The
piece of fabric 5 is applied over the slot 112 so that the fibers make an angle of 90° with respect
to a longitudinal axis of the slot. The technicians also cut a second, substantially square sheet
fabric sheet of Tyfo® Web fabric 7 measuring about 12 inches (about 30.48 cm) between
opposite corners. The technicians impregnated the second pieces with Tyfo® S epoxy and
subsequently applied each to a respective plate 110 in a centered position in which the corners of
the sheet were substantially aligned with the sides of the plate. As applied to the plates 110, the
second pieces of fabric 7 substantially covered the slots 112. The fibers of the second piece of
fabric 7 are oriented at right angles with respect to the edges of the piece of fabric. As applied to
the plate 110, the bidirectional fibers of the fabric 7 make angles of +45° with respect to the
longitudinal axis of the slot 112. The piece of fabric 7 was applied so that the direction in which

the fibers are strongest is oriented at 45° with respect to the direction in which the fibers are
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strongest in the piece of fabric 5. After applying the first and second pieces of fabric 5, 7 to
each plate, the epoxy was allowed to cure at ambient conditions for a minimum of 72 hours.
Once the epoxy cured, the pieces of fabric 5, 7 formed an exemplary liquid tight covering over
the slot 112.

[0022] After the coverings were applied over the slots 112 of each of the six test
systems 100, the liquid tightness of the coverings was tested. The cylinders 114 of each of the
test samples were partially filled with deionized water. The fluid inside four of the ten cylinders
114 was pressurized to an internal pressure of about 50 psi (about 345 kPa), and the fluid inside
the other two cylinders was pressurized to an internal pressure of 100 psi (about 689 kPa). The
technicians placed each of the test systems 110 in a holding facility for a period of 7 days. A
temperature monitoring system continuously monitored the environmental temperature
throughout the seven-day period, and a humidity monitoring system provided daily recordings of
the humidity in the holding facility. During the seven day holding period, the patches of both
the 50 psi test systems and the 100 psi test systems showed no signs of leakage. Due to
environmental changes over the seven day period, the internal pressures of each of the 50 psi
cylinders decreased by about 2-3 psi (about 13.79-20.68 kPa) per day and the internal pressures
of each of the 100 psi cylinders decreased by about 5-7 psi (about 34.47-48.26 kPa) per day. To
maintain substantially constant fluid pressures throughout the seven-day holding period, the
technicians added pressure to each of the cylinders 114 on a daily basis. The results of the seven
day holding period testing indicated that the coverings were substantially liquid tight at fluid
pressures of about 50 psi (about 345 kPa) for a period of seven days. Likewise, the results of the
seven day holding period testing indicated that the coverings were substantially liquid tight at
fluid pressures of about 100 psi (about 689 kPa) for a period of seven days.

[0023] Once the seven day holding period ended, the technicians performed burst
testing on each of the six test systems 100. During burst testing, the fluid pressure in each of the
cylinders 114 was slowly increased until the covering over the slots 112 failed and the water
contained in the cylinders escaped through the slots. The pressure at which the coverings
ruptured was recorded as the burst pressure for the sample. As shown in Table 1 below, the
patches provided by the first and second fabric sheets 5, 7 remained watertight up to a fluid
pressure of at least about 290 psi (about 2000 kPa).

Sample Number Seven Day Holding Pressure - | Burst Pressure - psi (kPa)
psi (kPa)

1 50 (345 kPa) 401 (2,765)
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2 50 (345 kPa) 447 (3,082)
3 50 (345 kPa) 293 (2,020)
4 50 (345 kPa) 315 (2,172)
5 100 (689 kPa) 431 (2,972)
6 100 (689 kPa) 488 (3,365)

[0024] The systems, apparatuses, devices and/or other articles disclosed herein may be
formed through any suitable means. The various methods and techniques described above
provide a number of ways to carry out the inventions. Of course, it is to be understood that not
necessarily all objectives or advantages described may be achieved in accordance with any
particular embodiment described herein. Thus, for example, those skilled in the art will
recognize that the methods may be performed in a manner that achieves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving other
objectives or advantages as may be taught or suggested herein.

[0025] Furthermore, the skilled artisan will recognize the interchangeability of various
features from different embodiments disclosed herein. Similarly, the various features and steps
discussed above, as well as other known equivalents for each such feature or step, can be mixed
and matched by one of ordinary skill in this art to perform methods in accordance with
principles described herein. Additionally, the methods which are described and illustrated
herein are not limited to the exact sequence of acts described, nor are they necessarily limited to
the practice of all of the acts set forth. Other sequences of events or acts, or less than all of the
events, or simultaneous occurrence of the events, may be utilized in practicing the embodiments
of the invention.

[0026] Although the inventions have been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the inventions
extend beyond the specifically disclosed embodiments to other alternative embodiments and/or
uses and obvious modifications and equivalents thereof. Accordingly, it is not intended that the

inventions be limited, except as by the appended claims.
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WHAT IS CLAIMED IS:

1. A method of repairing a section of a pipe including a breach in the pipe, the
method comprising:

preparing a surface of a wall of the pipe generally around the breach;

sizing a piece of conformable material of the type capable of carrying a curable polymer
in relation to a size of the breach;

applying the sized piece of conformable material to the prepared surface so that the
breach is covered by the piece of conformable material,

impregnating the piece of conformable material with a curable polymer; and

curing the curable polymer within the piece of conformable material thereby to seal the

breach against egress of groundwater into the pipe.

2. The method of claim 1 wherein the piece of conformable material comprises a
first piece of conformable material and the method further comprises applying a second piece of
conformable material of the type capable of carrying a curable polymer over the applied first

piece of conformable material.

3. The method of claim 2 wherein each of the first and second pieces of
conformable material have fibers arranged to give the piece of conformable material a greater
strength in a strong direction, and the strong directions of the first and second pieces of

conformable material are transverse to each other.

4. The method of claim 1 wherein the step of impregnating the piece of conformable

material occurs prior to the step of applying the conformable material to the prepared surface.

5. The method of claim 1 further comprising applying a primer coat material to the
prepared surface and over less than the entire circumference of the pipe at the location of the

breach prior to applying the conformable material to the prepared surface.

6. The method of claim 1 wherein the piece of conformable material comprises

chopped strand mat.
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7. The method of claim 1 further comprising lining the entire section of pipe
including the sealed breach.
8. A repaired pipe having a breach in the side wall closed by the repair, the repaired

pipe comprising:

a conditioned surface around the breach;

adhesive applied to the conditioned surface; and

a piece of fiber reinforced polymer material cured over the breach and joined to the side
wall of the pipe at least in part by the adhesive, the piece of fiber reinforced polymer material
sealing the breach against egress of groundwater into the pipe, the piece of reinforced polymer

material being sized to cover the breach.

0. The repaired pipe as set forth in claim 8 wherein the piece of fiber reinforced
polymer material comprises a first piece of fiber reinforced polymer material, the repaired pipe
further comprising a second piece of fiber reinforced polymer material at least partially

overlying the first piece of fiber reinforced polymer material.

10.  The repaired pipe as set forth in claim 9 further comprising a liner covering the
entire circumference of the repaired pipe an overlying the first and second pieces of fiber

reinforced polymer material.

11.  The repaired pipe as set forth in claim 8 wherein the piece of fiber reinforced

polymer material comprises a fiber ladened fabric and a cured polymer in the fabric.

12.  The repaired pipe as set forth in claim 11 wherein the fiber ladened fabric

comprises multi-axial fabric.

13.  The repaired pipe as set forth in claim 12 wherein the piece of fiber reinforced
polymer material comprises a first piece of fiber reinforced polymer material, the repaired pipe
further comprising a second piece of fiber reinforced polymer material, the second piece of fiber
reinforced polymer material comprising of multi-axial fabric and a cured polymer in the fabric,
the multi-axial fabric of the first piece of fiber reinforced material having fibers arranged so that

the fabric has greatest strength in a strong direction and the multi-axial fabric of the second
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piece of fiber reinforced material having fibers arranged so that the fabric has greatest strength

in a strong direction.

14.  The repaired pipe as set forth in claim 13 wherein the strong direction of the
multi-axial fabric of the first piece of fiber reinforced polymer material is transverse to the
strong direction of the multi-axial fabric of the second piece of fiber reinforced polymer

material.

15.  The repaired pipe as set forth in claim 11 wherein the piece of fiber reinforced

polymer material comprises a woven fabric having one of a satin weave and a twill weave.

16.  The repaired pipe as set forth in claim 8 wherein the piece of fiber reinforced

polymer material comprises chopped strand mat.

17.  The repaired pipe as set forth in claim 8 wherein the fiber reinforced polymer
material forms a liquid tight covering over the breach capable of holding a substantially

continuous liquid pressure of about 50 psi (345 kPa) for a period of at least seven days.

18.  The repaired pipe as set forth in claim 8 wherein the fiber reinforced polymer
material forms a liquid tight covering over the breach capable of holding a substantially

continuous liquid pressure of about 100 psi (689 kPa) for a period of at least seven days.

19.  The repaired pipe as set forth in claim 8 wherein the fiber reinforced polymer
material forms a liquid tight covering over the breach having a burst pressure of at least about

290 psi (2,000 kPa).



