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GROUND HEAT EXCHANGER

Field

This invention relates to a geothermal system of heat exchange and more particularly to a
geothermal pile that is disposed in the ground inside a contained source of water.

Background

Geothermal energy is said to be the second most abundant source of heat on earth. It is the heat
energy stored in the earth contained in rocks and metallic alloys, just below the outer surface of
the earth. The temperature of these rocks and metal alloys is at or near their melting points.
Geothermal piles are often used to capture and bring above ground this heat stored below the
ground. United States Patent 10,655,892 in the names of Kong et al. describes a geothermal heat
transfer pipe embedded in a prefabricated pipe pile sealed by closing the bottom thereof and
United States patent 9,611,611 in the name of Klekotka , et al. describes the process of driving
piles and installation of piles into the ground for geothermal applications, both patents incorporated
herein by reference. United States Patent 9,708,885 incorporated herein by reference in the name
of Loveday et al., entitled System and Method for Extracting Energy, describes ways in which to
better couple a pile with walls of a surrounding borehole by injecting water into an annulus
between the pile and the soil to have the soil form a better thermal coupling with the pile after
mixing with the injected water.

Geothermal piles are typically made of concrete or steel having a wellhead at an upper end and
having a U-shaped conduit within the center thereof for carrying a fluid such as water, alcohol,
refrigerant, and a combination thereof.

Although piles of this type perform a function, their ability to capture heat from the surrounding
soil is somewhat limited and depends to some degree on the type of soil in which the pile is housed.
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The presence of a groundwater table can facilitate heat transfer to and from the ground because
thermal conductivities of water and soil are orders of magnitude higher than that of air. Thus,
saturated soil is a more efficient medium for heat transfer than dry soil. Furthermore having a
greater surface area in which to collect energy and a medium to augment the transfer is
advantageous. This invention provides a vessel disposed within the ground containing a liquid
such as water, hereafter referred to as an artificial water table. This artificial water table in the
form of a vessel contains a geothermal pipe disposed coaxially within the vessel. The artificial
water table augments heat transfer into or out of the geothermal pipe from the surrounding ground.

Summary

It is well known that energy transfer in a medium such as water has a convective and a conductive
component. Although other liquids may be used, in a preferred embodiment described hereafter
water is selected as a suitable medium to transfer heat from the ground to a geothermal pipe rather
than directly coupling the geothermal pipe to the surrounding ground.
Using water as an intermediary coupling medium offers numerous advantages. It is abundant, safe
in the instance of a leak in the vessel, and has adequate conductive properties.

This invention provides an in-ground vessel containing water for collecting heat from the
surrounding ground, the vessel having disposed therein a geothermal pipe or pile for collecting
heat from the ground heated water within the vessel. The water containing vessel containing the
geothermal pipe may have crushed gravel or other solid medium therein to assist in securing the
geothermal pipe or pile. Preferably the vessel is a steel pile having a closed bottom end.

In accordance with an aspect of this invention there is provided, a geothermal system comprising
a central pipe disposed coaxially within a vessel located at a depth within the ground, the central
pipe containing a conduit for transporting a liquid from an inlet port to an outlet port through at
least a portion of the central pipe in two directions;
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the vessel containing a liquid in a region about the outside of the central pipe so that the liquid
surrounds and contacts the central pipe, wherein the outer surface area of the vessel is n times
greater than the outer surface area of the central pipe at same height.

In accordance with another aspect of the invention, there is provided a method comprising:
boring a hole in the ground having depth of at least 25 feet and at least a diameter of 40 inches;
disposing a first tube into the bored hole and conforming to the bore hole and ensuring that a
bottom end of the tube is sealed so that the tube forms a vessel suitable for containing a heat
conducing liquid;
disposing a geothermal pile having a smaller diameter into the first tube;
filling the first tube in a region outside geothermal pile with a heat conducting first liquid to a
height so that at least a bottom portion of the geothermal pile is surrounded with the first liquid;
wherein the geothermal pile has a conduit disposed therein for circulating a 2nd liquid into and out
of the geothermal pile, wherein the first liquid is isolated from the 2nd liquid so that the two liquids
are separate, and wherein in operation, heat is transferred from the ground about the first tube to
the conducting first liquid and between the conducting first liquid to the second liquid through
conduction.

Brief Description of the Drawings

Exemplary embodiments will be described in accordance with the drawings, in which:

FIG. 1 is a drawing of a closed end geothermal heat exchange pile;

FIG. 2 is a drawing of a closed end geothermal heat exchange pile;

FIG. 3 is a drawing of a geothermal heat exchange pile having a grout sealed closed end; and,

FIG. 4 is a drawing of a co-axial geothermal heat exchanger in accordance with an aspect of the
invention.
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Fig 5 is an alternative embodiment having a concrete plug sealing the end.

Detailed Description

Construction piles of various types as shown in FIGs 1 through 3 are used as geothermal piles.
FIG. 1 is an illustration of a 50 ft. closed end driven pile used in a geothermal application. FIG. 2
shows a geothermal closed end helical pile of similar dimension. The base of the pile shown in
FIG. 3 has a non shrink grout seal. Although the length of the piles shown is a standard 50 ft.
length similar piles of other dimensions can be used depending on the depth requirement.
Regardless of whether geothermal energy piles are made of concrete or steel these piles are adapted
to have an inlet port and outlet port above grade and a continuous conduit there within which
extends longitudinally from a top end to near the bottom end along the length of the geothermal
energy pile. The conduit may be coiled or u-shaped. It must provide a path for fluid to flow from
the top to the bottom and back up to a top end at an outlet port and while the fluid is moving
through the pile heat is transferred into or out of the conduit from outside the conduit; in heating
applications, this heat is collected from the surrounding ground.

Turning now to FIG. 4 a geothermal pile 100 having a circular cross-section of 8 inches is shown
having a conduit 44 having an inlet port 42a and outlet port 42b. The conduit 44 is preferably
composed of a heat conducting material such as copper, although plastic tubing may be used with
less effectiveness in transferring heat to or from the fluid within the conduit 44. The description
which follows refers to the capturing of heat from the ground to the fluid within the conduit 44,
however it should be understood that the reverse may occur if the ground is cooler than the
incoming fluid in the conduit, and depending on the temperature difference, geothermal systems
may be used for heating or cooling. In a preferred embodiment not shown, the conduit has its
upper portion insulated or double jacketed so that heat collected at the lower portion of the pile is
not lost traveling upward. In a further preferred embodiment the conduit is made of a highly
conductive material at its bottom end, that is the end closest to where the bottom of the pile is
located within the borehole, and is conjoined with a second of tubing made of insulating material
at the upper end so that less collected heat is lost along the return path.
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Geothermal energy pile 100 is shown disposed within and coaxial with a larger energy transfer
pile 200 having circular cross-section with a diameter of 48 inches and a closed bottom end; the
pile 200 is shown to have a diameter approximately three time greater than the diameter of the
energy pile 100. A liquid such as water 220 is contained within the annular space between the
outer wall of pile 100 and the inner wall of the energy transfer pile 200. Thus pile 200 is a vessel
containing water and also contains the geothermal pile 100 in a center region thereof. The pile 200
is made of steel having a predetermined thickness selected to provide a required strength and
longevity to withstand forces upon it. Noticeably the larger diameter steel pile 200 has a much
greater outer surface area than the outer surface area of the geothermal pile 100. Since the surface
area of a pile having a circular cross section is r2h, the larger surface area of pile 200 collects a
significantly greater amount of energy from the soil directly adjacent to it than a smaller diameter
pile would in the absence of the larger pile 200 due to the squared term r2. For a geothermal pile
of having a height of 10’ and a radius of 1 foot the surface area of that pile contacting the ground
would be 10 . For a larger pile surrounding the geothermal pile having a radius of 4 feet and a
same height of 10 feet the surface area would be 160  The water contained within the region
between the steel pile 200 and the geothermal pile 100 is in contact with the large surface area
steel wall and absorbs the ground heat from the soil adjacent to the outer wall of the pile 200. The
heat absorbed by the water is transferred though conduction and convection to the geothermal pile
100; and, the speed in which heat transfers by conduction and convection is considerably greater
than the speed of heat transfer by conduction alone. Exemplary diameters for the pile 100 and the
pile 200 would be (8” 36”), (12” 48”) (18” 72”)
In an alternative embodiment not shown a circulating pump is provided to increase the turbulence
and hence the convective effect and speed of energy transfer through the water stored between the
pile 200 and the pile 100. An yet another embodiment a small rotating hub with radiating blades
disposed within the water near the bottom of the pile can provide additional circulation to increase
the rate of heat transfer.

Although the embodiments described heretofore describe and illustrate providing a borehole,
disposing a large diameter pile having a closed end in the borehole, placing a geothermal pile
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within the large diameter pile, and filling the annulus between the two piles with an energy
conducting liquid such as water, other embodiments may be envisaged.
For example it may be possible to dispose a geothermal cell in the center of the large diameter pile
which is not in the form of a pile, but is a conduit which directs a fluid into and out of the
geothermal cell.

In yet another embodiment now shown, the larger energy transferring pile having a larger diameter
may be significantly shorter in height that the geothermal cell or pile placed within it.
What is important is that the larger pile or vessel be located where the most energy transfer will
take place.

Another feature that this invention provides is a means to ensure that the vessel contains a suitable
amount of water. A simple sump pump can be provided which fills the vessel if the amount of
water within is less than a predetermined amount.

In another embodiment of this invention a flow control valve can be added to the bottom of the
larger vessel to allow pumped in water to flow into the vessel slowly in a controlled manner and
to overflow over the annulus to the surrounding soil so as to have a better thermal contact between
the surrounding ground and the vessel. This flow would also add turbulence to the water within
the vessel in the anulus which is advantages for convective heat transfer between the surrounding
soil and the geothermal pile.

Although the embodiments described heretofore have shown the liquid disposed between the inner
geothermal cell and the outer pile to be water, other liquids can be used, and material such as
crushed stone can be placed within the water to assist in securing the inner pile.
Diameters for the pile 100 and the pile 200 would be (8” 36”), (12” 48”) (18” 72”) (24” 96”) with
a concrete annulus. End caps will be used. Drilling of 25 to 100 feet down is possible with water
table aiding not having to go deeper than this. Well will be called D ‘King’ pile. 3 to 10 piles will
make up a ‘King’ pile. A steel liner will be a spiral weld seal typically (non-leak). Different types
of steel liners will be used. A and B piles will have end caps. The following applications will be
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used for each pile; A – plate, B – helical drill, C – micropile using grout plug. In cases where ID
pipes are used, they will all have plates at the bottom. Plumbing into the annulus will help to fill
and keep wet the outside closed system.
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CLAIMS

What is claimed is:

1. A system for heat exchange comprising:
a large diameter closed end pile having a diameter d1 disposed within a borehole
a geothermal pile having a diameter d2, where d2<d1, wherein the geothermal pile is
disposed within the large diameter pile;
a volume of energy transfer liquid stored therebetween the geothermal pile and the large
diameter pile.
2. A system as defined in claim 1 wherein the height of the energy transfer liquid stored
between the geothermal pile and the large diameter pile is less than ¾ of the height of the
geothermal pile.
3. A system as defined in claim 1 or 2 wherein a conduit within the geothermal pile has an
upper portion that is insulated.
4. A system as defined in any of claims 1 to 3 further comprising means for inducing a
convective current within the energy transfer liquid.
5. A system as defined in any of claims 1 to 4 further comprising gravel or clear stone within
the energy transfer liquid.
6. A method of constructing a heat exchange system comprising:
providing a borehole having a first diameter d1;
inserting a tube with a closed bottom end having a diameter d2 less or equal to d1;
inserting a geothermal pipe within the tube;
surrounding the geothermal pipe with a volume of heat transferring liquid, wherein the
liquid resides between the tube and the pipe .
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Cell Type

Length, ft

Notes / Condition

Type A, Driven Pile

40-60

Welded end plate, 10"-12" pipe, water table desired

Type B, Helical Pile
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Welded end plate, 10"-12" pipe, water table desired

Type C, Micropile
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Type D1, Predrilled Caisson
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Type D2, Predrilled Caisson

40-60

1m grout plug, 8"-10" pipe c/w sealed joints,
water table desired
Temporary liner to placer a sand or stone, water table
created by water added in a clay
1.5m concrete plug, permanent steel liner to create MWT,
water table created by water added.
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ABSTRACT
A frame for supporting a photovoltaic module (PV) includes a plurality of sidewalls, which
are arranged to support the PV module at a spaced distance from an installation surface. The
sidewalls define an interior volume having an open top and open bottom. One sidewall has a
5

plurality of openings defined therethrough along a portion of a length thereof. A plenum is
disposed adjacent to an exterior surface of the first sidewall and extends along at least the
portion of the length of the first sidewall having the plurality of openings defined
therethrough. The plenum has an inlet port for receiving a flow of warmed air from a source
of warmed air, and is configured to distribute the flow of warmed air through at least some of
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the plurality of openings in the first sidewall and into the interior volume.
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FRAME WITH PLENUM FOR SUPPORTING A PHOTOVOLTAIC ARRAY

FIELD
The present invention relates to a frame for use in installing a photovoltaic module or an array
of such modules on the roof of a building, and in particular to a frame having a plenum for
5

directing a flow of warmed air under the photovoltaic module or array.
BACKGROUND
A “photovoltaic module” or “photovoltaic panel” refers to a packaged and interconnected
assembly of photovoltaic (PV) cells. An installation of PV modules or panels is known as a
photovoltaic array. PV cells typically require protection from the environment. For reasons
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of cost and practicality, a number of cells are typically connected together electrically and
packaged in a photovoltaic panel, which typically includes a frame that is formed from
aluminum or other weather-resistant materials and covered with glass. The glass cover allows
transmission of light therethrough but at the same time protects the PV cells from the
elements and physical damage.
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Photovoltaic modules or arrays are commonly installed on the roofs of houses or office
buildings, which permits widespread deployment of solar power systems even in densely
populated cities or areas that have limited available ground space. Various mounting systems
are known for securing PV modules or arrays to sloped or flat roofs. For instance, a series of
rails may be secured to a roof using fasteners and the PV modules may be clipped directly to
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the rails. Alternatively, several PV modules may be arranged to form an array within a frame,
which is then installed as an assembled unit. A different approach uses raised frames with
triangular-shaped supports to angle the PV modules toward the sun.
A problem that is commonly encountered in cold climates is that snow, sleet, ice etc. tend to
collect and build up on the glass covers of the PV modules. Snow, in particular, severely

25

reduces the intensity of sunlight being received by the PV cells, thus making solar panel
power generation inefficient during winters and in cold climates.
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The need thus exists for an improved system for installing photovoltaic modules and arrays
that addresses the above-mentioned drawbacks.
SUMMARY
In accordance with an aspect of at least one embodiment there is provided a frame for
5

supporting at least one photovoltaic module, comprising: a plurality of sidewalls arranged to
support the at least one photovoltaic module at a spaced distance from an installation surface,
the sidewalls defining an interior volume having an open top and an open bottom, wherein a
first sidewall of the plurality of sidewalls has a plurality of openings defined therethrough
along a portion of a length thereof; and a plenum disposed adjacent the first sidewall and
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extending along at least the portion of the length of the first sidewall having the plurality of
openings defined therethrough, the plenum having an inlet port for receiving a flow of
warmed air from a source of warmed air, and the plenum configured to distribute the flow of
warmed air through at least some of the plurality of openings in the first sidewall and into the
interior volume.
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In accordance with an aspect of at least one embodiment there is provided a kit for supporting
at least one photovoltaic module on a roof of a building, comprising: a frame comprising a
plurality of sidewalls defining an interior volume that is covered by the at least one
photovoltaic module when in a supported condition, one of the sidewalls having a plurality of
openings defined therethrough, and the frame having a plenum defined adjacent to an exterior

20

surface of the first sidewall and covering the plurality of openings, the plenum having an inlet
port for receiving a flow of warmed air; a heater element; and a fan for directing into the
plenum a flow of air that has been warmed by the heater element
In accordance with an aspect of at least one embodiment there is provided a method
comprising: providing at least one photovoltaic module supported by a frame comprising a
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plurality of sidewalls, a first one of the sidewalls having a plurality of openings defined
therethrough, and a plenum is disposed adjacent to the first sidewall and extends around the
plurality of openings; introducing a flow of warmed air into the plenum via an inlet port
thereof such that the plenum distributes the flow of warmed air through at least some of the
plurality of openings and into a space that is below the at least one photovoltaic module and is

2

Doc. No. 328-13 CA

Green Tech Patent

bounded by the plurality of sidewalls; and after heat transferred to the at least one
photovoltaic module from the warmed air in the space has caused accumulated snow or ice on
the photovoltaic module to melt, stopping the flow of warmed air into the plenum.
BRIEF DESCRIPTION OF THE DRAWINGS
5

The instant disclosure will now be described by way of example only, and with reference to
the attached drawings, in which:
FIG. 1 is a perspective view of a frame according to an embodiment.
FIG. 2 is an exploded view showing a plurality of photovoltaic modules, which collectively
form a photovoltaic array, adjacent to the frame of FIG. 1.
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FIG. 3 is a cross sectional view taken along line 3—3 in FIG. 1, with a photovoltaic module
secured to the frame.
FIG. 4 shows the frame of FIG. 1 installed on a roof of a building and with the plenum in
fluid communication with a source of warm air.
DETAILED DESCRIPTION

15

While the present teachings are described in conjunction with various embodiments and
examples, it is not intended that the present teachings be limited to such embodiments. On
the contrary, the present teachings encompass various alternatives and equivalents, as will be
appreciated by those of skill in the art. All statements herein reciting principles, aspects, and
embodiments of this disclosure, as well as specific examples thereof, are intended to
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encompass both structural and functional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivalents as well as equivalents developed
in the future, i.e., any elements developed that perform the same function, regardless of
structure.
As used herein, the terms "first", "second", and so forth are not intended to imply sequential
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ordering, but rather are intended to distinguish one element from another, unless explicitly
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stated. Similarly, sequential ordering of method steps does not imply a sequential order of
their execution, unless explicitly stated.
As used herein, the term “photovoltaic module” is defined as an assembly of PV cells
mounted in a framework for installation. The terms “photovoltaic panel” and “solar panel”
5

may be used interchangeably with the term “photovoltaic module.”
As used herein, the “photovoltaic array” is defined as a linked collection of PV modules. The
PV modules may be pre-assembled into a frame such that the array is installed as a unit, or the
PV modules may be installed individually on-site to form the PV array.
As used herein, the term “warmed air” refers to air or another gas that has been heated to a
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temperature higher than the ambient air temperature around the installed PV modules. If the
ambient air temperature around the installed PV modules is less than 32°F (0°C), then the
warmed air is heated to a temperature that is higher than 32°F (0°C).
Referring now to FIG. 1, shown is a perspective view of a frame 100 for supporting a
photovoltaic array (not illustrated in FIG. 1), according to an embodiment. The frame 100

15

includes a pair of opposed first sidewalls 102a and 102b and a pair of opposed second
sidewalls 104a and 104b, which cooperate to define an interior volume 106 having an open
top and an open bottom. Longitudinal support members 108a and 108b extend along a length
of the frame 100, through the interior volume 106, between the opposed first sidewalls 104a
and 104b. Each of the longitudinal supports 108a and 108b has an upper support surface that
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is vertically aligned with an upper support surface of the sidewalls 102a, 102b, 104a and
104b.
Referring still to FIG. 1, a plurality of openings 110 are defined along a portion of the length
of one of the first sidewalls 104a, for instance between about 90% and 95% of a total length
of the first sidewall. Of course, the openings may alternatively be defined along a different
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portion of the length of the sidewall 104a and/or may be spaced uniformly or non-uniformly
from one another depending on specific design requirements or other factors. Alternatively,
the plurality of openings 110 may be provided along a portion of the length of another one of
the sidewalls 102a, 102b or 104b. The openings 110 provide fluid communication between
the interior volume 106 and a plenum 112 that is disposed adjacent to an exterior surface of
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the sidewall 104a that is opposite the interior volume 106. The plenum 112 encloses the
plurality of openings 110 and includes an inlet port 114 for receiving a flow of warmed air
from a warmed air source (not illustrated in FIG. 1).
To facilitate mounting the frame 100 on the roof of a building, suitable attachment structures
5

such as for instance welded attachment flanges 116 are provided i.e., at each of the four
corners of the frame 100 between adjacent sidewalls 104a and 102a, 102a and 104b, 104b and
102b, and 102b and 104a. During mounting on the roof of the building, cables attached to a
crane or other suitable equipment may be connected to the welded attachment flanges 116 and
used to lift the frame 100 onto the roof.
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FIG. 2 is an exploded view showing photovoltaic modules forming a photovoltaic array 200,
which is supported on the upper support surfaces of the frame sidewalls 102a, 102b, 104a and
104b and on the upper support surfaces of the longitudinal supports 108a and 108b. The
photovoltaic array 200 is retained in place using suitable mechanical fasteners, such as bolt
202, nut 204 and washers 206 and 208, along the perimeter sidewalls 104a and 104b. As is
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shown most clearly in FIG. 3, which is a cross sectional view taken along the line 3—3 in
FIG. 2, the sidewall 104b may be formed as a plurality of separate profiles that are joined
together, such as for instance by welding. In this specific example, sidewall 104b includes a
first square tube 300, a second square tube 302, and a skirt 304 having an outwardly
extending lower flange 312. By way of a specific and non-limiting example, the first square
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tube 300 is a 1 inch by 1 inch aluminum square tube with a 0.125 inch wall thickness, the
second square tube 302 is a 2 inch by 2 inch aluminum square tube with a 0.125 inch wall
thickness, and the flanged skirt 304 has a height of approximately 5.5 inches to 6 inches with
a flange formed at the base thereof and extending outwardly approximately 1 inch to 1.5
inches. The other sidewalls 102a, 102b and 104a may have a similar structure. Alternatively,
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the sidewalls 102a, 102b, 104a and 104b may be formed such as for instance as extruded
profiles or by using another suitable technique.
Referring still to FIG. 3, the upper support surface 305 of sidewall 104b is defined by a
portion of the second square tube 302 that is disposed inwardly of the first square tube 300.
The upper support surface 305 is recessed below the top of the first square tube 300, such that

30

the first square tube 300 forms a raised edge that extends around the periphery the PV array
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200 and prevents movement of the individual PV modules. The first square tube 300 also acts
as a vertical spacer element for supporting the washer 206, which is preferably has a notch
306 formed on one side thereof. The notch 306 simultaneously engages the top and the sideedge of the PV modules of the PV array 200. The washer 206 does not directly press on the
5

glass cover 308 of the PV modules. Advantageously, the notch 306 spaces the side-edge of
PV module away from the bolt 202 so as to form a gap 310 therebetween. The bolt 202
extends through the washer 206, through the gap 310, through the second square tube 302 and
through a portion of the flanged skirt 304 that is disposed below the second square tube 302.
The washer 208, which is a flat washer, and the nut 204 are secured on the threaded end of
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bolt 202 in known fashion.
Mechanical fasteners are used along the sidewalls 104a and 104b, and additional mechanical
fasteners are used between adjacent PV modules to fasten the PV array 200 to the longitudinal
supports 108a and 108b. However, it is not necessary to use mechanical fasteners along the
sidewalls 102a and 102b since the edges of the PV modules are butted up against first square
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tube 300, which prevents the PV modules from sliding out of the frame 100.
Referring now to FIG. 4, shown is the frame 100 of FIG. 1 and FIG. 2 in an installed
condition on a roof 400 of a building. The photovoltaic array 200 is not shown in FIG. 4 so as
to more clearly illustrate the principle of operation, including a representation of the
directional flow of warmed air that is introduced into the interior volume 106 via the plenum
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112. However, it is to be understood that during use the PV array 200 of PV modules is
installed on the frame 100 and acts as a cover that at least partially retains warmed air within
the interior volume 106.
As shown in FIG. 4, the frame 100 is preferably installed on roof 400 without the use of rails
or other mounting structures. For instance, if roof 400 is a metal roof with a corrugated
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structure the frame 100 may be installed such that the lower flange 312 at the base of skirt 304
sits on the raised corrugations, thereby creating natural drainage channels below the frame
100. The inlet port 114 of the plenum 112 is in fluid communication with a source of warmed
air 402 via conduit 404. In the example that is shown in FIG. 4, the source of warmed air 402
is disposed within the interior of the building and conduit 404 passes through the roof to the

30

inlet port. The source of warmed air 402 may include an electrical heating element 406 to
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increase the temperature of the air. The electrical heating element may be powered by a
battery bank that is charged by the PV array 200. Alternatively, the source of warmed air 402
may include a gas burner or a circulating heat exchange medium. The source of warmed air
402 additionally includes a blower 408 for directing the warmed air through the conduit 404
5

and into the plenum 112, as indicated by the dashed line in FIG. 4. Alternatively, if the
source of warmed air 402 is disposed within a space-heated portion of the building then it
may include only the blower 408 for directing the warmed building air through the conduit
404 and into the plenum 112, without additional heating.
The plenum 112 distributes the flow of warmed air through the openings 110 in the sidewall
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104a of frame 100 to create a predetermined flow pattern of warmed air in the interior volume
106, as indicated by the dashed lines 410a-d in FIG. 4. The not illustrated photovoltaic array
200 acts as a cover to substantially retain the warmed air within the interior volume 106. The
warmed air that is trapped within the interior volume 106 increases the temperature of the
underside of the PV modules, and the heat transferred from the warmed air is conducted
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through the PV modules and melts the snow or ice accumulated on the upper sides thereof. In
addition, some of the warmed air passes out through the open bottom of the interior volume
106 and melts snow and ice surrounding the frame 100, thereby at least partially clearing
snow and ice buildup around the frame 100.
Flow balancing plugs 412 may be disposed within some of the openings 110 in the sidewall
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104a, as shown in FIG. 4, for controlling the flow pattern of warmed air in the interior volume
106. For instance, the balancing plugs 412 block the flow of warmed air through selected
ones of the openings 110. Depending on various factors, such as PV module slope, windblocking features on the roof, etc., it may be desirable to distribute more of the flow of
warmed air within portions of the interior volume 106 that are beneath areas of high snow and
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ice buildup and to block the flow of warmed air within portions of the interior volume 106
beneath areas of low snow and ice buildup.
Optionally, the 100 frame includes a not illustrated cover across the bottom of the interior
volume 106, which prevents the warmed air from escaping and melting the snow around the
frame 100. Such a configuration may be desirable to prevent excessive loss of the warmed air
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e.g., if the frame is mounted more than several centimeters above the roof surface. Of course,
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suitable drainage openings should be provided to allow water to drain out of the interior
volume 106
As will be apparent, snow and/or ice buildup on PV modules occurs under only certain
conditions, such as for instance during cold weather typically experienced during winter
5

months. Even during periods of cold weather, precipitation in the form of snow and/or
freezing rain etc. occurs only occasionally and therefore snow and/or ice buildup on the PV
modules does not occur continuously. Advantageously, the source of warmed air 402 may be
used on demand e.g., when conditions necessitate the removal of snow and/or ice buildup on
the PV modules. Various methods of manually or automatically controlling the source of

10

warmed air 402 may be envisaged. For instance, the source of warmed air 402 may be
activated by a user when visible snow and/or ice buildup is observed and then terminated by
the user when no visible snow and/or ice buildup remains on the PV modules. Alternatively,
the source of warmed air 402 may shut off automatically after a predetermined or user
selected run time. Further alternatively, sensors may be used to determine the presence of

15

snow and/or ice buildup on the PV modules and send a control signal to activate the source of
warmed air 402. Upon sensing that the snow and/or ice buildup has been cleared the sensors
send another control signal to deactivate the source of warmed air 402. Alternatively, the
source of warmed air 402 may shut off automatically after a predetermined run time.
Throughout the description and claims of this specification, the words “comprise”,

20

“including”, “having” and “contain” and variations of the words, for example “comprising”
and “comprises” etc., mean “including but not limited to”, and are not intended to, and do not
exclude other components.
It will be appreciated that variations to the foregoing embodiments of the disclosure can be
made while still falling within the scope of the disclosure. Each feature disclosed in this

25

specification, unless stated otherwise, may be replaced by alternative features serving the
same, equivalent or similar purpose. Thus, unless stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features.
All of the features disclosed in this specification may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually exclusive. In
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particular, the preferred features of the disclosure are applicable to all aspects of the
disclosure and may be used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

9
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CLAIMS
What is claimed is:
1. A frame for supporting at least one photovoltaic module, comprising:
a plurality of sidewalls arranged to support the at least one PV module at a spaced
5

distance from an installation surface, the sidewalls defining an interior volume having an open
top and an open bottom, wherein a first sidewall of the plurality of sidewalls has a plurality of
openings defined therethrough along a portion of a length thereof; and
a plenum disposed adjacent the first sidewall and extending along at least the portion
of the length of the first sidewall having the plurality of openings defined therethrough, the

10

plenum having an inlet port for receiving a flow of warmed air from a source of warmed air,
and the plenum configured to distribute the flow of warmed air through at least some of the
plurality of openings in the first sidewall and into the interior volume.
2. The frame of claim 1, comprising at least one PV module detachably secured to the frame

15

and covering the open top of the interior volume.
3. The frame of claim 2, wherein the sidewalls have a recessed upper support surface disposed
inwardly of a raised edge and extending around the frame, the at least one PV module being
supported on the upper support surface of the sidewalls when detachably secured to the frame,

20

and wherein the raised edge limits movement of the at least one PV module.
4. The frame of claim 1, comprising balancing plugs disposed within some openings of the
plurality of openings, wherein the balancing plugs are configured to block the flow of the
warmed air through said some openings.

25
5. The frame of claim 1, wherein at least some sidewalls of the frame are formed with an
outwardly extending flange section for receiving a mechanical fastener for securing the frame
to a roof of a building.

10
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6. The frame of claim 1, wherein the portion of the length of the first sidewall extends
between 90% and 95% of the length of the first sidewall.
7. The frame of claim 1, wherein an inter-opening spacing between some adjacent openings is
5

different than an inter-opening spacing between other adjacent openings for selectively
directing more warm air into some portions of the interior volume relative to other portions of
the interior volume.
8. The frame of claim 1, wherein each sidewall comprises a first rectangular tube that is

10

welded to a second rectangular tube and further comprises a skirt having a first edge that is
welded to the second rectangular tube, the skirt also having an outwardly extending flange
that is formed along a second edge opposite the first edge.
9. The frame of claim 8, wherein the first rectangular tube, the second rectangular tube and

15

the skirt are made from aluminum or an aluminum alloy.
10. The frame of claim 9, comprising a plurality of attachment points arranged one each at
corners of the frame between adjacent ones of the plurality of sidewalls, the attachment points
for connecting to lifting cables during installation of the frame on the roof of a building.

20
11. A kit for supporting at least one PV module on a roof of a building, comprising;
a frame comprising a plurality of sidewalls defining an interior volume that is covered
by the at least one PV module when in a supported condition, one of the sidewalls having a
plurality of openings defined therethrough, and the frame having a plenum defined adjacent to
25

an exterior surface of the first sidewall and covering the plurality of openings, the plenum
having an inlet port for receiving a flow of warmed air;
a heater element; and
a fan for directing into the plenum a flow of air that has been warmed by the heater
element.

30
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12. The kit of claim 11, comprising a conduit for providing fluid communication between the
heater element and an inlet port of the plenum.
13. The kit of claim 11, comprising a plurality of balancing plugs configured to be insertable
5

into the openings of the plurality of openings.
14. The kit of claim 11 comprising a notched washer and a bolt that is sized to extend through
the notched washer and into a portion of the frame that is below the at least one PV module
when in the supported condition, the notched washer having a notch therein for

10

simultaneously engaging a top surface and a side-edge surface of the PV module being
retained thereby.
15. The kit of claim 11, wherein each sidewall comprises a first rectangular tube that is
welded to a second rectangular tube and further comprises a skirt having a first edge that is

15

welded to the second rectangular tube, the skirt also having an outwardly extending flange
that is formed along a second edge opposite the first edge.
16. The kit of claim 15, wherein the first rectangular tube, the second rectangular tube and the
skirt are made from aluminum or an aluminum alloy.

20
17. The kit of claim 16, comprising a plurality of attachment points arranged one each at
corners of the frame between adjacent ones of the plurality of sidewalls, the attachment points
for connecting to lifting cables during installation of the frame on the roof of a building.
25

18. The kit of claim 11, wherein the sidewalls have a recessed upper support surface disposed
inwardly of a raised edge and extending around the frame, the at least one PV module being
supported on the upper support surface of the sidewalls when in the supported condition, and
wherein the raised edge limits movement of the at least one PV module.

30
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19. A method comprising:
providing at least one photovoltaic module supported by a frame comprising a
plurality of sidewalls, a first one of the sidewalls having a plurality of openings defined
therethrough, and a plenum is disposed adjacent to the first sidewall and extends around the
5

plurality of openings;
introducing a flow of warmed air into the plenum via an inlet port thereof such that the
plenum distributes the flow of warmed air through at least some of the plurality of openings
and into a space that is below the at least one PV module and is bounded by the plurality of
sidewalls; and

10

after heat transferred to the at least one PV module from the warmed air in the space
has caused accumulated snow or ice on the PV module to melt, stopping the flow of warmed
air into the plenum.
20. The method of claim 19, wherein the at least one PV module is supported by the frame

15

attached to a roof of a building, and wherein introducing the flow of warmed air comprises
providing the flow of warmed air via a conduit from a source of warmed air disposed inside
the building.
21. The method of claim 19, comprising inserting balancing plugs into some openings of the

20

plurality of openings for blocking the flow of the warmed air through said some openings.
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Statement under 84.1 (b) of the Patent Rules
This invention provides a cost effective green solution to greater output from solar panels.
The panels are mounted upon a frame that has a plenum circulating warm air under the
5

photovoltaic panels which melts the snow resting on the panels and blocking sunlight from
reaching the cells. Greater current output is obtained from the panels as a result over time.

14
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ABSTRACT OF THE DISCLOSURE
A top-down system earth retention system constructed with a top-down process that can
be used for permanent below-grade structures provides a “green” solution for managing
5

water rather than the typical raft-slab foundation which has a substantial environmental
footprint.

Vertical piles having a skeletal structure coupled thereto is finished with

reinforced concrete applied in a sequential manner. The concrete facing is placed
pneumatically using shotcrete. The system is well-suited to constructing below-grade
portions of buildings where excavation lay back is not practical or cost effective and can
10

incorporate permanent lateral support from tieback anchors. The below-grade structure is
constructed by excavating down part way, constructing a waterproof "lift" portion of the
ultimate structure, excavating down another part way, constructing another waterproof lift
portion in a manner to be tied in with the lift portion immediately above, and repeating
these steps until the below-grade structure is constructed to the desired depth. After the

15

completion of the wall seeping behind the wall at ground level, if any, is measured and a
determination is made as to whether the step of curtain grouting is required. If not, then
any water that may be present can be directed for local gray water use.

Doc. No. 328-6 CA
SYSTEM AND METHOD FOR EXCAVATING AND CONSTRUCTING A
SHORING SUPPORT WALL AND WATER MANAGEMENT SYSTEM
FIELD
5
This invention relates generally to the top-down excavation and construction of a
waterproof shotcrete wall for use as a shoring wall and as a permanent water management
system for lessening the carbon footprint on construction sites.
10

BACKGROUND
In the construction of in-ground foundation walls for large buildings, it is typical to dig
out and excavate the earth to the desired depth of the foundation while building shoring
infrastructure suitable to the proposed final installation and then build up the foundation

15

walls from the bottom up. The use of temporary shoring structures are necessary to
prevent cave-ins of the earth adjacent to the excavation and add to the cost and time
required to construct the final installation. Most temporary shoring walls are constructed
as the site is excavated to facilitate the proposed works. Construction industry methods
typically incorporate a two-step process utilizing temporary lagged soldier beams

20

cantilevered, rakered, or tie back supported, ready-mix poured in place concrete caissons,
sheet piling, soil nailing, plate girders, or incrementally placed reinforced structural
shotcrete to restrain the soil during excavation until a permanent structure can be built. A
major problem with these temporary structures is that water leaks through walls’ ties and
joints. Water may come from the excavation reaching the water table, or it may come

25

from cutting into smaller glacial deposits upon excavation. The flow of water may be
negligible or it may be unexpectedly large. Accurately estimating the exact amount of
water that may seep into a construction excavation site is challenging. Hydrogeologist’s
reports are often overstated, indicating more water than is actually present, and rarely
accurately represents the final flow of groundwater that will result from a particular

30

excavation. Engineers often ‘assume’ high recharge to avoid responsibility and potential
insurance claims. In response to this concern, water management installations commonly

1
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known as “bath-tubs” are installed to manage the hydrogeological challenges associated
with the site outside of and not inclusive of the shoring wall installations. Constructing a
large concrete raft-slab bathtub to accommodate expected water based on a hydrogeologist
report may cost several millions of dollars or more, depending on the size of the site. If the
5

hydrogeologist’s report is inaccurate and overly conservative, this extra expense of
overbuilding a raft-slab to accommodate a large flow of water from excavation may be
unnecessary. The added financial burden and heavy environmental toll for this type of
construction may not even be required, but only after the fact is this realized when the
flow of groundwater is less than the amount predicted.

10
What is required, is a less expensive, more environmentally friendly solution to shoring
walls and managing an unknown or imprecise expected quantity of ground water in an
environmentally sensitive manner.
15

A preferred and more green solution would be to hold back and prevent groundwater from
entering the excavated site. Not only would it save on the cost of building a costly
concrete tub-like structure to accommodate the ingress of water from the excavation, it
would save on pumping large quantities of greywater and groundwater into the municipal
sewer system, which in itself has a large financial and environmental cost. Providing a

20

wall that can hold back water or allow a small controlled flow to the excavated area that
could be used locally would be a tremendous advantage. Of course, at the same time, it is
preferred not to overbuild the shoring wall and it must be suitable for holding back an
unexpected large flow of water in the instance that this occurs.

25

Therefore, most excavation shoring systems have not suitably addressed this problem. In
fact, many of these systems exemplify the problems described hereinabove.
United States Patent 8,635,833 in the name of Anderson entitled “Top-down method for
constructing below-grade structures” describes a system having a waterproof membrane

30

between a concrete mudsill wall and a final concrete wall. Although the ‘833 patent
provides a substantially waterproof barrier between two walls so that the inner wall

2
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furthest from the ground being excavated provides a dry support wall, a trough at the base
of the wall closest to the excavated wall collects and carries water to a water collection
system or piping to carry the water away. Constructing a first mudsill wall followed by a
waterproof membrane with a final outer wall of concrete is costly and does not address
5

alternative solutions for managing the flow of water from behind the wall in a temporary
construction phase and a permanent final phase. Furthermore, this is not a particularly
environmentally sensitive solution.
When water from the water table flows out from beneath a support wall, as in Anderson’s

10

disclosure in the ‘833 patent, and if the flow is considerable, a dewatering plan should be
implemented which provides a protocol for handling the outflow. Dewatering can affect
the soil from which the water is draining, thereby affecting lands adjacent to the
excavation site. The instant invention described hereafter provides a method of managing
water and lessening heavy flows that would otherwise be present. Lessening heavy flows,

15

has multiple advantages. Large amounts of water do not have to be pumped off and
treated; and, ground adjacent to the site does not have its water table altered significantly
which can have profound deleterious effects. Thus both of these deleterious environmental
consequences can be lessened or avoided.

20

Due to the errors, and over estimating of presence of ground water by hydrogeologists, it
would be advantageous to build a shoring wall which serves as a groundwater
management system, obviating the need for an expensive concrete bathtub to be built
which has little or no use after the water collected is pumped out and which has very high
environmental and material costs. Furthermore providing a raft-slab bathtub to collect

25

water as has been done in the past, requires excavating large amounts of fill which is again
deleterious to the environment. This is not required using our invention.

30
Accordingly, it can be seen that a need exists for an improved method for constructing a
temporary drained shoring and final waterproofing support wall system.
3
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SUMMARY
Advantageously a single permanent waterproof shotcrete shoring wall is provided
constructed in-situ using a top downward construction; the initial waterproof wall allows
5

for a curtain grout application about the base, to seal off water after an assessment of flow,
if the rate of flow exceeds a predetermined amount. Another feature of this system is that
in instances where the water flow from behind the wall is negligible or acceptable, that is,
less than the predetermined amount, no curtain grouting is applied; and this negligible
flow can be used in local applications, for gardens and other local green use. Thus, this

10

negligible or acceptable amount of water flow, can be directed to green applications where
the ground/storm water is utilized rather than entering the municipal sewage system.
Constructing a substantially waterproof wall down to a depth where ‘true’ flow is
measured, and having the option of applying curtain grouting at the base to seal off the
flow, is an environmentally “green” solution compared to constructing double walls with a

15

waterproof membrane therebetween, or installing a large and thick concrete slab bathtub
to resist water pressure between footings and slabs and later pumping the water to a
municipal drain. Building a single permanent waterproof shoring and support wall in
accordance with this invention allows for a choice, dependent upon a flow of water
coming from behind a wall. There are numerous ways in which the flow can be measured.

20

For example, a catch basin can be placed at the bottom of the wall in a particular region,
for example spanning a bay. In this instance the amount of water collected over a period
of time can be measured and if the amount collected exceeds an acceptable amount,
chemical curtain grouting can be used. Of course there are a myriad of other ways in
which flow can be determined. If sealing is not required, dependent on water flow,

25

sealing is not provided and substantial costs and materials are saved compared to
conventional methods of building a concrete bathtub to capture and hold back water. This
solution of building a drained temporary shoring wall for contingency, so that the wall can
be waterproof, allows for the containment of flow that may result when chemical curtain
grouting is applied. Notwithstanding, the construction of a wall that is waterproof and

30

which is designed to hold back significant amounts of water is not trivial, and a novel and
inventive method of construction and structure is described hereafter.

4
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Chemical curtain grouting is most commonly used in industrial and civil work where
excavation costs are extremely high, such as subways, tunnels, bridges, manholes,
seawalls, and vaults, etc.
5

However, chemical curtain grouting is also used in the

restoration of older foundations ground improvement. Examples of chemical grouting can
be found in United States patents 5,026,215, 8,272,811 and 10,106,943.
It may seem counterintuitive to build a wall that can withhold substantial amounts of
water when the actual amount of water that may present upon excavation is unknown and

10

may be a lesser amount than predicted by hydrogeology reports. However, by doing so,
this method allows for an even larger amount of water specified in a hydrogeology report
to be prevented from flowing and pooling when curtain grouting is applied. The curtain
grouting can be applied in such a manner as to essentially stop the flow of water or to
limit the flow in a controlled manner. The grouting is applied by injecting a polymer

15

concrete mix into rows of holes at high pressure into locations in the ground.
Thus, a shoring wall is built in a multi-stage process as described hereafter wherein, in a
first stage, the wall is constructed in a top down excavation and is waterproof and in a
second stage a measuring device measures the outflow of water from the base of the wall

20

built in the first stage. In a particular embodiment a determination is made in dependence
upon the measured flow and if the flow exceeds a predetermined amount, a third stage is
enacted, where curtain grouting is applied. Although in some instances, the waterproof
wall built in the first stage, may be considered by some as overbuilt, if there is little or no
water present, we have found that this is a much less costly method

25

and is an

environmentally more sound choice than typical shoring wall solutions that in a temporary
functionality holds back water pressure that require a raft-slab bathtub to accommodate
large water flows, and subsequently pumping the water into a municipal sanitary drain
which in some municipalities such as the greater Toronto area is metered and charged for.

5
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Conveniently, whether curtain grouting is applied, or not, the water, termed hereafter,
ground/storm water is made usable on the site and can be used locally rather than to be
added to the sanitary sewer system further saving costs.
5

The proposed installation combines a unique and waterproof liquid cementitious
application, in the form of waterproof “shotcrete” with the site shoring and
hydrogeological requirements into a single installation. This significantly reduces the cost,
schedule and overall carbon footprint associated with the site. Furthermore, there is less
excavated material that needs taken off-site.

10
Generally described, the present disclosure relates to a novel method of constructing a
high strength low shrinkage (ZCWS) shoring foundation wall system and monitoring and
managing groundwater flowing from behind the wall system.
15

The method generally comprises drilling a series of holes in the ground and installing a
series of spaced-apart vertical structural steel beams in the holes; filling a space around
the vertical structural beams with concrete having a strength sufficient to prevent twisting
and movement of the structural steel beams installed in the holes, that would jeopardize
the integrity of the shoring foundation wall, resulting in cracking; beginning at a first level

20

of the structural steel beams and working downwardly, making the foundation wall in
multiple horizontal sections, one horizontal section at a time from top to bottom, each
horizontal section made by:
(i) excavating soil between 3 and 6 feet creating a soil wall and providing a
limited excavated space for constructing a portion of a concrete wall;

25

(ii) providing an excavation support system placing widths of drain board adjacent
to the soil wall within the excavated space and constructing a wall using rebar
coupled to the structural steel beams and applying a waterproof ZCWS
spanning and coating the structural steel beams, the rebar and the drain board
with waterproof shotcrete; and,

30

(iii) monitoring an amount of water collected about the base of the ZCWS
waterproof shotcrete wall in a containment region by using a measuring

6
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instrument to determine flow and if the flow is greater than a predetermined
amount or the water collected from the base of the wall residing in the
containment region exceeds a predetermined amount, applying curtain grouting
to a region about the base of the wall so as to stop water from draining from
5

behind the wall through to the containment region.
In order to ensure that the finished wall is waterproof and has substantially no
cracks an inventive method of tying together regions of applied ZCWS to form
a single uniform wall is used which will be described hereafter. This relies on
feathering joints on all 4 sides of a finished region.

10
We believe that step (ii) of constructing the excavation support system is just one or
several novel and inventive aspects of this invention and will be described in detail
hereafter. Preferably the present invention comprises an earth retention method and
system constructed with a top-down process that can be used prior to constructing
15

permanent below-grade structures.
In accordance with an aspect of this invention, there is provided, a method of building a
support wall and managing water comprising:

20

a) drilling a series of holes in the ground and installing a series of spaced-apart
vertical structural steel beams in the holes;
b) filling a space around the vertical structural beams with concrete having a
compressive strength of at least 5 mPA to secure the steel beams within the holes

25

and to lessen twisting and movement of the structural steel beams installed in the
holes;
c) beginning at a first level of the structural steel beams and working downwardly,
making the foundation wall in multiple horizontal sections, one horizontal section

30

at a time from top to bottom, each horizontal section made by:
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(i)

excavating soil between 3 and 10 feet creating a soil wall and
providing a limited excavated space for constructing a portion of a
concrete wall;

(ii)
5

providing an excavation support system by placing drain board
adjacent to the soil wall within the excavated space;
installing a meshwork of rebar wherein the rebar is coupled to the
steel beams.

(iii)

installing anchors having anchor heads coupled to the structural
steel beams to secure the steel beams to the soil wall;

10

(iv)

coating exposed structural steel beams, drain board, rebar, and
anchor heads with a first layer of shotcrete forming side-by-side
regions, neighbouring sides of two adjacent regions having a
complementary feathered edges, together forming a feather joint
therebetween wherein one feathered edge overlaps the other such

15

that one of the feathered edges is an under-feather and the other is
an overlapping over-feather; and, wherein the under feather is
formed before an over-feather, and wherein the under feather is first
troweled and a water proofing compound is applied to the under
feather, before the over-feather is formed,

20
wherein adjacent regions of neighbouring horizontal sections are joined with feather joints
such that lower edges of regions of an upper horizontal section are under-feathered and
upper edges of regions of a lower neighbouring horizontal section have complementary
over-feathered edges;
25

applying a second layer of shotcrete over the first layer, and
curtain grouting a region about a bottom of the wall to lessen a flow of water from behind
the wall.
This invention provides a method and system for building a wall capable of withstanding

30

forces and pressure as a function of excavating and disturbing the water table or glacial
deposits.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic flow chart of a method of constructing below-grade structures
5

according to a first example embodiment of the present invention, showing steps for
carrying out the method.
FIGS. 2A-2E are schematic illustrations of a step portion of the method of FIG. 1,
showing the installation of vertical structural steel beams/soldier piles in the earth.

10
FIGS. 3A-3B are schematic illustrations of a step portion of the method of FIG. 1,
showing the excavation of earth for an initial lift.
FIG. 4 shows and ZCWS-1 under-feather edge after troweling.
15
FIG. 5 is a cross section showing a feather joint created by applying high strength
waterproof shotcrete over a first region and wherein the feathered region is covered by a
second application of shotcrete over an adjacent region which spans and covers the feather
joint of the first region.
20
FIG. 6 is a drawing showing the tabs welded to the structural steel beams.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
25

FIG. 1 shows a schematic, high-level flow chart depicting a method 10 of constructing
below-grade structures according to a first example embodiment of the present invention,
showing steps for carrying out the method. As shown therein, the first step 100 in the
process is to survey the site to lay out the position of the foundation walls and steel
pilings. The next step 200 is the installation of the steel pilings. Holes are drilled and the

30

steel piles are each placed within a hole. Support piles ranging in size from W12 to W24
may be used and are placed in holes having a diameter of 0.75m to 1.2m respectively. The

9
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space between the pile and the hole wall is then backfilled with concrete having a
compressive strength of at least 2 megapascals (mPA) and preferably 6 mPA to 10 mPA.
Reinforcing the piles in this manner obviates or lessens any twisting of the piles that
would likely otherwise occur. Eliminating twisting is critical so that the final wall is
5

crackless and waterproof and can stand up to forces over time.
This is followed by step 300, the excavation of a first "lift"; a vertical excavation of some
4-8 feet, typically 5-6 feet extending laterally as far as needed. Due to the sheer size of
these walls on large projects, and the amount of shotcrete that can be applied in a single

10

day, each lift or level is comprised of multiple side-by-side regions that are constructed
and knitted together in a particular fashion over days of applying shotcrete. In step 400 a
first level of the crackless waterproof wall is constructed. The term “crackles” used
hereafter is to mean a wall with zero or no cracks visible to the human eye or cracks that
water leaks from referred to in this document as zero crack waterproof shotcrete (ZCWS),.

15

Drain board is positioned in place between the steel pilings and tabs 62a and angled tab
62b shown in FIG. 6 are welded to the steel pilings 64; rebar is wire tied to the welded
tabs. The welding of the tabs is done as the piles at each lift are exposed through
excavation. Holes are drilled into the soil and ties or rods having anchor heads are
installed into special tabs welded to the steel pilings to secure the steel pilings, rebar and

20

drain board to the ground behind.
Referring once again to step 200, the vertical structural elements in the form of steel piles
are installed. These piles can consist of steel piles in the form of H-piles, wide flange
sections or pipes or concrete piles.

25
As shown in the example depicted in FIGS. 2A-2E, the piles 101-105 are installed at
regular intervals around the perimeter of the planned excavation prior to commencement
of the excavation. The face of pile is set back from the planned face of wall location by
the design thickness of the concrete facing and waterproofing. The steel piles are installed
30

to a depth below the planned bottom of excavation as determined by the structural design
of the excavation support system.

10
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Once the H-pile locations have been laid out by a registered land surveyor, the pilot hole
is drilled to the design bottom of pile elevation (see FIGS. 2A-2B). The H-pile section is
then lowered into the pilot hole plumb (vertical) and back filled with concrete having a
5

compressive strength of preferably 6-10 mPA. See FIGS. 2C-2D. This step is repeated
until all of the H-pile sections are installed (FIG. 2E).
Referring now to Step 300 after installation of the H piles, the general excavation
commences. The excavation is typically made in 5-foot deep lifts, but this may vary

10

depending on the soil type and construction requirements. See FIGS. 3A-3B. The depth of
the lift 110 is indicated generally as L. The general idea behind using 5-foot lifts is to
make an excavation that allows for easy work by the construction workers without
requiring ladders, scaffolding, etc, and which generally avoids the need to temporarily
shore up the earth face where the workers are working. In this regard, note that if the

15

excavation were thirty feet deep, substantial shoring would be required in order to protect
the workers from the substantial hazard of such a high unsupported earth face. Moreover,
to work at the top of a thirty-foot excavation would require very long ladders and/or high
scaffolding. The present invention avoids these problems by breaking the excavation
down into sections scaled to the general working range of a human worker and scaled to

20

minimize or avoid the need for temporary shoring. In this regard, the five foot depth of the
excavation lift is not inflexible. Indeed, excavation lifts from a few feet to perhaps as
much as eight feet work well. The more preferred range is between about four and six
feet, with the most preferred excavation lift depth being about five feet.

25

The earth is excavated flush with the interior face of the steel piles to create a first lift 110
(see FIG. 3B). The earth surface should be vertical and smooth to receive the drainage
board. Loose soils may be present at the top of the excavation and the initial lift may
require some additional preparation to obtain a vertical smooth surface.
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Once the concrete back-fill surrounding the H-piles has had ample time to set (at least 12
hours), the first excavation lift is made. This lift 110 is typically in the range of about 4 to
6 feet, as previously described.
5

Once excavated, the soils can be removed some 2-4 inches behind the face of the pile to
create a "cavity" within each bay (between two H-piles) to accept drainage board.
This first excavation, or horizontal section referred to hereafter as the first lift, is often
comprised of a plurality of horizontal regions when the length of the first lift or horizontal

10

section is for example greater than 150 feet. In some instances each horizontal region may
be less than 150 feet. This sometimes depends on how much shotcrete can be applied in
one application.
In this instance, each horizontal lift or section is made of sub-sections or rectangular

15

regions which are knitted together in a novel manner through feathered joints of applied
ZCWS shotcrete. Furthermore, each horizontal section is knitted in a similar manner to an
adjacent horizontal section below, through feathered joints of applied ZCWS. Each
rectangular region is formed by constructing a wall portion of

drainboard, a steel

meshwork of rebar connected to the structural steel beams overlaying the drainboard, ties
20

or anchor spigots coupled to the stable vertical structural steel beams drilled into soil
behind the drainboard; and waterproof shotcrete layers coating the aforementioned wall
components; the regions in each horizontal section form a patchwork of interconnected
regions, interconnected by an overlapping meshwork of rebar and feathered joints so that
the horizontally and vertically-adjacent sections are tied together in a similar manner to

25

provide excellent structural integrity, as well as effective water-proofing.
Preferably a first layer of ZCWS, referred hereafter as ZCWS-1 is comprised of 300 to
400 kg of Portland cement per m3. The mix may contain Fly Ash with a preferred range of
between 30 kg and 112.5 kg. Alternatively, the mix may contain slag with a preferred

30

range of between 60 kg and 225 kg. The most preferable embodiment of the mix will
contain between 6kg and a maximum of 40.5 kg two-part powder containing micro-silica

12

Doc. No. 328-6 CA
powder. The preferred embodiment of the admixture shall also contain between 5 kg to a
maximum of 36 kg of light-burn calcine magnesia powder. The micro-silica in the
preferred admix includes a particle specific surface area (SSA) between 20m2/gr and
200m2/gr with an average particle size of between 15nm and 40nm in order to meet the
5

preferred admix.
The second applied layer of ZCWS (ZCWS-2) which covers the first layer of shotcrete is
preferably comprised of 300 kg to 400 kg of Portland cement per m3 and may contain
between 30 kg and 112.5 kg of fly ash. Alternatively, the mix may contain between 60 kg

10

and 225 kg of slag. The preferred mix will contain between 1 kg and up to 6 kg two-part
powder containing micro-silica powder. It is also preferable the admixture shall also
contain between 5 kg to a maximum of 36 kg of light-burn calcine magnesia powder. The
micro-silica should have a preferred particle specific surface area (SSA) between 20m2/gr
and 200m2/gr. The particle sizes preferably have an average between 15nm and 40nm.

15

The mix shall contain between 3 kg to a maximum of 30 kg of micro-silica with an
average specific surface area (SSA) of 20m2/gr. Our preferred embodiment of the mix
shall contain from 0.09 kg to 0.45 kg of natural rheology modifier and mix stabilizer
(Acti-Gel). The mix preferably contains a preferred range from 6 kg to 12.5 kg of liquid
crystalline admixture (VelositTM CA 115) which will contain a choice of melamine,

20

naphthalene and/or polycarboxylate as water reducers. This ZCWS-2 layer is reinforced
with microfibres, preferably 3 kg to 4.5 kg per cubic meter of concrete.
The steel piles, drainboard, rebar and ties together form an integrated overall skeletal
structure which is coated with a sprayed first layer of ZCWS liquid concrete, preferably

25

so-called "shotcrete” ZCWS-1, sprayed from a hose over this foundation grid work to
create a sprayed-in-situ concrete wall section, the outside face of which is then smoothed
if desired. A second layer ZCWS-2 is applied over the outside face when the first layer
cures. Due to the sheer size of a horizontal lift when building large structures, this
application of each layer of shotcrete is done in sections or regions across a lift; a region

30

may span 150 feet or more depending on the rate at which shotcrete can be applied. Thus,
when an entire lift is completed it is comprised of a plurality of side-by-side rectangular
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regions having a substantially same height but which may vary in width. One problem
which may lead to leaking and breakdown of such a wall is a lack of integrity at joints or
seams where two adjacent wall regions meet. Knitting two sections together presents
particular challenges. Notwithstanding, we have discovered a method, wherein the
5

integrity of the wall is not compromised and wherein very large walls can be constructed
which can retain water and not crack.
Turning now to the chart below 4 lifts are depicted wherein regions, shown as cells for the
purpose of explanation, each of approximately 150 feet wide and approximately 5 feet in

10

height are shown. Cell (1,1) represents the first region of the first lift that is constructed
and sprayed with a first layer of high strength low shrinkage (ZCWS) shotcrete. Cell (1,2)
represents the second region of the first lift that is constructed and sprayed with the first
layer of ZCWS, followed by regions, (1,3) and (1,4). After the first lift regions (1,1) to
(1,4) are completed, region (2,1) of lift 2 is constructed and sprayed with a first layer of

15

ZCWS, after which regions (2,2), (2,3), and (2,4) are constructed and similarly sprayed.
Then lift 3 is constructed followed by lift 4 in a similar manner.

20

Essentially this is a patchwork of wall regions constructed into a single contiguous
crackless waterproof wall where all vertical and horizontal edges of regions are joined to
adjacent edges of regions with waterproof crackless joints. A key aspect of the
construction is the manner in which these regions (1,1) to (4,4) are knitted together both
horizontally and vertically.

25
Since each region has 4 sides; any sides of a region which meet a side of an adjacent
region is feathered. The taper of a feather is preferably less than 35 degrees and preferably
14
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more than 19 degrees. Providing a gradual slope is desired to achieve strength and an
adequate bond between an under-feathered edge and an over-feathered edge. Referring
now to FIG. 4 a feathered edge is shown wherein the average thickness of the applied first
layer of ZCWS 40a is shown to be 5 inches thick tapering to a thickness of about 1 inch.
5

The feathered edge is smooth after a wood float has been passed over the feathered area.
After washing dirt off, troweling and smoothing the area, a spray-lock compound for
example, a post nano-colloidal silica spray such as SCP-327 for which data can be found
at

10

https://spraylockcp.com/wp-content/uploads/2014/08/SCP-327-tech-Data.pdf,

is

applied to the smooth feathered area. After this step is complete, and 24 hours have passed
since the application of the first layer of ZCWS, spraying of shotcrete begins on the
second region 40b and the first feather joint 42a is covered with an over-over feather or
complementary feather 42b essentially removing any visual indication that there is a
feather joint in the wall. This is shown in FIG. 5 where a complete feather joint is shown.

15
Preferably feather joints are formed in the same manner, however the order in which
feather joints are formed is important. For example, the description above delineates how
the first region 40a and second region 40b are formed serially, where the feather 42a of
region 40a is completed before the spraying of shotcrete of the second region 40b begins.
20

This defines feather joint 42a as being an under-feather and feather joint 42b as being an
over-feather covering feather joint 42a.
After the first lift is complete in step 500 excavation takes place and in step 600 execution
of the next lift is executed in a similar manner to the first lift.

25
Referring once again to the chart above, region (1,1) is the first region having shotcrete
applied to it. This region has at least two edges which are under-feathered; the edge facing
not yet formed region (2,1) and the edge facing region (1,2). The purpose of providing
these under-feather surfaces is to accept an over-feather from (2,1) and (1,2) so that these
30

can be knitted together to be crackless and waterproof as described above. Region (1,2) is
applied after (1,1) is cured and has an over feather covering the under-feather of (1,1).
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This is explained above with reference to under-feather 72a and over-feather 72b. This
provides a fully waterproof joint between (1,1) and (1,2). Two other edges of (1,2) which
are adjacent to other regions are under-feathered. Thus region (1,2) will have one overover feather conjoining (1,1) and an under-feather conjoining (1,3) and an under-feather
5

conjoining (2,2). (1,3) and (2,2) will have complementary over-feathers to join with (1,2).
Moving downward to lift 2, region (2,1) is constructed. One edge overlaps the underfeather of (1,1) with an over-feather and the other two edges are under-feathered to
receive an over-feather from another region. Region (2,2), has two over feathered edges
and 2 under feathered edge 2. The over feathered edges cover under feathered edges on

10

(1,2) and (2,1). This method of patterning provides a substantially crackles and waterproof
wall. As lifts are completed a second layer of ZCWS-2 is applied over the first layer so
that the entire wall has two layers of shotcrete coating.
In shotcrete construction, surface preparation between layers to provide full bond is

15

important. Similar preparation should be considered when an under-feathered joint is
being coated with an over-feather of shotcrete. ACI 506.2-13, “Specification for
Shotcrete,” specifically addresses this in the requirements of Sections 3.4.2.1 and 3.4.2.2
that: “3.4.2.1 When applying more than one layer of shotcrete, use a cutting rod, brush
with a stiff bristle, or other suitable equipment to remove all loose material, overspray,

20

laitance, or other material that may compromise the bond of the subsequent layer of
shotcrete. Conduct removal immediately after shotcrete reaches initial set. “3.4.2.2 Allow
shotcrete to stiffen sufficiently before applying subsequent layers. If shotcrete has
hardened, clean the surface of all loose material, laitance, overspray, or other material that
may compromise the bond of subsequent layers. Bring the surface to a saturated surface-

25

dry (SSD) condition at the time of application of the next layer of shotcrete.” The
shotcrete specification is actually more stringent than ACI 318-11, Section 6.4, on
construction joints, because it requires removal of all potential bond-breaking materials
immediately after initial set, as well as the cleaning and SSD conditions provided for in
3.4.2.2.

30
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When the second layer of ZCWS-2 is applied over the first layer, care should be taken to
ensure that feather joints of the second layer do not line up and directly cover feather
joints from the first layer. Preferably, first and second layer feather joints should be
staggered. It is also suggested that the second layer of ZCWS-2 contains non-steel micro5

fibers thereby lessening any chance of cracking.
It should be noted, that regions that have an adjacent upper lift and a lower lift a region on
each side thereof are feathered to be seamlessly joined to each of the 4 neighboring wall
regions. For example, region (2,2) is adjacent regions (1,2) (2,1) (2,3) and (3,2). (2,2) will

10

have an over feather joining (1,2) and (2,1) and will have an under-feather covered by an
over-feather of (3,2) and (2,3). An edge that meets a cured under-feather will be an overfeather.
After the second layer of ZCWS-2 is applied it is cleaned and a waterproofing compound

15

is applied to it.
Referring back to the flowchart of FIG. 1 after step 600 and 700 are complete, any flow of
water from the bottom of the wall is monitored in step 800. Monitoring can be done in
various ways. A visual inspection may indicate that the flow is considerable and that

20

action must be taken to stop the flow, or a flow meter can be used to determine if the flow
exceeds an acceptable or predetermined amount. A flow of water in any particular bay
may be passed through a flow meter as it is collected, or it can be collected in a basin and
measured over a duration of time to determine the flow rate per bay. For example, if the
flow exceeds 1 litre per minute per excavation bay, action by way of applying grout to the

25

soil behind the wall may be taken to stop the flow. In this instance, curtain grouting the
bottom section of the wall is used to prevent water from flowing. This curtain grouting
seals the soil behind the shotcrete wall and the flow of water is abated. In some instances
it may be necessary to install a floor slab to carry water pressure that may be present.

30

It is to be understood that this invention is not limited to the specific devices, methods,
conditions, or parameters of the example embodiments described and/or shown herein,
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and that the terminology used herein is for the purpose of describing particular
embodiments by way of example only. Thus, the terminology is intended to be broadly
construed and is not intended to be unnecessarily limiting of the claimed invention. For
example, as used in the specification including the appended claims, the singular forms
5

"a," "an," and "the" include the plural, the term "or" means "and/or," and reference to a
particular numerical value includes at least that particular value, unless the context clearly
dictates otherwise. In addition, any methods described herein are not intended to be
limited to the sequence of steps described but can be carried out in other sequences, unless
expressly stated otherwise herein.

10
While the claimed invention has been shown and described in example forms, it will be
apparent to those skilled in the art that many modifications, additions, and deletions can
be made therein without departing from the spirit and scope of the invention as defined by
the following claims. For example, while the drawings and description show and describe
15

the exemplar use of H-piles, other shapes of piles can be employed, as known in the art.
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CLAIMS
What is claimed is:
5

1. A method of building a support wall and managing water comprising:
d) drilling a series of holes in the ground and installing a series of spaced-apart
vertical structural steel beams in the holes;

10

e) filling a space around the vertical structural beams with concrete having a
compressive strength of at least 2 mPA to secure the steel beams within the holes
and to lessen twisting and movement of the structural steel beams installed in the
holes;

15

f) beginning at a first level of the structural steel beams and working downwardly,
making the foundation wall in multiple horizontal sections, one horizontal section
at a time from top to bottom, each horizontal section made by:
(v)

20

excavating soil between 3 and 10 feet creating a soil wall and
providing a limited excavated space for constructing a portion of a
concrete wall;

(vi)

providing an excavation support system by placing drain board
adjacent to the soil wall within the excavated space;

(vii)
25

welding tabs to the structural steel beams;

(viii) installing a meshwork of rebar wherein the rebar is coupled to the
welded tabs.
(ix)

installing anchors having anchor heads coupled to the structural
steel beams to secure the steel beams to the soil wall;

(x)
30

coating exposed structural steel beams, drain board, welding tabs,
rebar, and anchor heads with a first layer of shotcrete forming sideby-side regions, neighbouring sides of two adjacent regions having
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a complementary feathered edges, together forming a feather joint
therebetween wherein one feathered edge overlaps the other such
that one of the feathered edges is an under-feather and the other is
an overlapping over-feather; and, wherein the under feather is
5

formed before an over-feather, and wherein the under feather is first
troweled and a water proofing compound is applied to the under
feather, before the over-feather is formed,
wherein adjacent regions of neighbouring horizontal sections are joined with feather joints

10

such that lower edges of regions of an upper horizontal section are under-feathered and
upper edges of regions of a lower neighbouring horizontal section have complementary
over-feathered edges.
2. A method as defined in claim 1 comprising, coating a second layer of shotcrete over

15

the first layer of shotcrete and forming feather joints where adjacent regions of the second
layer of shotcrete meet.
3. A method as defined in claim 2 wherein the feather joints formed in the second layer
are in different locations than feather joints formed in the first layer.

20
4. A method as defined in claim 2 or 3 wherein the shotcrete composition in the first layer
is different than the shotcrete composition of the second layer.
5. A method as defined in claim 4 wherein the second layer of shotcrete has microfibers
25

therein.
6. A method as defined in any one of claims 1 to 5, wherein the first layer of shotcrete first
includes a shrink compensating admixture including nanometric colloidal silica.

30

7. A method as defined in claim 6 wherein the average thickness of the first layer is at
least 4 inches.
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8. A method as defined in claim 7, wherein the feather angle is between 19 and 40
degrees.
5

9. A method as defined in claim 3, 4, or 5 wherein the first and second layers of shotcrete
together have a compressive strength of at least 20 MPA.
10. A method as defined in any one of claims 1 to 9 comprising applying a nano-colloidal
silica spray to at least one of the layers of shotcrete.

10
11. A method as defined in any of claims 3 to 10 comprising float finishing the second
layer of shotcrete, maintaining the surface heat above 5 degrees for at least 8 hours.
12. A method as defined in any of claims 1 to 11 comprising:
15

monitoring a flow of water at a base of the support wall; and,
if the flow of water is more than an acceptable amount, curtain grouting a region about the
base to lessen or stop the flow of water.
13. A method as defined in claim 12 wherein the acceptable amount is a predetermined

20

amount.
14. A method as defined in claim 12, wherein the predetermined amount is 2 liters per
minute per bay, wherein a bay is approximately a width of a width of drain board.

25

15. A method as defined in any of claims 1 to 11 wherein curtain grouting is applied to a
region about the base of the wall so as to lessen the flow of water.
16. A method of building a support wall and managing water comprising:

30

g) drilling a series of holes in the ground and installing a series of spaced-apart
vertical structural steel beams in the holes;
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h) filling a space around the vertical structural beams with at least 5 concrete to
secure the steel beams within the holes and to lessen twisting and movement of the
structural steel beams installed in the holes;
5
i) beginning at a first level of the structural steel beams and working downwardly,
making the foundation wall in multiple horizontal sections, one horizontal section
at a time from top to bottom, each horizontal section made by:
10

(xi)

excavating soil between 3 and 10 feet creating a soil wall and
providing a limited excavated space for constructing a portion of a
concrete wall;

(xii)

providing an excavation support system by placing drain board
adjacent to the soil wall within the excavated space;

15

installing a meshwork of rebar wherein the rebar is coupled to the
steel beams.
(xiii) installing anchors having anchor heads coupled to the structural
steel beams to secure the steel beams to the soil wall;
(xiv)

20

coating exposed structural steel beams, drain board, rebar, and
anchor heads with a first layer of shotcrete forming side-by-side
regions, neighbouring sides of two adjacent regions having a
complementary feathered edges, together forming a feather joint
therebetween wherein one feathered edge overlaps the other such
that one of the feathered edges is an under-feather and the other is

25

an overlapping over-feather; and, wherein the under feather is
formed before an over-feather, and wherein the under feather is first
troweled and a water proofing compound is applied to the under
feather, before the over-feather is formed,

30

wherein adjacent regions of neighbouring horizontal sections are joined with feather joints
such that lower edges of regions of an upper horizontal section are under-feathered and

22

Doc. No. 328-6 CA
upper edges of regions of a lower neighbouring horizontal section have complementary
over-feathered edges;
applying a second layer of shotcrete over the first layer, and
curtain grouting a region about a bottom of the wall to lessen a flow of water from behind
5

the wall.
17. A method as defined in any of claims 1 to 16 wherein at least one region has one or
more sides which have an under-feather and one or more sides which have an over
feather.

10
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Abstract

A method and apparatus for repairing a damaged host pipe, such as a corrugated steel pipe or other
conduit. A plurality of interlocking plastic planks are positioned within the invert of the host pipe
forming a liner. Rebar is first installed and attached to the host pipe for supporting the planks. A
cementitious grout non-shrink grout for concrete such as VELOSIT® NG 511 is installed in the
spaces between the liner formed by the interlocking planks and the host pipe so that the rebar is
encapsulated with the concrete and so that the planks are immovably secured.

1
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METHOD AND APPARATUS FOR REPAIRING CULVERTS AND PIPES

Field
This invention relates generally to the repair and rehabilitation of pipes such as corrugated steel
culverts and more particularly to a method of applying an interconnecting planks to line the inside
of a host pipe.
Background
For more than a century, more than a third of the drainage culverts installed in the United States
have been corrugated steel pipe (CSP) in round and pipe-arch shapes. The service life of a
corrugated metal culvert varies, depending on factors such as coatings, thickness, climate,
maintenance, PH on water flows, and the condition of the surrounding soil. However, this type of
culvert came into widespread use in the 1950s, and many are now reaching the end of their useful
life and need to be repaired or replaced or refurbished before they fail. Metal culverts can fail in
different ways. For example, rust and corrosion can cause the pipe to leak, or even to disintegrate
and collapse. Leaks can lead to erosion around the pipe and the resulting lack of structural support
can cause the pipe to break. Pipe failure can wash out roads and bridges and cause environmental
damage to the waterways they drain into.

Culverts can be repaired, or refurbished, by building a new culvert or digging the existing pipe up
and replacing it. But these methods can be costly and time-consuming. Further, open cut methods
may impractical because of traffic volume; the road will likely have to be closed during open cut
operations, terrain, or climate. However, culverts can sometimes be refurbished without digging
them up. This process is referred to in the industry as trenchless replacement technology. In this
method, a new pipe is attached to a tool that is pushed or pulled through the existing damaged pipe.
The tool head intentionally breaks or splits the old pipe as it drags the new liner pipe in behind it;
this technique is also called "pipe bursting". These methods allow culverts to be replaced with
minimal disruption to traffic flow on any roadway above the culvert and with less impact on the
waterway the culvert drains into. However, it should be noted that such "pipe bursting" techniques
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are "destructive" to the host pipe, i.e., the old pipe being replaced, rendering the host pipe
effectively useless to provide support or peripheral protection, for example, to a new liner pipe.
Another technique is to use a slipliner wherein a plastic liner is pulled through the interior of the
host pipe, however this method has it’s associated difficulties with pulling the liner through a
corrugated pipe.
Furthermore, the environmental cost of replacing rusted corroded or damaged metal corrugated
steel pipes (CSPs) in the form of culverts is extremely large. Repairing damaged culverts,
heretofore, has been difficult. Many solutions have been proposed but none have been without
drawbacks. This invention provides a environmentally conscious, green solution wherein culverts
of host pipes of different sizes can be repaired by the same method, using a same structure and
components. It’s essentially a one size fits all solution. The only difference in repairing host pipes
with different diameters is in number of planks and amount of re-bar and cementitious mortar that
must be used. Each repair or refurbish follows essentially a same method The environmental
advantage, convenience, low cost and ease of installation of this system makes it highly desirable.
Furthermore, corrugated culverts in need of replacement can be repaired and in some instances
their life may be extended by up to 75 years or more.

Summary of the Invention

In accordance with an aspect of the invention a method is provided for repairing at least an inner
portion of a host pipe having an inner and outer wall, comprising:
positioning a supporting metal framework within the invert of the host pipe adjacent to the host
pipe inner wall;
placing a first plurality of longitudinal planks in a longitudinal direction within the invert and
coupling the planks to the metal framework;
attaching adjacent planks to one another by sliding a coupling at or about an outer longitudinal
edge of one plank into a complementary coupling at or about longitudinal outer edge of another
plank thereby connecting neighbouring planks, wherein at least a plurality of adjacent coupled
planks form a trough, and wherein a cross-section of the trough is at least a quarter-circle; and,
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installing a cementitious grout within spaces between the coupled planks and the host pipe to fill
a space between the planks and the inner wall of the host pipe and encapsulate the metal
framework, wherein the metal framework, the grout and the planks form at least a partial inner
wall for providing additional strength and longevity to the host pipe.

In accordance with the invention there is further provided a method for repairing at least an inner
portion of an invert of a host pipe having an inner and outer wall, in the form of a culvert or other
conduit, comprising:
troweling with a first cementitious grout material to fill in corrugated indentations in the inner wall
of the host pipe;
positioning a supporting metal framework within the invert of the host pipe adjacent to the host
pipe inner wall and coupling said metal framework with adhesive, cement, connectors or ties to
the host pipe;
placing a plurality of longitudinal interlockable planks in a longitudinal direction within the invert
and coupling the planks to the metal framework, wherein adjacent planks are attached to one
another by sliding a coupling at or about an outer longitudinal edge of one plank into a
complementary coupling at or about longitudinal outer edge of another plank wherein
neighbouring planks are interlocked and wherein at least a plurality of adjacent coupled planks
form a water-tight trough, and wherein a cross-section of the trough is at least a half-circle; and,
installing a second cementitious grout within spaces between the coupled planks and the host pipe
to fill a space between the planks and the inner wall of the host pipe and encapsulate the metal
framework, wherein the metal framework, the grout and the planks form at least a partial inner
wall for providing additional strength and longevity to the host pipe, wherein the first cementitious
grout is different composition from the second cementitious grout.

In accordance with another aspect of the invention, there is provided, a refurbished culvert
comprising: a corrugated steel pipe (CSP) having an outer corrugated wall and an inner corrugated
wall; a layer of a first cementitious material filling recesses of the inner corrugated wall so that
the inside diameter of the inner corrugated wall is substantially uniform;
a layer of a second cementitious filler material adjacent the first cementitious material and having
encapsulated therein a framework of rebar including longitudinal lengths of rebar and circular
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hoops of rebar; and a plurality of interlocked plastic planks having protrusions on one face thereof
imbedded within the second cementitious filler material, wherein the interlocking plastic planks
form a visible inside liner of the CSP.

Brief Description of the Drawings

Exemplary embodiments will now be described in conjunction with the drawings in which:

FIG. 1A is a prior art isometric view of a corrugated steel pipe.

FIG. 1B is a flowchart depicting the general steps of this invention.

FIG. 2a is an isometric view of a plastic plank in accordance with the invention.

FIG. 3 is a cross-sectional view of the plastic plank shown in FIG. 2.

FIG. 4 is an isometric view of and coupling for coupling ends of two plastic planks.

FIG. 5 is an isometric view of a rebar support frame.

FIG. 6 is an illustration of an expanded view of a portion of FIG. 5.

FIG. 7 is a perspective view of a plurality of interconnected planks forming a sleeve.

FIG. 8 is an exploded view showing layers of the refurbishment of a host pipe in accordance with
the invention.

FIG. 9 is a cross-sectional view of a refurbished host pipe or culvert.

FIG. 10 is an enlarged view of a portion of an cross section of the pipe shown in Fig. 9
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FIG. 11 is an enlarged view of a portion of an cross section of the bottom portion of the pipe shown
in Fig. 9

Detailed Description

Referring now to FIG. 1A a corrugated steel pipe 100, generally for use as a culvert is shown. Steel
pipes of this type can range in size from as little as a fraction of a meter to many meters in diameter.

Repairing or refurbishing a corrugated steel pipe (CSP) of this type is done in accordance with this
invention generally as depicted by the flowchart FIG. 1B, by cleaning the interior wall of the steel
pipe, constructing a metal rebar support structure within the invert or the interior of the CSP;
attaching a plurality of interconnected plastic planks to the metal framework and injecting a
cementitious grout to fill the space and any voids between the plastic planks and the inner wall of
the CSP.

FIG. 5 shows the support structure of interconnected rebar that forms a skeleton upon which a skin
of planks is attached. The rebar structure 500 is comprised of numerous lengths of rebar 505
attached to rebar hoops 510 that conform to the inner opening of the host pipe. Various sizes and
forms of attachments 515 are shown coupling pieces of the rebar together. This obviates welding
rebar sections to one another and these connectors or attachments 510 provide enough strength for
the structure to withhold and support the plastic planks that will be attached thereto. Once the
cementitious grout is injected between the plastic planks and CSP the entire structure provides the
integrity and strength to last for decades. Each section of the rebar cage includes 6m lengths of
10mm rebar placed at 3, 6 9, and 12 o’clock positions within the host pipe. Rebar hoops 510 are
preferably spaced 300mm apart.
FIG. 2 is an illustration of a plastic plank 200 having an overall dimension of 4’ x 9” or 4’ x 12”
and a thickness of about 150”. Planks 200 are formed of an High-density polyethylene (HDPE)
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Plastic or recycled plastic. Each plank has a first face 220a having a male coupling rail 202 along
one edge and a complementary female coupling rail 204 along an opposite edge. T-shaped
protrusions 206a, 206b and 206c are also shown on the upper face of the plank 200. These features
on the first face 220a can be seen more clearly in FIG. 3 showing a cross section of the plank 200.
The purpose of the protrusions 206a, 206b and 206c is to securely affix the plank to a cementitious
grout applied, after it cures. Since each plank 200 is placed side-by-side with an adjacent plank
200, when the planks are placed into a corrugated steel pipe to be repaired, a male connector at an
edge of a plank is coupled with a complementary female edge connector of an adjacent plank. The
longitudinal male rail 202 slides into the longitudinal recess of the female connector 204 to form
a grout-tight seal between the two planks. The planks are said to be locked together when they are
coupled together. However, these interlockable planks can be unlocked if necessary before they
are grouted in place by sliding them in a reverse direction. An opposite face 220b is smooth and
the plank 200 is shown having slight pre-curve from extrusion design dyes. Since the cross-section
array of interconnected planks that fill the interior of the host pipe to be repaired will form a circle,
it is advantageous for the planks themselves to have a slight curve conforming more to the curved
wall of the host pipe. Completely filling the interior of the host pipe with planks is optional,
depending on the extent of the repair. In some instances planks may only be required in the bottom
half of the host pipe and not completely around the interior of the host pipe. This is one advantage
of using planks that can be coupled together; as many as are required, can be provisioned.

Assemble of the planks is done in steps. After a first plurality of planks 200 are inserted into the
host pipe to be repaired and they are fastened to the rebar framework, a second plurality of planks
200 are placed in front of the first planks to extend the length of the repair and this is repeatedly
done until the host pipe or repaired region is covered with planks 200. A coupling bridging member
400 shown in FIG. 4 is placed between each plank end of the first plurality of planks 200 and each
plank end of the second plurality of planks 200 to tightly couple the plank ends and to prevent
grout from seeping through. Coupling member 400 is curved to receive the curved plank ends as
the planks are slightly curved as was described heretofore. As can be seen in FIG. 7, the planks
are arranged so that they are staggered thereby ensuring that this is no contiguous circular seam
around the inner circumference of the liner pipe formed by the planks. As planks are installed and
coupled to one another, they are attached to the rebar framework.
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In accordance with a preferred embodiment of the invention the following sequential steps should
be performed to extend the life of a CSP by up to 75 years.

Prior to any work being initiated, site conditions should be surveyed for any abnormalities or
additional problems that may exist on site and if any are found these should first be remediated.
Preferably, LIDAR should be used to provide a LIDAR survey to provide evidence of conditions
to be compared with final results. Key survey points to be studied are at 12 pm, 3 pm, 6 pm, 9 pm
clock positions within the host pipe.

Next the substrate of the host pipe 100 must be cleaned and prepared using high pressure water
blasting to remove all bond breaking substances. Preferably water pressure of at least 3000 and
preferably 5000 psi. Dust and debris should be fully removed from areas to be treated, anchored
or supported. Once the inner surface of host pipe has been cleaned it will serve as the substrate for
the additional layers to be added to the invert. Resilient anchoring fasteners are attached to the
interior wall of the host CSP. For example high-density polyethylene (HDPE) or Basaltic bar ties
1010 are affixed to the inner wall of the host pipe at 12, 3, 6 and 9 o’clock positions and spaced
along the length of the host pipe to be repaired or refurbished. Mortar 910 shown in FIG. 9,
preferably VELOSIT® RM 202 is applied to the inner culvert surface from at least the 5:00 o’clock
to 7:00 o’clock position with a wet trowel, so as to partially fill the ribs of the host pipe. The term
“substantially uniform is to mean more uniform than the diameter of the host pipe before applying
the VELOSIT® RM 202 which is a cementitious repair mortar for many types of construction
substrates and preferably 80% to 100% of the depth of ribs of the host pipe should be filled. It has
good adherence to the host pipe creates a good surface for coatings and overlays. Filling in the
corrugations in the interior of the host pipe allows the host pipe along with the cementitious
VELOSIT® RM 202 to synergistically provide a outer shell with increased strength that will bond
to the inner grout, rebar and planks to form a repair that can last up to 75 years or more. As will
be described hereafter, a different type of grout VELOSIT® NG 511 is used to fill in voids and
bond to the VELOSIT® RM 202 in a later step.
VELOSIT® NG 511 has minimal shrinkage, has slight volume increase in the plastic stage to
ensure good bonding to metal, has corrosion inhibitor, adequate working time, 60 min. working
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time and 1740 psi (12 MPa) compressive strength after 6 hours, excellent adhesion to properly
prepared concrete and steel, and minimal water penetration.
Referring now to FIG. 11, the bottom portion of the host pipe is shown having a layer of cement
at the 6 o’clock position. The purpose of applying this layer is to provide additional thickness and
to obviate the corrugations as this is the location where liquid typically runs and sits and is most
likely to corrode. Care should be taken to allow all bar ties 1010 to protrude so that they can be
used to affix rebar thereto.

Once the inner surface of the host pipe is prepared as described heretofore, the 10 metre
longitudinal rebars 505 running along the inner surface of the culvert are installed. The longitudinal
bars 505 should be installed at every clock position along the interior. This is preferably done with
resilient stainless steel Tapcon® fasteners. Less preferably, but alternatively, the bars can be
installed into the mud slab applied into the previous step. After the long bars are installed basaltic
bar hoops 510 are installed to support the application of planks 200. Each plank is approximately
4 feet long so that a person can insert their art to reach and assemble the planks together and end
joints are staggered.

Once the planks 200 are installed grout is pumped into the annulus space between the planks and
surrounding culvert once the planks and rebar have been installed. The preferred grout used is
VELOSIT® NG 511 or an equivalent grouting solution. Ideally there should be no voids, leaks
and no form movement of the plank during the applying of grout. The pumping takes place in
multiple stages as groups of planks are inserted.
The final completed remediated host pipe is expected to have up to a 75 year life span without
corrosion.

9

Doc. No. 328-9 US PROV
CLAIMS
What is claimed is:

1. A method for repairing at least an inner portion of a host pipe having an inner and outer wall,
comprising:
positioning a supporting metal framework within the invert of the host pipe adjacent to the host
pipe inner wall;
placing a first plurality of longitudinal planks in a longitudinal direction within the invert
attaching adjacent planks to one another by sliding a coupling at or about an outer longitudinal
edge of one plank into a complementary coupling at or about longitudinal outer edge of another
plank thereby connecting neighbouring planks, wherein at least a plurality of adjacent coupled
planks form a trough, and wherein a cross-section of the trough is at least a quarter-circle;
coupling the planks to the metal framework; and,
installing a cementitious grout within spaces between the coupled planks and the host pipe to fill
a space between the planks and the inner wall of the host pipe and encapsulate the metal
framework, wherein the metal framework, the grout and the planks form at least a partial inner
wall for providing additional strength and longevity to the host pipe.

2. A method for repairing at least an inner portion of an interior of the host pipe as defined in claim
1, wherein the step of attaching adjacent planks to one another is performed by sliding a
longitudinal rail at an edge of one plank into a receiving longitudinal groove of another plank, and
repeating this step for a plurality of planks, wherein the first plurality of planks forming the trough
form an inner liner pipe, wherein said inner liner pipe has a circular cross section.

3. A method as defined in claim 1 or claim 2, wherein the planks have a smooth face and an
opposing face having one or more projections projecting outward in a direction toward the host
pipe for securing the planks to the cementitious grout after it cures.

4. A method as defined in any of claims 1 to 3 wherein the face of each plank is curved about its
longitudinal axis.
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5. A method as defined in claims 2 through 4 comprising placing a second plurality of longitudinal
planks in front of or behind the first plurality of planks, wherein the second plurality of planks are
coupled with the first plurality of planks so as to lengthen the liner pipe, wherein cementitious
grout is placed in a space between the second plurality of planks and the host pipe wherein the
supporting metal framework is between the second plurality of planks and the host pipe.

6. A method as defined in claim 5, wherein the first and second plurality of planks are coupled to
one another by placing a coupling element between abutting adjacent plank ends.

7. A method as defined in claim 6, wherein the first plurality of planks are staggered so that ends
of side-by-side adjacent planks are not coplanar.

8. A method as defined in claims 1 through 7, wherein each plank has a coupling along or near a
side edge thereof and a complementary coupling along or near an opposite side edge thereof and
wherein said each plank couplings and one or more projections are formed from a same piece of
plastic.

9. A method as defined in claims 1 through 8, wherein the one or more projections are t-shaped in
cross-section.

10. A method as defined in claims 1 through 9 including the step of troweling grout on the inside
wall of the host pipe.

11. A method for repairing at least an inner portion of an interior of a host pipe having an inner
and outer wall, in the form of a culvert or other conduit, comprising:
troweling with a first cementitious bonding grout material to at least partially fill in at least some
corrugated indentations in the inner wall of the host pipe;
positioning a supporting metal framework within the interior of the host pipe adjacent to the host
pipe inner wall and coupling said metal framework with adhesive, cement, connectors or ties to
the host pipe;
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placing a plurality of longitudinal planks in a longitudinal direction within the interior and coupling
the planks to the metal framework, wherein adjacent planks are attached to one another by sliding
a coupling at or about an outer longitudinal edge of one plank into a complementary coupling at
or about longitudinal outer edge of another plank so that neighbouring planks are interconnected
and wherein at least a plurality of adjacent coupled planks form a grout-tight trough, and wherein
a cross-section of the trough is at least a half-circle; and,
installing a second cementitious grout within spaces between the coupled planks and the host pipe
to fill a space between the planks and the inner wall of the host pipe and encapsulate the metal
framework, wherein the metal framework, the grout and the planks form at least a partial inner
wall for providing additional strength and longevity to the host pipe, wherein the first cementitious
bonding grout is different composition from the second cementitious grout.

12. A refurbished culvert comprising:
a corrugated steel pipe (CSP) having an outer corrugated wall and an inner corrugated wall;
a layer of a first bonding cementitious material within a plurality of recesses of the inner corrugated
wall;
a layer of a second cementitious filler material adjacent to and contacting the first cementitious
material and having encapsulated therein a structural metal framework including longitudinal
lengths of rebar and circular hoops, wherein the first and second cementitious materials have
different properties; and
a plurality of interconnected plastic planks arranged side-by-side and end-to-end each having
protrusions on one face thereof imbedded within the second cementitious filler material, wherein
the interlocking plastic planks form a visible inside liner of the CSP spaced from the inner wall of
the CSP.

13. A refurbished culvert as defined in claim 12 wherein the second cementitious material forms
a layer between the host pipe and the plurality of interlocked plastic planks.

14. A refurbished culvert as defined in claim 12 or 13 wherein the a layer of a first cementitious
material filling the plurality of recesses of the inner corrugated wall makes the inside diameter of
of the filled corrugated wall substantially uniform
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Statement: This application relates to a technology that if commercialized would resolve or
mitigate the costly environmental impact of replacing deteriorating large corrugated steel pipes
(CSPs) or culverts. Many of these culverts installed are at an end of their useful life. The invention
provides a solution where a CSP can be repaired in-situ with little disturbance to the environment
and with green technology. Otherwise, removing and retrenching would be at huge environmental
cost.
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This figure illustrates a region in green where closed cell foam is applied to fill in valleys in the
corrugated steel creating a substantially uniform inner diameter. Grout is applied on top of the
closed cell foam.. and steel rebar shown in later figures is unwound from two spools where two
overlapping spirals of the rebar provide structure and support for the grout that will fill in voids..
This repair process also allows up to 75 years or more of use of the refurbished culvert.

FePlank

228 (9”)

305 (12”)

SEE FIG. 3 above and text referring to FIG. 3 for explanation.

PART B

228 (9”) – With Pre Camber

228 (9”) – Without Pre Camber

305 (12”) – With Pre Camber

305 (12”)– Without Pre Camber

CORRUGATED STEEL PIPE (CSP) – 2430mm ID

CORRUGATED STEEL PIPE (CSP) – 2430mm ID
-Closed foam to fill CSP outpans and
deformations screeded to circular cross section
[light green]
-Gauge pin to guide foam application and
screeding [red]
-6mm thick layer troweled on (Repair Motar
Velosit RM202) [dark green]
-2mm thick water prool layer (Velosit WP120)
[dark grey]

REBAR CAGE – 10mm BAR, 4X (2 PARALLEL IN EACH
DIRECTION) 12m SECTIONS SPIRAL WITH 250mm LAP
SPLICE (2850mm PITCH FOR 45° CROSS OVER)
-1425mm BETWEEN PARALLEL SPIRALS.

OVERLAPPING SPRIALS of rebar providing a rebar cage or skeleton. This would be used in
place of the rebar structure shown in FIG. 5 and FIG. 6. This can be set up and installed in much
less time and individual lengths and hoops need not be provided. When a coil of rebar is pulled
form one end it forms a spiral. When two such coils are pulled they form overlapping spirals
provided a desired structure. The coil can be sized such that the spiral to just meets and contacts
the inner wall of the corrugated pipe. The diameter can be slightly reduced by further pulling the
coil into a less tight longer spiral as required.

LINER INSTALLATION– SHOWN WITH 26X
228 WIDE LINER & 4X 305 WIDE LINER
(STAGGERED 600mm) -60mm thick grout
annulus

This FIG illustrates the end pieces which attach together as shown in a manner which prevents
grout from leaking through. See FIG. 3 and FIG. 4

LINER CLIP – Plank connection to hoop

THE BLUE AND RED WIRES are the rebar SPRIRAL and the yellow clips couple the rebar to
the T-protrusions on the planks The blue wedge holders are used to properly space and tension
the rebar by advancing or retarding the wedges in increase or decrease the space

LINER CLIP – Plank connection to hoop

PLANK Wedge

SECTION

EXPLODED VIEW

ENDVIEW

ENDVIEW – CLOSE UP

FOAM VOLUME

MORTAR VOLUME
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ABSTRACT OF THE DISCLOSURE

Two lengths of FRP rebar are formed into spirals and coupled at cross over locations to form
a structure to be embedded into a cementitious material or covered in a cementitious material
5

for repairing a form or in new construction.
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Support Structure and Method of Forming a Support Structure
Field
5

This invention relates generally to the field of construction and more particularly to
constructing or repairing large structures, such as but not limited to culverts, sewers and the
like and provides environmentally friendly, holistic solution.
Background

10
Concrete is very strong in compression, but relatively weak in tension. To compensate for this
imbalance in concrete's behavior, reinforcement bars called rebars are cast into the concrete to
carry the tensile structural load. Steel rebar has been commonly used for reinforcement.
15

More recently, reinforcement bar produced from continuous fiber, such as Basalt rebar has
been found to be superior to steel in both pervious and non-pervious concrete. Basalt bar does
not corrode.
In North America, steel rebar is typically used to reinforce concrete. Unfortunately, while the

20

initial bond between reinforcing steel bars and concrete is strong, the steel can deteriorate
within the concrete. A particular concern is rebar that spans a cold joint in the concrete. Cold
joints can let in water and when steel rebar rusts it expands and this splits open the concrete
letting yet more water in that causes even more rusting. This common concrete failure mode
is called spalling.

25
In order to solve this problem, rebar can be galvanized, however there is a substantial
monetary and environmental cost associated with galvanizing steel.
This invention uses a fiber reinforced polymer (FRP) rebar such as Basalt rebar which is
30

sometimes referred to as “rock rebar”. Basalt rebar is more environmentally stable than steel
rebar and is comparable in cost and in some instances less than the cost of steel rebar.

1
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Because Basalt rebar does not corrode, it was developed to be used in harsh environments
such as sea walls and road bridges. One of the major problems the construction industry faces
today is corrosion of reinforcing steel, which significantly affects the life and durability of
concrete structures. Basalt rebar effectively obviates this problem.
5
Basalt rebar is made from a plentiful volcanic rock called Basalt. Magma in the earth's core is
primary Basalt. The composition of Basalt rock may vary.
Relative to most common igneous rocks, Basalt compositions are rich in MgO and CaO and
10

low in SiO2 and the alkali oxides. Basalt generally has a composition of 45–52 wt% SiO2, 2–
5 wt% total alkalis, 0.5–2.0 wt% TiO2, 5–14 wt% FeO and 14 wt% or more Al2O3.
Basalt fibers are manufactured in a single stage process by melting pure Basalt rock raw
material. Basalt filaments are made by melting crushed volcanic basalt rock of a specific

15

mineral mixture to 1,700 C for 6 hours. The white hot material is subsequently drawn
through platinum bushings and then cooled into fibers. The fibers cool into hexagonal chains
resulting in a resilient structure substantially stronger than steel or fiberglass.
Basalt rebar is manufactured from continuous Basalt filaments and epoxy polymers, typically

20

in a ratio of 80% Basalt fibers and 20% resin. To provide better adhesion to concrete the
Basalt rebar is provided with a wound spiral thread around its periphery or the surface can be
embedded with sand for better adhesion to concrete.
Basalt rebar is approximately 2.5 times stronger in tensile strength than series 60 steel rebar of

25

the same diameter, and the tensile strength of continuous basalt fibers is about twice that of Eglass fibers and the modulus of elasticity is about 15-30% higher. Another advantage of
Basalt fibers is that the thermal expansion coefficient is very close to that of concrete whereas
steel is not. Hence, this lessens concrete cracking as temperatures vary. Basalt rebar is
environmentally safe and is inert and non-toxic. The production process of Basalt fiber

30

creates no environmental waste and it is non-toxic in use or recycling.
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Basalt rebar weighs less than steel and its strength to weight ratio is 7.5 times greater than
steel. Thus shipping costs are less than that of steel preserving its small environmental
footprint compared to steel.
5

This invention provides a green solution to build structures or repair existing structures, such
as sewers, culverts and pipes of various diameter and cross-section.
Summary

10

In accordance with an aspect of this invention a method of forming a reinforcing structure
onto a form, is provided, comprising:
providing a first length of FRP rebar adjacent to the form so that at least a portion of
the FRP
rebar is arranged in a spiral pressing against the form at a plurality of locations;
providing a second length of FRP rebar adjacent to the first length of FRP rebar

15

so that a portion of the first and second lengths form spirals following different paths
and conform to the form, wherein the first length and the second length of FRP rebar cross
over each other at a plurality of locations and are coupled together at a plurality of said
locations; and, covering at least a portion of the first and second lengths with a cementitious
20

material.
In accordance with another aspect of the invention, there is provided a reinforced structure
comprising:
an initial form requiring reinforcement;
a first length of FRP rebar formed into a spiral and contacting the initial form;

25

a second length of FRP rebar formed into a second spiral and contacting the initial
form;
wherein portions of the first length of FRP rebar criss-cross portions of the second
length of FRP rebar at a plurality of locations; and wherein the first length of FRP rebar and
30

second length of FRP rebar are coupled together at a plurality of said locations; and,
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a cementitious material covering a substantial portion of the first length and second
length of FRP rebar and some of the initial form.
In accordance with this invention there is provided a structure comprising:
a first length of FRP rebar shaped in a first spiral; and,

5

a second length of FRP rebar shaped in a second spiral, wherein the first and second
lengths of FRP rebar formed in spirals cross over each other at a plurality of locations, and
wherein some of those locations are coupled together.
10

In accordance with a preferred embodiment Basalt FRP is used.
Brief Description of the Drawings
Exemplary embodiments of the disclosure will now be described in accordance with the

15

drawings in which:
FIG. 1 is a prior art isometric view of a metal rebar frame.
FIG. 2 is a drawing in which FRP rebar is inserted into a culvert in preparation for spiraling.
FIG. 3 illustrates the start of a spiraling operation.

20

FIG. 4 illustrates two spiraled FRP rebars secured in position before grouting.
FIG. 4a is a cross-sectional view of the culvert and rebar of FIG. 4
FIG. 5 shows an alternative embodiment where the FRP rebar is spiralled onto the exterior of
a form.
FIG. 5A is a cross-section of the drawing shown in FIG. 5.

25
Detailed Description
Referring now to FIG. 1 a prior art structure formed of lengths of steel rebar 102 coupled with
steel rebar hoops 104 is shown which forms a supporting structure upon which to apply a coat
30

of cementitious material. The rebar structure 100 provides strength and support to the coating
of cement applied overtop and lessens the likelihood of cracking. The rebar is standard steel
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rebar which has the advantage of being highly ductile, but also has the disadvantage of easily
corroding in the presence of water and being very heavy compared to FRP rebar. When steel
rebar is used to repair old deteriorating culverts and sewers there is always a concern about
water seeping into the concrete and adversely affecting the steel rebar. Building the structure
5

100 below is also quite labor intensive, especially when erecting a rebar cage in large culverts
where many hoops 204 and parallel cross rebar members 102 are required. This is also done
in a damp or wet environment where steel rebar is likely to rust even during the installation
and repair.

10

FIGs. 2, 3 and 4 show an alternative embodiment of a structure, in accordance with the
disclosure where a less labour intensive, system is erected in a very short amount of time and
where two workers can erect the structure. No welding is required. The rebar used is fiber
reinforced polymer (FRP) rebar which comes in many forms. It can be made of Basalt fibers,
glass fiber, or carbon fiber. Notwithstanding, all of these FRP rebars have a similar

15

characteristic that lends to this invention. They have above adequate tensile strength, are
lightweight, and do not corrode. Longer lengths of these FRP rebar types bend easily but are
resilient and spring back from a bent form when released. Notwithstanding, if the bend radius
is too small, the FRP will be damaged so care must be taken to ensure that the bend radius is
suitable for the size and type of FRP rebar. The resilience of FRP rebar is not found in typical

20

steel rebar and is useful when positioning a length from a large diameter coils to form spiral.
For example when steel rebar is bent, it remains bent. However, Basalt rebar when bent or
coiled then fully released will spring back to a nearly straight form. If it is coiled and released
from being held in a coil it will uncoil itself. Turning now to FIG. 2 two lengths of 8mm FRP
rebar, 10A and 10B, preferably 8mm Basalt rebar is inserted into a culvert 30 in need of

25

repair. First ends of the rebar are fixed at 3’oclock and 9’o’clock positions at a far end of the
culvert 30 while an operator holds two other ends of the Basalt rebar. The operator pushes
both lengths of rebar 10A and 10B into the culvert with moderate the force and interlaces both
lengths into two spirals. This is illustrated more clearly in FIGs. 3 and 4. It should be noted
that by interlacing the lengths of FRP Basalt rebar they alternately cross over each other, 10A

30

crossing over 10B and 10B crossing over 10A. Plastic ties 20A and 20B secure the rebar and
couple portions which cross over each other together. FIG. 4 shows a completed construction.
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After the frame structure is completed cementitious material such as grout or concrete is
applied over it, concealing the rebar and providing a supportive layer to repair the culvert. In
an alternative embodiment, a grout tube having slits therein, follows one or both of the rebar
lengths 10A and 10B and is coupled thereto. A skin in the form of a plastic cover may
5

subsequently be applied over the rebar and grout tube after which grout is injected into the
grout tube (not shown) and the grout fills the void between the culvert inner wall 30 and the
plastic cover providing a sandwich of layers consisting of concrete reinforced with rebar
support structure and a plastic wall.

10

FIG. 4A is cross section of the culvert 30 shown in Fig. 4 illustrating the rebar 10A and 10B
covered in a layer of grout 30.
Although the FRP rebar 10A and 10B is shown supporting an inner wall of a culvert 30, Fig.
5 shows an alternative embodiment where a form consisting of a concrete grain silo 40 is

15

wrapped in FRP Basalt rebar in two overlapping spirals before a layer of cementitious
material is applied over the rebar.
As long as the FRP rebar is maintained in a spiral it is constantly under tension adding a small
amount of tension against the form or culvert it is within. This is seen as an advantage, since

20

in the construction industry compressive stresses are sometimes purposely introduced to
produce prestressed concrete either by pre-tensioning or post-tensioning the steel
reinforcement. The other advantage of the spiral being under tension is that is remains in
place as long as the ends are held in a fixed position, so that it cannot unwind. This eases
construction of two spiral lengths of FRP rebar within or upon a form. If rebar was limp, or

25

overly stiff it would be difficult to form it into a spiral, however due to the nature of FRP
rebar, it lends itself to being formed into a spiral conforming to the inside of a culvert and
obviates the more complex construction shown in FIG. 1. It should be noted that although
preferable to used two separate lengths of FRP rebar, it may be possible to use a single length
where the middle is placed at one end of the culvert and the two lengths on either side of the

30

middle overlap each other in spirals, where one overlaps the other in an alternating pattern.
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CLAIMS

What is claimed is:
5

1. A method of forming a reinforcing structure onto a form, comprising:
providing a first length of FRP rebar adjacent to the form so that at least a portion of
the FRP rebar is arranged in a spiral against the form at a plurality of locations;
providing a second length of FRP rebar adjacent to the first length of FRP rebar
such that a portion of the first and second lengths form spirals following different paths and

10

conform to the form, wherein the first length and the second length of FRP rebar cross over
each other at a plurality of locations and are coupled together at a plurality of said locations;
and, covering at least a portion of the first and second lengths with a cementitious material.
2. A method as defined in claim 1 wherein the form is a pipe and wherein the first and second

15

lengths of FRP rebar are disposed within the pipe adjacent the inner wall of the pipe.
3. A method as defined in claim 2, wherein the pipe is a culvert or sewer pipe and wherein the
first and second lengths are separate lengths of basalt rebar.

20

4. A method as defined in claim 2 wherein the first and second lengths are intertwined so that
the first length overlaps the second length at a plurality of locations and wherein the second
length overlaps the first length at a plurality of other locations.
5. A method as defined in claim 4, where the first and second lengths of FRP rebar are Basalt

25

rebar and are formed into a coil after being inserted into the interior of the pipe.
6. A method as defined in claim 4 wherein an angle formed between two overlapping lengths
of the basalt rebar is within a range between 15 and 45 degrees.

7
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7. A method as defined in claim 4, further comprising a spiral conduit conforming to the
culvert or sewer pipe having an end for accepting grout and having openings therein for
injecting grout into a plurality of regions about the basalt rebar lengths.
5

8. A method as defined in claim 4, where the basalt rebar includes a plurality of constituents.
9. A method as defined in claim 2, wherein the first and second lengths of basalt rebar are a
contiguous single length of rebar.

10

10. A method as defined in claim 1 wherein the form has a rectangular, square, or circular
cross-section.
11. a method as defined in claim 1 wherein the rebar Basalt fiber reinforced polymer
reinforcing bar.

15
12. A method as defined in claim 8 wherein the Basalt rebar contains Basalt filament and
epoxy polymer.
13. A method as defined in claim 1 further comprising:
20

applying a cladding, disposed over the first and second basalt rebar coils; and,
applying a cementitious material between the cladding and the form to encapsulate the
rebar coils.
14. A reinforced structure comprising:

25

an initial form requiring reinforcement;
a first length of FRP rebar formed into a spiral and contacting the initial form;
a second length of FRP rebar formed into a second spiral and contacting the initial form;
wherein portions of the first length of FRP rebar criss-cross portions of the second length of
FRP rebar at a plurality of locations; and wherein the first length of FRP rebar and second

30

length of FRP rebar are coupled together at a plurality of said locations; and,

8

Doc. No. 328-10 CA

Green Tech Patent

a cementitious material covering a substantial portion of the first length and second length of
FRP rebar and some of the initial form.
15. A supporting structure comprising:
5

a first spiral of FRP rebar; and,
a second spiral of FRP rebar, wherein portions of the first and second spirals of FRP rebar
cross over each other, and wherein some of those portions are coupled together.
16. A supporting structure as defined in claim 15 wherein the FRP rebar is basalt rebar.

10
17. A supporting structure as defined in claim 15 further comprising a grout tube coupled to
the one of the first and second spiral bars.
18. A supporting structure as defined in claim 15, including a grout tube wherein the grout
15

tube is formed into a spiral and is coupled to one of the first and second spirals.

9
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Statement under 84.1 (b) of the Patent Rules

The applicant believes that this application relates to a technology the commercialization of
which would help resolve and mitigate the environmental impact of using steel rebar which
5

corrodes and leads to concrete spalling and deterioration of thousands of miles of culvert in
North America. It uses FRP rebar which is light-weigh, non-toxic, non-corrosive and costs a
fraction of steel rebar to ship to a site location and provides a configuration that requires very
little to no machinery to install.

10
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ABSTRACT

A system for forming a permeable reactive barrier includes a source conduit for providing a
substantially dry barrier-forming material at an initial flow velocity. A delivery conduit
arrangement is in fluid communication with the source conduit and includes a first delivery
5

conduit and a second delivery conduit. The first and second delivery conduits each have an
outlet end for being positioned proximate a bottom of respective spaced-apart boreholes in the
ground. The first and second delivery conduits each have one or more openings defined in
respective sidewalls thereof proximate the outlet ends thereof, for venting air that is entrained
in the flow of the material. A total cross-sectional area of a flow path increases between the

10

source conduit and the outlet ends of the first and second delivery conduits. During operation
a final flow velocity of the barrier-forming material is at least about 30% less than the initial
flow velocity.
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METHOD AND SYSTEM FOR FORMING A PERMEABLE
REACTIVE BARRIER IN THE GROUND

FIELD
The present invention relates generally to methods and systems for in situ construction of a
5

subsurface containment region for containing hazardous waste or contaminated soil buried
under in the ground, and more particularly to a method and system for forming an
underground permeable reactive barrier.

BACKGROUND
10

Dr. Robert Gillham of the University of Waterloo, decades ago, discovered a method of insitu treatment of chlorinated solvents by introducing iron filings into a polluted ground source
of ground water.
Sayles et al. (Environmental Science and Technology, 1997) investigated the utility of using
zero-valent iron (e.g., granular iron filings and the like) to dechlorinate DDT and related

15

compounds in an anaerobic aqueous environment.

Sayles et al. also acknowledged the

importance of providing for a large surface-area of reactive iron, such as that which could be
facilitated by the use of a fine particulate or powdered forms of iron. This method became
popular and was used later by mixing iron filings with sand.
Currently, various techniques are known for forming zero-valent iron permeable reactive
20

barriers. These known techniques can be classified based on whether placement of the barrier
requires digging a trench or is achieved without digging a trench. Those techniques that do
not require digging a trench may be further classified based on whether a continuous or
discontinuous barrier is formed.
As will be apparent, barrier placements that require digging a trench are limited to relatively

25

shallow depths, cause considerable disruption of the surface and subsurface, and are not well
suited for areas in which the subsurface contains large cobbles or consolidated rock
formations. On the other hand, barrier placements involving the drilling of boreholes into the

1

Doc. No. 328-14 CA

Green Tech Patent

ground can be used to form barriers to deeper depths than is possible using trenched
techniques, and the presence of cobbles or consolidated rock formations is not a major
concern.
One approach involves drilling a series of large diameter boreholes, which are spaced closely
5

together such that adjacent boreholes overlap with one another. When a barrier material is
placed into the boreholes, the resulting barrier is continuous along the length of the series of
boreholes. Alternatively, a series of smaller diameter boreholes may be drilled in a spacedapart arrangement and fracturing techniques may be used to open a space between the
adjacent boreholes. Once again, when a barrier material is placed into the boreholes, the

10

resulting barrier is continuous along the length of the series of boreholes. Yet another
approach involves drilling an array of spaced-apart boreholes, which is arranged in a plurality
of staggered rows. When a barrier material is placed into the boreholes, the resulting barrier
is discontinuous, but the array is designed such that contaminated groundwater must flow
through the barrier material in at least one of the boreholes in at least one of the rows.

15

The use of staggered rows of boreholes to form a permeable reactive barrier is particularly
attractive because greater depths may be reached, the barrier may be constructed close to
property lines, and the subsurface composition is not problematic.

Unfortunately, the

boreholes tend to be relatively small in diameter (e.g., 6 inches), which causes problems when
filling the boreholes with a substantially dry barrier-forming material, such as for instance a
20

sand/iron filing mixture with a humidity level of about 20%. Typically, the substantially dry
barrier-forming material is fed through a conduit that is inserted into the borehole. The
borehole is filled from the bottom up, and the conduit is withdrawn as the level of the
substantially dry barrier-forming material in the borehole rises. The barrier-forming material
is normally entrained in a flow of a gas, such as for instance air, and is fed into the borehole

25

with a high flow velocity. This may result in a significant amount of the barrier-forming
material being blown back up the borehole and into the surrounding environment.

In

addition, the height of the barrier-forming material in the borehole may rise faster than the
conduit is being withdrawn from the borehole, causing the outlet end of the conduit to become
stuck in the borehole.

2
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The need thus exists for an improved method and system that addresses the above-mentioned
drawbacks.
SUMMARY
In accordance with an aspect of at least one embodiment there is provided a method of
5

forming a permeable reactive barrier in the ground for remediating groundwater, comprising:
drilling a plurality of holes in the ground; and introducing a substantially dry barrier-forming
material into two holes of the plurality of holes in a simultaneous fashion, comprising:
positioning a filling tool relative to the two holes such that an outlet end of a first conduit of
the filling tool is proximate a bottom of a first one of the two holes and an outlet end of the

10

second conduit of the filling tool is proximate a bottom of a second one of the two holes;
providing a flow of the substantially dry barrier-forming material at an initial flow velocity
through a source conduit and into a flow divider, the flow divider having a first outlet in fluid
communication with an inlet end of the first conduit and a second outlet in fluid
communication with an inlet end of the second conduit; and withdrawing the filling tool out

15

of the two holes while continuing to introduce the substantially dry barrier-forming material
into the two holes, wherein a final flow velocity of the substantially dry barrier-forming
material exiting from the outlet ends of the first and second conduits is at least about 30% less
than the initial flow velocity, and wherein withdrawing the filling tool is performed at a rate
that is substantially equal to a rate of filling the two holes with the substantially dry barrier-

20

forming material.
In accordance with an aspect of at least one embodiment there is provided a system for
forming a permeable reactive barrier in the ground for remediating groundwater, comprising:
a source conduit for providing a substantially dry barrier-forming material at an initial flow
velocity; a flow divider having an inlet in fluid communication with an outlet end of the

25

source conduit, and having a first outlet and a second outlet, wherein the flow of the
substantially dry barrier-forming material exits the flow divider via the first and second
outlets at a flow velocity that is lower than the initial flow velocity; a first conduit having an
inlet end in fluid communication with the first outlet and having an outlet end opposite the
inlet end thereof; a second conduit having an inlet end in fluid communication with the

30

second outlet and having an outlet end opposite the inlet end thereof; wherein the first and

3

Doc. No. 328-14 CA

Green Tech Patent

second conduits each comprise one or more openings defined in respective sidewalls thereof
for venting air that is entrained in the flow of the substantially dry barrier-forming material for
reducing the flow velocity of the substantially dry barrier-forming material from the
intermediate flow velocity to a final flow velocity.
5

In accordance with an aspect of at least one embodiment there is provided a system for
forming a permeable reactive barrier in the ground for remediating groundwater, comprising:
a source conduit for providing a substantially dry barrier-forming material at an initial flow
velocity; and a delivery conduit arrangement in fluid communication with the source conduit
and having a first delivery conduit and a second delivery conduit, the first and second delivery

10

conduits each having an outlet end for being positioned proximate a bottom of respective
spaced-apart holes drilled into the ground, and the first and second delivery conduits each
having one or more openings defined in respective sidewalls thereof proximate the outlet
ends thereof for venting air that is entrained in the flow of the substantially dry barrierforming material, wherein a total cross-sectional area of a flow path of the substantially dry

15

barrier-forming material increases between the source conduit and the outlet ends of the first
and second delivery conduits, and wherein during operation a final flow velocity of the
substantially dry barrier-forming material exiting via the outlet ends of the first and second
delivery conduits is at least about 30% less than the initial flow velocity.

20

BRIEF DESCRIPTION OF THE DRAWINGS
The instant disclosure will now be described by way of example only, and with reference to
the attached drawings, in which:
FIG. 1 is a simplified diagram of a system or filling tool according to an embodiment.
FIG. 2 is an enlarged partial view of the system or filling tool of FIG. 1.

25

FIG. 3 is a simplified view showing the system or filling tool of FIG. 1 positioned within two
adjacent boreholes of an array of boreholes.

4
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FIG. 4 is a simplified side view showing the system or filling tool of FIG. 1 positioned within
two boreholes prior to filling with substantially dry barrier-forming material.
FIG. 5 is a simplified side view showing the system or filling tool of FIG. 1 positioned within
two boreholes during filling with substantially dry barrier-forming material.
5

FIG. 6 is a simplified side view showing the system or filling tool of FIG. 1 positioned within
two boreholes after filling with substantially dry barrier-forming material.

DETAILED DESCRIPTION
While the present teachings are described in conjunction with various embodiments and
10

examples, it is not intended that the present teachings be limited to such embodiments. On
the contrary, the present teachings encompass various alternatives and equivalents, as will be
appreciated by those of skill in the art. All statements herein reciting principles, aspects, and
embodiments of this disclosure, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is intended that

15

such equivalents include both currently known equivalents as well as equivalents developed
in the future, i.e., any elements developed that perform the same function, regardless of
structure.
As used herein, the terms "first", "second", and so forth are not intended to imply sequential
ordering, but rather are intended to distinguish one element from another, unless explicitly

20

stated. Similarly, sequential ordering of method steps does not imply a sequential order of
their execution, unless explicitly stated.
Referring now to FIG. 1, shown is a simplified diagram of a system or filling tool according
to an embodiment. The system 100 includes a source conduit 102 as well as a delivery
conduit arrangement, which is shown generally at 104. The delivery conduit arrangement 104

25

includes a flow divider 106, a first delivery conduit 108 and a second delivery conduit 110,
each of which has a wall thickness of about 0.6 cm. The flow divider 106 has an inlet 112
that is in fluid communication with the source conduit 102 for receiving a flow of a
substantially dry barrier-forming material. The flow divider 106 divides the flow of the
5
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substantially dry barrier-forming material into two, approximately equal flows out of first and
second outlets 114 and 116 and into the first and second delivery conduits 108 and 110,
respectively.
A first sensing ring 118 is provided proximate the outlet end of the first delivery conduit 108
5

and a second sensing ring 120 is provided proximate the outlet end of the second delivery
conduit 110. In an embodiment, the sensing rings 118 and 120 are approximately 30 cm in
length and have a wall thickness of 2.5 to 3 cm. Since the sensing rings 118 and 120 have the
same inside diameter as the first and second delivery conduits 108 and 110, the sensing rings
118 and 120 protrude outwardly from the outer surface of the first and second delivery

10

conduits 108 and 110. The sensing rings 118 and 120 may be joined to the outlet end of the
first and second delivery conduits 108 and 110 by a weld bead.
A first plurality of openings 122 is provided through the sidewall along a length of the first
delivery conduit 108 that is above the sensing ring 118.

Similarly, a second plurality of

openings 124 is provided through the sidewall along a length of the second delivery conduit
15

110 that is above the sensing ring 120. Additional openings (not illustrated) are also formed
on the sides of the first and second delivery conduits that are opposite the openings 122 and
124 shown in FIG. 1. Alternatively, the openings 122 and 124 are provided in the form of
elongated slots, or the number and/or size and/or distributions of the openings 122 and 124
may be selected for a particular application.

20

Attachment points 126 and 128 are provided for the purpose of attaching lifting cables (not
shown in FIG. 1), which allow a crane to be used to lower and raise the system 100 along a
substantially vertically path. Preferably, the source conduit 102 is flexible and the delivery
conduits 108 and 110 are rigid and parallel to one another, to facilitate a straight up-and-down
insertion and withdrawal of the system 100 into and out of boreholes that are to be filled with

25

the substantially dry barrier-forming material.
Referring now to FIG. 2, shown is an enlarged partial view of the system or filling tool 100 of
FIG. 1, which shows more detail of the flow divider 106 and first delivery conduit 108.
During operation, an inlet end (not shown in FIG. 2) of the source conduit 102 is in fluid
communication with a source of the substantially dry barrier-forming material. By way of a

30

specific and non-limiting example, the substantially dry barrier-forming material comprises
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sand, such as for instance silica sand or quartz sand, mixed with iron particles and a
thixotropic rheology modifier such as for instance attapulgite or Acti-Gel® (purified
magnesium aluminosilicate). In a specific implementation, 4 parts sand are mixed with 1 part
iron particles and thixotropic rheology modifier. By way of a specific and non-limiting
5

example, the source conduit 102 has an inside diameter of approximately 5 cm and provides
an initial flow fT of the substantially dry barrier-forming material with an initial velocity vi.
The flow fT enters the flow divider 106 via inlet 112 and is divided into two approximately
equal flows f1 and f2. In the example that is shown in FIG. 2, the flow divider 106 has an
inside diameter of approximately 7.5 cm. The combined effect of i) dividing the initial flow

10

fT into two flows f1 and f2 and ii) providing a larger inside diameter within the flow divider
106 compared to the source conduit 102 is to increase the total cross-sectional area of a flow
path of the substantially dry barrier-forming material. In the instant example, the total crosssectional area increases from about 19.5 cm2 in the source conduit 102 to about 88.3 cm2 in
the flow divider 106. According to Bernoulli’s principle, since the total volumetric flow rate

15

of the substantially dry barrier-forming material is constant along the flow path, the flow
velocity of the two flows f1 and f2 in the flow divider 106 will be lower than the flow velocity
within the source conduit 102, i.e., reduced from vi to an intermediate velocity vin.
Referring still to FIG. 2, the flow f1 passes along the length L of the first delivery conduit,
which is typically 5 m to 15 m, through sections 200 and 202, each of which has an inside

20

diameter approximately equal to the inside diameter of the flow divider 106, i.e., an inside
diameter of about 7.5 cm. The plurality of openings 122 defined through the sidewall of
section 202 vent a portion of the gas G within which the substantially dry barrier-forming
material is entrained. In some embodiments, the openings 122 are about 2.5 cm in diameter
and are spaced apart from one another by about 15 cm. In some embodiments, two rows of

25

openings 122 are provided along opposite sides of the section 202. Venting gas G via the
openings 122 further reduces the velocity of the two flows f1 and f2 from the intermediate
velocity vin to a final velocity vf. By way of a few non-limiting examples, the final velocity vf
of the flows f1 and f2 exiting from the outlet ends of the first and second delivery conduits 108
and 110, respectively, is at least 30% less, at least 40% less, at least 50% less, or at least 60%

30

less than the initial flow velocity vi within the source conduit 102.
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Now referring also to FIG. 3, the system or filling tool 100 may be used for forming a
permeable reactive barrier in the ground for remediating groundwater, in which an array of
boreholes 300 is formed in a plurality of staggered rows r1-r3 and then filled with a barrierforming material.
5

By way of a specific and non-limiting example, the bore holes are

approximately 15 cm in diameter and are separated by a center-to-center distance d of
approximately 45 cm. As will be apparent, the boreholes in the array 300 are formed, e.g., by
drilling, such that the center-to-center separation corresponds to the center-to-center
separation between the substantially parallel first and second delivery conduits 108 and 110 of
the system 100. If the system 100 has a different configuration, such as for instance a flow

10

divider that spaces the first and second delivery conduits 108 and 110 either more closely
together or further apart, then the spacing between the adjacent boreholes in the array 300 is
adjusted accordingly.
Of course, the depth of the boreholes in the array 300 depends on various factors that are
specific to the site that is being remediated. A depth of about 5 m to 15 m below ground

15

surface is typical. As will be apparent, one or more of the diameter, the spacing, and the
depth of the boreholes may be smaller or larger than the above-mentioned example
dimensions, e.g., depending on the particular constraints and requirements. The boreholes
300 may be drilled or bored etc. through various types of subsurface structures, including
consolidated rock formations or soils that contain cobbles of various sizes. The formation of

20

a suitable array 300 of boreholes may be achieved using techniques that are generally well
known to one of ordinary skill in the art and will not be discussed further herein.
Now referring also to FIGS. 4-6, the system or filling tool 100 is positioned within two
adjacent boreholes 302 and 304, such that the sensing rings 118 and 120 at the outlet ends of
the first and second delivery conduits 108 and 110 are proximate the bottoms 400 and 402 of

25

the boreholes 302 and 304, respectively (FIG. 4). The boreholes 302 and 304 are filled with a
substantially dry mixture of sand, iron particles, granular iron or iron filings, and a thixotropic
rheology modifier suspension stabilizer such as Acti-Gel®. Some water may be added to
mixture to dampen it, however the dry mixture will over time acquire moisture in-situ in the
ground after the boreholes 302 and 304 are filled. Preferably quartz sand, or silica sand is

30

used in the mixture. In operation the mixture may be added to a hopper and fed into the

8
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source conduit 102 using e.g., a not illustrated shotcrete compressed air delivery system
capable of moving the mixture with the high initial velocity vi.
As the boreholes 302 and 304 are filled with the substantially dry barrier-forming material
500 (FIGS. 5 and 6), the system 100 is withdrawn substantially vertically upwards, as
5

indicated by the block arrow, at a rate that is approximately the same as the filling rate of the
boreholes 302 and 304. For instance, cables 404 and 406 are attached to the system 100 via
the attachment points 126 and 128, respectively, and a not illustrated crane is used to lift the
system 100 out of the boreholes 302 and 304.
Referring again to FIGS. 1 and 2, the sensing rings 118 and 120 have the same inside

10

diameter as the first and second delivery conduits 108 and 110, respectively, but a larger
outside diameter. For instance, the outside diameter of the sensing rings 118 and 120 is
approximately 2.5 cm larger than the outside diameter of the first and second delivery
conduits 108 and 110. The sensing rings 118 and 120 therefore protrude outwardly from the
outer surfaces of the first and second delivery conduits 108 and 110. If the crane operator

15

raises the system 100 at a rate that is slower than the rate at which the boreholes 302 and 304
are being filled, then the protruding sensing rings 118 and 120 will become buried in the
substantially dry barrier-forming material and the crane operator will sense an increased
resistance to continued raising of the system 100. With experience, the crane operator will
learn to vary the rate of raising the system 100 in response to sensed feedback provided by the

20

sensing rings 118 and 120.
Advantageously, the reduced flow velocity that is achieved using the system 100, combined
with vertically lifting the system 100 during filling of the boreholes 302 and 304, results in the
simultaneous formation of void-free columns of the substantially dry barrier-forming material
within the boreholes 302 and 304. The system 100 may then be positioned into another pair

25

of adjacent boreholes, such as for instance boreholes 306 and 308, and the boreholes 310 and
312 are filled, etc., and the process is repeated until all of the boreholes of the array 300 are
filled. Advantageously, two boreholes may be filled at the same time, which may reduce the
total time required to construct the permeable reactive barrier, since the system 100 does not
need to be lowered into and withdrawn from each borehole individually.

9
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As discussed above, the depth of the boreholes in the array 300 depend on the constraints and
requirements of the site that is being remediated. Typical depths are in the range of 5 m to 15
meters, but other depths are possible. The system 100 may be made in different sizes to
accommodate different depth boreholes, for instance the length L in FIG. 2 may be 5 m or the
5

length L may be 10 m or the length L may be 15 m. The relative sizes of the sections 200 and
202 may be different in systems 100 having different lengths L. For instance, the section 202
may have a length of about 3 m, and the section 200 may have a length that is selected to
provide the desired total length L, e.g., 2 m or 7 m or 12 m. Alternatively, the relative sizes of
the sections 200 and 202 may be the same in different systems 100 having different lengths L.

10

Optionally, the system 100 may be disassembled to allow sections 200 and/or 202 of different
lengths to be used to suit the requirements for a particular application. For instance, boreholes
having a depth of 15 m may be filled when the system 100 is assembled using a section 200 of
12 m in length and a section 202 of 3 m in length. When it becomes necessary to fill
boreholes that are only 10 m in depth, the section 200 of 12 m in length may be “swapped

15

out” for a different section 200 of only 7 m in length. A kit of parts may include a flow
divider, a pair of sections 202 of 3 m in length, and a plurality of pairs of sections 200 of
various lengths. Optionally, the kit of parts further includes additional pairs of sections 202 of
various lengths.
Throughout the description and claims of this specification, the words “comprise”,

20

“including”, “having” and “contain” and variations of the words, for example “comprising”
and “comprises” etc., mean “including but not limited to”, and are not intended to, and do not
exclude other components.
It will be appreciated that variations to the foregoing embodiments of the disclosure can be
made while still falling within the scope of the disclosure. Each feature disclosed in this

25

specification, unless stated otherwise, may be replaced by alternative features serving the
same, equivalent or similar purpose. Thus, unless stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features.
All of the features disclosed in this specification may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually exclusive. In

30

particular, the preferred features of the disclosure are applicable to all aspects of the
10
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disclosure and may be used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

11

Doc. No. 328-14 CA

Green Tech Patent
CLAIMS

What is claimed is:
1. A method of forming a permeable reactive barrier in the ground for remediating
groundwater, comprising:
5

drilling a plurality of boreholes in the ground; and
introducing a substantially dry barrier-forming material into two boreholes of the
plurality of boreholes in a simultaneous fashion, comprising:
positioning a filling tool relative to the two boreholes such that an outlet end of
a first delivery conduit of the filling tool is proximate a bottom of a first one of the two

10

boreholes and an outlet end of the second delivery conduit of the filling tool is
proximate a bottom of a second one of the two boreholes;
providing a flow of the substantially dry barrier-forming material at an initial
flow velocity vi through a source conduit and into a flow divider, the flow divider
having a first outlet in fluid communication with an inlet end of the first delivery

15

conduit and a second outlet in fluid communication with an inlet end of the second
delivery conduit; and
withdrawing the filling tool out of the two boreholes while continuing to
introduce the substantially dry barrier-forming material into the two boreholes,
wherein a final flow velocity vf of the substantially dry barrier-forming material exiting from

20

the outlet ends of the first and second delivery conduits is at least about 30% less than the
initial flow velocity vi, and wherein withdrawing the filling tool is performed at a rate that is
substantially equal to a rate of filling the two boreholes with the substantially dry barrierforming material.

25

2. The method of claim 1, wherein the flow divider has an inside diameter that is larger than
an inside diameter of the source conduit, and wherein the flow of the substantially dry barrierforming material exits the flow divider via the first and second outlets at a flow velocity vin
that is intermediate the initial flow velocity vi and the final flow velocity vf.

12
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3. The method of claim 2, wherein the first and second delivery conduits each include one or
more openings defined in sidewalls thereof for venting gas that is entrained in the flow of the
substantially dry barrier-forming material, thereby reducing the flow velocity of the
substantially dry barrier-forming material from the intermediate flow velocity vin to the final
5

flow velocity vf.
4. The method of claim 1, wherein the substantially dry barrier-forming material comprises a
mixture of sand, granular iron or iron filings, and a thixotropic rheology modifier.

10

5. The method of claim 4, wherein the thixotropic rheology modifier comprises purified
magnesium aluminosilicate, wherein the substantially dry mixture has less than 20% moisture
content, and wherein the ratio of sand and thixotropic rheology modifier suspension stabilizer
to granular iron or iron filings is at least 3:1.

15

6. The method of claim 4, wherein the thixotropic rheology modifier comprises purified
attapulgite.
7. The method of claim 4, wherein the sand is silica sand or quartz sand.

20

8. A method as defined in claim 1, wherein each one of the first and second delivery conduits
has a sensing ring disposed at or about the respective outlet end thereof, and further
comprising a step of adjusting a rate of withdrawing the filling tool from the two boreholes
based on sensed feedback relating to interaction between the sensing rings and the
substantially dry barrier-forming material within the boreholes.

25
9. A system for forming a permeable reactive barrier in the ground for remediating
groundwater, comprising:
a source conduit for providing a substantially dry barrier-forming material at an initial
flow velocity vi;
30

a flow divider having an inlet in fluid communication with an outlet end of the source
conduit, and having a first outlet and a second outlet, wherein the flow of the substantially dry

13
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barrier-forming material exits the flow divider via the first and second outlets at an
intermediate flow velocity vin that is lower than the initial flow velocity vi;
a first delivery conduit having an inlet end in fluid communication with the first outlet
and having an outlet end opposite the inlet end thereof;
5

a second delivery conduit having an inlet end in fluid communication with the second
outlet and having an outlet end opposite the inlet end thereof;
wherein the first and second delivery conduits each comprise one or more openings
defined in respective sidewalls thereof for venting gas that is entrained in the flow of the
substantially dry barrier-forming material for reducing the flow velocity of the substantially

10

dry barrier-forming material from the intermediate flow velocity vin to a final flow velocity vf.
10. The system of claim 9, wherein the flow divider has an inside diameter that is larger than
an inside diameter of the source conduit.

15

11. The system of claim 9, wherein the first and second delivery conduits each have a
respective inside diameter that is larger than an inside diameter of the source conduit.
12. The system of claim 9, wherein each one of the first and second delivery conduits has a
respective outside diameter and further comprise a sensing ring disposed at or about the

20

respective outlet end thereof, the sensing ring having an outside diameter that is larger than
the outside diameter of the respective one of the first and second conduits.
13. The system of claim 9, wherein the first and second delivery conduits are substantially
parallel to one another and are spaced-apart by a center-to-center distance d, and wherein

25

during operation the first and second delivery conduits are positioned within respective
boreholes that are drilled into the ground and spaced-apart by approximately the same centerto-center distance d.
14. The system of claim 13, wherein the center-to-center distance d is between about 30 cm

30

and about 90 cm.
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15. A system for forming a permeable reactive barrier in the ground for remediating
groundwater, comprising:
a source conduit for providing a substantially dry barrier-forming material at an initial
flow velocity vi; and
5

a delivery conduit arrangement in fluid communication with the source conduit and
having a first delivery conduit and a second delivery conduit, the first and second delivery
conduits each having an outlet end for being positioned proximate a bottom of respective
spaced-apart boreholes drilled into the ground, and the first and second delivery conduits each
having one or more openings defined in respective sidewalls thereof proximate the outlet ends

10

thereof for venting gas that is entrained in the flow of the substantially dry barrier-forming
material,
wherein a total cross-sectional area of a flow path of the substantially dry barrierforming material increases between the source conduit and the outlet ends of the first and
second delivery conduits, and wherein during operation a final flow velocity vf of the

15

substantially dry barrier-forming material exiting via the outlet ends of the first and second
delivery conduits is at least about 30% less than the initial flow velocity vi.
16. The system of claim 15, wherein the delivery conduit arrangement comprises a flow
divider section having an inside diameter that is larger than an inside diameter of the source

20

conduit, the flow divider section having a first outlet in fluid communication with an inlet end
of the first delivery conduit and a second outlet in fluid communication with an inlet end of
the second delivery conduit.
17. The system of claim 15, wherein the first and second delivery conduits each have a

25

respective inside diameter that is larger than an inside diameter of the source conduit.
18. The system of claim 15, wherein each one of the first and second delivery conduits has a
respective outside diameter and further comprise a sensing ring disposed at or about the
respective outlet end thereof, the sensing ring having an outside diameter that is larger than

30

the outside diameter of the respective one of the first and second delivery conduits.
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19. The system of claim 15, wherein the first and second delivery conduits are substantially
parallel to one another and are spaced-apart by a center-to-center distance d, and wherein
during operation the first and second delivery conduits are positioned within respective holes
that are drilled into the ground and spaced-apart by approximately the same center-to-center
5

distance d.
20. The system of claim 19, wherein the center-to-center distance d is between about 30 cm
and about 90 cm.
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Statement under 84.1 (b) of the Patent Rules

This invention provides a method and system for in situ construction of a subsurface
containment region for containing hazardous waste or contaminated soil buried under in the
5

ground, and more particularly to a method and system for forming an underground permeable
reactive barrier which uses iron filings and sand to neutralize hazardous chemicals within the
ground. This green solution to neutralize these toxic chemicals is especially suited to areas
where it is not practicable to dig a trench to address this environmental problem.
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ABSTRACT

A pile shoring wall includes tangent concrete piles that are formed in the ground at an
excavation site. The tangent concrete piles include a plurality of a first type of concrete piles
in the ground at depths wherein the average depth is d1 and a plurality of a second type of
5

concrete piles. The second type of concrete piles includes 10% and less than 50% of the
tangent concrete piles, and each have a shaft of a helical pile secured therewithin. Each
helical pile has a bottom portion with helical flights for screwing the helical pile into the
ground, and each helical pile is set into the ground to a depth of at least about 2m below d1.
The helical flights of each helical pile are exposed to the surrounding soil and increase

10

resistance below an excavation depth when the site is excavated.
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PILE WALL SYSTEM

FIELD
The present invention relates to pile systems and methods and more particularly to a pile wall
system and method for constructing shoring walls using at least two types of piles.
5

BACKGROUND
Piles are a common feature of modern construction techniques and are often used in footings,
retaining walls, underground fluid flow barriers, or for supporting a structure above the
surface of the ground. Piles can be fabricated in many sizes and shapes and can be made of
many different materials, most commonly steel, wood, or concrete. Wood or concrete piles

10

most commonly take the shape of a solid rectangle or cylinder, while steel piles most
commonly are manufactured in the form of a hollow cylinder. However, generally planar
sheet piles made of steel, concrete, or plastic are also known and are used to some extent.
During use, piles normally extend at least partly into the ground. Numerous techniques may
be used to bury the pile in the ground. One such technique is to excavate a hole using

15

conventional techniques, place the pile into the hole, and then backfill the hole to secure the
pile in place. A more common technique is to drive the pile into the earth by applying an
impact force to the upper end of the pile.
Excavation projects that involve a deep excavation, typically between about 1.2 m to 10 m
below ground level, require a shoring wall to hold back the ground material surrounding the

20

excavation site and to prevent damage occurring to adjacent structures. When building a
shoring wall, an array of concrete piles may be used and are less expensive than building a
wall using steel piles. One common technique relies on boring a hole in the ground, removing
the soil from the hole, and filling the hole with concrete to form a pile in situ. Two distinct
types of pile shoring walls are known, each having unique advantages and disadvantages.

25

Tangent walls are characterized by a series of concrete piles that are touching or nearly
touching. Typically, a sacrificial guide wall is constructed at ground level to act as a template
for forming the bore holes. Supports, in the form of rods or rebar cages, are placed into each
completed bore hole either prior to or shortly after pouring concrete. The supports strengthen
1
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the concrete piles and prevent them from moving during subsequent excavation of the site.
These added supports are particularly important in a cantilevered shoring wall, in which the
pile is formed in a bore hole that has been dug below the level of excavation.

The

unexcavated material in front of the pile provides the resistance needed to hold back the
5

surrounding ground material and the supports add rigidity to the exposed portion of the piles
above the level of excavation. Tangent walls are well suited for use in urban areas and on
constrained sites, in which the excavation pit may extend to the property line and therefore
traditional retaining methods would encroach the adjoining properties. However, tangent
walls cannot be used in high ground water areas due to the difficulty of forming bore holes of

10

sufficient depth in water-saturated ground material. In addition, water can pass through the
space between adjacent piles unless the spaces are grouted.
Secant walls are similar to tangent walls but are characteristically stiffer and more watertight
due to the use of primary concrete piles that are overlapped by reinforced secondary piles.
The primary piles are formed first, such as for instance by digging a bore hole to a desired

15

depth and then filling the bore hole with relatively soft concrete. After the primary piles have
been allowed to harden sufficiently, the secondary piles are formed by drilling through the
foundation soil and partly through the adjacent primary piles. Supports, in the form of rods or
rebar cages, are placed into each secondary pile bore hole either prior to or shortly after
pouring the concrete, which is relatively harder than the concrete used for the primary piles.

20

The secondary piles overlap with the primary piles, which do not have an internal reinforcing
support structure, and thereby prevent the primary piles from moving during subsequent
excavation of the site.
Another type of pile used in modern construction techniques is the helical pile, which
typically comprises a hollow shaft having an angled pilot poin and helical flights arranged

25

along the bottom portion of the shaft.

Helical piles are used in applications including

structural support (compression or tension) for both permanent and temporary structures and
for underpinning existing foundations. One advantage of helical piles is that they do not
require the digging of an open bore hole. Instead, the pile is rotated about its longitudinal axis
such that the helical flights penetrate into the soil and advance the pile directly into the earth
30

without augering. Helical piles are typially installed using standard tracked or wheeled

2
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excavators with a torque motor attachment, which monitors the torque achieved during
installation to verify the design.
Of course, the relatively small diameter of the helical pile shaft is not well suited for holding
back ground material surrounding an excavation site, particularly in the case of a deep
5

excavation site with a fine and/or loose soil structure. Accordingly helical piles alone cannot
be used to form a reliable shoring wall. On the other hand, in some instances constructing a
shoring wall in the ground solely using concrete piles is problematic. For instance, tangent
walls cannot be constructed in high ground water areas due to the difficulty of forming the
bore holes to a sufficient depth in the water-saturated ground material. If the shoring wall is

10

to be reliable and safe for excavating a region within an area that is enclosed by poured
concrete piles, then constructing a support wall in these conditions requires different
measures.
The need thus exists for improved pile systems and more specifically to improved piles and
systems and methods for forming piles in situ to form an excavation shoring wall.

15

SUMMARY
In accordance with an aspect of at least one embodiment, there is provided a pile shoring wall
formed in the ground and comprising tangent concrete piles, the tangent concrete piles
comprising: a first plurality of concrete piles in the ground at depths wherein the average
depth is d1; and a second plurality of concrete piles which includes 10% and less than 50% of

20

the tangent concrete piles and having a shaft of a helical pile secured therewithin, wherein
each helical pile has a bottom portion having helical flights for screwing the helical pile into
the ground, wherein each helical pile is set into the ground to a depth of at least about 2m
below d1, and wherein the helical flights of each helical pile is exposed to the soil around it.
In accordance with an aspect of at least one embodiment, there is provided a pile shoring wall

25

comprising an array of concrete piles formed in the ground at depths, wherein the average
depth is d1, and arranged such that each concrete pile is substantially tangent to two adjacent
concrete piles, wherein between 10% and 50% of the concrete piles are cast around a shaft of
a helical pile, wherein each helical pile has a set of helical flights set into the ground below
the concrete pile, and wherein a toe of each helical pile is at a depth of at least 2m below d1.

3
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In accordance with an aspect of at least one embodiment, there is provided a method of
constructing a pile shoring wall, comprising: forming a plurality of tangent concrete piles in
the ground and along an edge of an area that is to be excavated to an excavation depth,
comprising: forming a plurality of first concrete piles in the ground at depths wherein the
5

average depth is d1; and forming a plurality of second concrete piles which includes 10% and
less than 50% of the tangent concrete piles, wherein forming each second concrete pile
comprises: forming a bore hole in the ground, the bore hole having a bottom at a depth below
ground surface level that is deeper than the excavation depth; installing a helical pile into
ground material below the bottom of the bore hole, such that a shaft of the helical pile

10

protrudes upwardly from the ground material and into the bore hole; and at least partially
filling the bore hole with concrete such that the concrete fills around the protruding shaft of
the helical pile and forms a column of concrete defining one of the second concrete piles.
BRIEF DESCRIPTION OF THE DRAWINGS
The instant disclosure will now be described by way of example only, and with reference to

15

the attached drawings, which are not drawn to scale and are intended to be illustrative only,
and in which:
FIG. 1 is a simplified flow diagram for a method of forming a shoring wall according to an
embodiment.
FIGS. 2A-2C show a plan view and cross-sectional views of a first excavation site prior to

20

being excavated.
FIGS. 3A-3C show a plan view and cross-sectional views of the first excavation site after
digging a first plurality of bore holes.
FIGS. 4A-4C show a plan view and cross-sectional views of the first excavation site after
filling the first plurality of bore holes with concrete.

25

FIGS. 5A-5C show a plan view and cross-sectional views of the first excavation site after
digging a second plurality of bore holes in an alternating sequence with the first plurality of
bore holes.

4
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FIGS. 6A-6C show a plan view and cross-sectional views of the first excavation site after
installing helical piles in some of the second plurality of bore holes.
FIGS. 7A-7C show a plan view and cross-sectional views of the first excavation site after
filling the second plurality of bore holes with concrete to form a completed shoring wall.
5

FIGS. 8A-8C show a plan view and cross-sectional views of the first excavation site after
excavating the area bounded by the completed shoring wall.
FIG. 9 is a simplified flow diagram for a method of forming a shoring wall according to an
embodiment.
FIGS. 10A-10D show a plan view and cross-sectional views of a second excavation site prior

10

to being excavated.
FIGS. 11A-11D show a plan view and cross-sectional views of the first excavation site after
digging a first plurality of bore holes.
FIGS. 12A-12D show a plan view and cross-sectional views of the first excavation site after
installing helical piles in some of the first plurality of bore holes.

15

FIGS. 13A-13D show a plan view and cross-sectional views of the first excavation site after
filling the first plurality of bore holes with concrete.
FIGS. 14A-14D show a plan view and cross-sectional views of the first excavation site after
digging a second plurality of bore holes in an alternating sequence with the first plurality of
bore holes.

20

FIGS. 15A-15D show a plan view and cross-sectional views of the first excavation site after
installing helical piles in some of the second plurality of bore holes.
FIGS. 16A-16D show a plan view and cross-sectional views of the first excavation site after
filling the second plurality of bore holes with concrete to form a completed shoring wall.
FIGS. 17A-17D show a plan view and cross-sectional views of the first excavation site after

25

excavating the area bounded by the completed shoring wall.
5
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FIGS. 18A-18C show non-limiting examples of different shoring wall configurations that do
not fully enclose an excavation site.
FIGS. 19A-19D show non-limiting examples of helical pile placement options in a portion of
a straight section of a shoring wall.
5

DETAILED DESCRIPTION
While the present teachings are described in conjunction with various embodiments and
examples, it is not intended that the present teachings be limited to such embodiments. On
the contrary, the present teachings encompass various alternatives and equivalents, as will be
appreciated by those of skill in the art. All statements herein reciting principles, aspects, and

10

embodiments of this disclosure, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivalents as well as equivalents developed
in the future, i.e., any elements developed that perform the same function, regardless of
structure.

15

As used herein, the terms "first," "second," and so forth are not intended to imply sequential
ordering, but rather are intended to distinguish one element from another, unless explicitly
stated. Similarly, sequential ordering of method steps does not imply a sequential order of
their execution, unless explicitly stated.
As used herein, the term “tangent” is defined as touching or nearly touching but not

20

intersecting. “Tangent concrete piles” and similar terms are used to indicate an arrangement
in which the outside surfaces of adjacent concrete piles touch or nearly touch but do not
intersect.

Concrete piles that nearly touch may have a space of about 2.5 cm or less

therebetween, preferably 1.5 cm or less therebetween, and more preferably 1 cm or less
therebetween. In a constructed shoring wall according to an embodiment, some pairs of
25

adjacent concrete piles may touch one another whilst other pairs of adjacent concrete piles
may nearly touch one another. Further, a minor portion (e.g., < 15%, preferably < 10% and
more preferably <5%) of the concrete piles may be spaced from one or both adjacent concrete
piles, along at least a portion of a length thereof, by a distance that is greater than 2.5 cm, e.g.,

6

File No. 328-11 CA

Patent

due to imprecise bore hole drilling and/or inadvertent formation of void spaces when the bore
holes are being filled with concrete, without departing from the scope of the invention.
Referring now to FIG. 1, shown is a simplified flow diagram of a method of forming a
shoring wall according to an embodiment. The method may be used in a variety of situations
5

involving a deep excavation, including excavation projects in constrained sites, excavation
projects that extend close to a property line, and/or excavation projects that are adjacent to an
existing structure, etc. In addition, the method may be used in areas in which the water table
is too high to permit the use of traditional tangent or secant walls.
A shoring wall constructed according to the method of FIG. 1 includes two types of tangent

10

concrete piles, in particular i) a first type of concrete pile that does not have a shaft of a
helical pile embedded therewithin, and ii) a second type of concrete pile, which is between
about 10% and about 50% of the total number of tangent concrete piles, and which has a shaft
of a helical pile embedded therewithin. The helical pile is set into ground material below the
second concrete piles, thereby increasing resistance when the site is excavated on one side of

15

the shoring wall.
By way of some specific and non-limiting examples, each one of the first type of concrete
piles and each one of the second type of concrete piles may have an outside diameter between
about 18 cm and about 36 cm, preferably between about 24 cm and about 30 cm. The length
(measured vertically) or the depth to which each of the concrete piles is formed depends on

20

the nature of the excavation that is being performed as well as the ground conditions at the
excavation site. For instance, each one of the first type of concrete piles and each one of the
second type of concrete piles may be formed in a bore hole having a bottom that is at least
about 1m below the planned excavation level and at least about 1 m to about 1.5 m above the
water table height. In addition, each helical pile may be set into the ground and exposed to

25

the surrounding soil to a depth of about 2 m to about 3 m. Each helical pile may have a shaft
that extends upwardly from the bottom of the bore hole by about 3.5 m to about 6 m. Other
dimensions may be used, depending on the soil conditions and other requirements of a
particular project.
At step 100, a plurality of substantially vertical first bore holes are formed in the ground and

30

extending to a depth that is below the planned excavation depth. The first bore holes are
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formed along an edge of an area that is to be excavated. More particularly, the first bore holes
are spaced apart one from another by a distance that can accommodate another similar sized
bore hole therebetween in a touching or near touching relationship therewith. Preferably, a
sacrificial guide wall is constructed at ground level and used to ensure that the first bore holes
5

are formed with the correct spacing therebetween.
At step 102 each of the first bore holes is filled with concrete, either to approximately the
ground surface level or to another predetermined level above or below the ground surface
level. As will be apparent to one of ordinary skill in the art, suitable forms can be used to
extend the level of the concrete above the ground surface level. Known techniques may be

10

used to fill the first bore holes, such as for instance pouring the concrete into the first bore
holes or pumping the concrete through a hose to the base of the bore holes.
The concrete in the first bore holes is then allowed to cure at step 104. After curing, the
hardened concrete in each of the first bore holes forms one concrete pile of the first type of
concrete piles of the shoring wall, i.e., a concrete pile without a shaft of a helical pile

15

embedded therein. Preferably, the concrete has a compressive strength of 5 MPa to 20 MPa.
At step 106 a plurality of second bore holes is formed, such that one second bore hole is
disposed between each pair of previously formed first bore holes. Preferably, the sacrificial
guide wall is used to ensure proper location of each of the second bore holes. The second
bore holes may extend to substantially the same depth as the first bore holes, or the second

20

bore holes may be deeper or shallower than the first bore holes. For simplicity, it is assumed
that the first bore holes and second bore holes are formed to an average depth d1, and it is
further assumed that any variation of the depth of individual bore holes from the average
depth d1 is not relevant to the principles discussed herein.
Referring now to step 108, a helical pile is installed within at least some of the plurality of

25

second bore holes. The helical piles may be installed using a standard tracked or wheeled
excavator with a torque motor attachment, which monitors the torque achieved during
installation to verify the design. Generally, the helical pile comprises a hollow tubular shaft
fabricated from steel or another suitable material. A lower portion of the shaft has helical
flights that are designed to pull the helical pile into the ground material, without augering,

30

when the helical pile is rotated about a longitudinal axis along the length of the shaft. As

8
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such, the ground material remains substantially in place and is not pulled up into the bore hole
when the helical pile is being installed. The lower portion of the shaft is open and terminates
in an angled pilot point, which assists in advancing the helical pile into the ground during
rotation. Ground material fills the interior of the shaft as the helical pile advances. The upper
5

portion of the shaft remains protruding out of the ground material at the bottom of the bore
hole after the helical pile has been installed. Preferably, the upper portion of the shaft
includes features that increase contact between the helical pile and the concrete when the bore
hole is filled. For instance, the shaft may have a plurality of through holes between the
interior and exterior of the shaft. Further, the shaft may have a textured outer surface, or the

10

shaft may have features such as rods or plates that extend away from the shaft and become
embedded in the concrete when the bore hole is filled.
At step 110 the second bore holes are filled with concrete, either to approximately the ground
surface level or to another predetermined level. Suitable forms can be used to extend the level
of the concrete above the ground surface level. Known techniques may be used to fill the

15

bore holes, such as for instance pouring the concrete or pumping the concrete through a hose
to the base of the bore holes.
After curing, the hardened concrete in each second bore hole that has a shaft of a helical pile
therewithin forms one concrete pile of the second type of concrete piles. On the other hand,
after curing, the hardened concrete in each second bore hole that does not have a shaft of a

20

helical pile therewithin, if any, forms one concrete pile of the first type of concrete piles.
Preferably, the concrete that is used to form the second concrete piles has a compressive
strength of 5 MPa to 20 MPa.
In combination, the concrete piles of the first type of concrete piles and the concrete piles of
the second type of concrete piles form a tangent shoring wall in which the concrete piles are

25

touching or nearly touching. The method that has been described with reference to FIG. 1
may be implemented with numerous modifications without departing from the scope of the
instant invention. Several non-limiting examples of possible shoring wall configurations and
helical pile placements are discussed below in more detail.
FIGS. 2A-2C through FIGS. 8A-8C illustrate the steps of the method shown in FIG. 1, using

30

the example of a shoring wall having a generally rectangular footprint around an excavation

9
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area 200. With specific reference to FIG. 2A, shown is a plan view of an excavation site prior
to the excavation area 200 being excavated. FIGS. 2B and 2C are cross-sectional views taken
along the lines B—B and C—C in FIG. 2A, respectively. The dot-dash line “P” in FIGS. 2B
and 2C corresponds to the plane “P” in FIG. 2A, which is aligned with the edge of the dashed
5

line rectangle enclosing the excavation area 200. As shown in FIGS. 2B and 2C, the ground
surface “G” is substantially level. The height of the water table in the excavation area 200 is
denoted in FIGS. 2B and 2C by the dashed line “W.”
Referring now to FIG. 3A, shown is a plan view of the excavation site with a template for
forming first bore holes 300 and second bore holes 302a and 302b around the perimeter of a

10

dashed line rectangle, which encloses the excavation area 200. As shown in FIG. 3B, the first
bore holes (which are shown using solid lines in FIG. 3A) have been formed to a depth that is
shallower than the water table height W but deeper than the required excavation depth (not
indicated). As shown in FIG. 3C, the second bore holes 302a and 302b (which are shown
using dashed lines in FIG. 3A) have not been formed. As will be apparent, a guide wall

15

structure or other physical template built at the ground surface level facilitates planning and
placement of the first bore holes 300 and the second bore holes 302a and 302b, such that the
concrete piles formed therein are touching or nearly touching in the finished shoring wall.
Referring now to FIG. 4A, shown is a plan view of the excavation site after the first bore
holes 300 have been filled with concrete, as indicated by the diagonal fill lines in the

20

drawings. As discussed with reference to step 102 of FIG. 1, the first bore holes 300 may be
filled using any suitable technique, including pouring the concrete into the bore holes 300 or
pumping the concrete to the bottom of the bore holes 300 using a hose. A suitable concrete
mixture may be selected by one of ordinary skill in the art to achieve a final cured concrete
pile having desired properties. Preferably, the concrete that is used to fill the bore holes 300

25

has a compressive strength of 5 MPa to 20 MPa. As shown in FIG. 4B, the bore hole 300
may be filled between the bottom 400 thereof to approximately the ground surface level G.
Optionally, the bore hole 300 is filled to a level that is below the ground surface level G.
Further optionally, forms are placed above ground surface level G to extend the concrete
above ground surface level G. As discussed with reference to step 104 of FIG. 1, the concrete

30

in each of first bore holes 300 hardens to define a corresponding concrete pile 402 of the first
type of concrete piles.
10
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Referring now to FIG. 5A, shown is a plan view of the excavation site after the second bore
holes 302a and 302b have been formed, as indicated by using solid lines instead of dashed
lines. As shown in FIGS. 5B and 5C, the second bore hole 302a is formed to a depth that is
similar to the depth of the first bore hole 300, such that the bottom 500 of the second bore
5

hole 302a is approximately at the same depth below ground surface level G as the bottom 400
of the first bore hole 300 (i.e., the above-mentioned average depth d1). As shown in FIG. 5A
the perimeter of each second bore hole 302a and 302b is tangent to, i.e., touching or nearly
touching, the perimeter of two adjacent first bore holes 300. The bore holes 302a and 302b
are substantially identical to one another.

10

Referring now to FIG. 6A, shown is a plan view of the excavation site after helical piles 600
have been installed within the second bore holes 302a, but not within the second bore holes
302b. As shown in FIG. 6C, the helical pile 600 is installed such that helical flights arranged
along the lower portion of the shaft are embedded into the ground material below the bottom
500 of the second bore hole 302a. In this example, the lower portion of the installed helical

15

pile 600 is disposed below the water table level W. Advantageously, the helical pile 600 is
installed by rotating the shaft thereof so as to cause the helical flights to advance into the
ground material below the bottom 500 of the second bore hole 302a.
Referring now to FIG. 7A, shown is a plan view of the excavation site after the second bore
holes 302a and 302b have been filled with concrete, as indicated by the diagonal fill lines in

20

the drawings. As discussed with reference to step 110 of FIG. 1, the second bore holes 302a
and 302b may be filled using any suitable technique, including pouring the concrete into the
bore holes 302a and 302b or pumping the concrete to the base of the bore holes 302a and
302b using a hose. A suitable concrete mixture may be selected by one of ordinary skill in the
art to achieve a final cured concrete pile having desired properties. Preferably, the concrete

25

that is used to fill the bore holes 302a and 302b has a compressive strength of 5 MPa to 20
MPa.
FIG. 7C shows that the bore hole 302a may be filled between the bottom 500 thereof to
approximately the ground surface level G. Optionally, the bore hole 302a is filled to a level
that is below the ground surface level G. Further optionally, forms are used above ground

11

File No. 328-11 CA

Patent

surface G to extend the concrete in the bore hole 302a above ground level. The bore holes
302b may be filled in a similar fashion.
After hardening, the concrete in each of second bore holes 302a having a shaft of a helical
pile therewithin defines a corresponding concrete pile 700 of the second type of concrete
5

piles. On the other hand, the hardened concrete within each second bore hole 302b that does
not have a shaft of a helical pile therewithin forms a corresponding concrete pile 402 of the
first type of concrete piles. In other words, the concrete piles 402 that are formed within the
second bore holes 302b are substantially identical to the concrete piles 402 that are formed
within the first bore holes 300.

10

Referring now to FIGS. 8A-8C, the use of helical piles 600 in the second bore holes 302a
gives the finished shoring wall greater strength by increasing resistance below the excavation
level “E.” This increased resistance is achieved without forming the second bore holes 302a
to a deeper depth, which in the instant example would require digging an open hole into
water-saturated ground material below the water table level W. As will be apparent to one of

15

ordinary skill in the art, digging an open hole into ground water containing soil is problematic
since the soil tends to comprise fine or granular particles and is prone to collapsing into the
bore hole.
Referring now to FIG. 9, shown is a simplified flow diagram of another method of forming a
shoring wall according to an embodiment. The method may be used in a variety of situations

20

involving a deep excavation, including excavation projects in constrained sites, excavation
projects that extend close to the property line, and/or excavation projects that are adjacent to
existing structures, etc. In addition, the method may be used in areas in which the water table
is too high to permit the use of traditional tangent or secant walls.
A shoring wall constructed according to the method of FIG. 9 includes two types of tangent

25

concrete piles, in particular i) a first type of concrete pile that does not have a shaft of a
helical pile embedded therewithin, and ii) a second type of concrete pile, which is between
about 10% and about 50% of the total number of tangent concrete piles, and which has a shaft
of a helical pile embedded therewithin. The helical pile is set into ground material below the
second concrete piles, thereby increasing resistance when the site is excavated on one side of

30

the shoring wall.
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By way of some specific and non-limiting examples, each one of the first type of concrete
piles and each one of the second type of concrete piles may have an outside diameter between
about 18 cm and about 36 cm, preferably between about 24 cm and about 30 cm. The length
(measured vertically) or the depth to which each of the concrete piles is formed depends on
5

the nature of the excavation that is being performed as well as the ground conditions at the
excavation site. For instance, each one of the first type of concrete piles and each one of the
second type of concrete piles may be formed in a bore hole having a bottom that is at least
about 1m below the planned excavation level and at least about 1 m to about 1.5 m above the
water table height. In addition, each helical pile may be set into the ground and exposed to

10

the surrounding soil to a depth of about 2 m to about 3 m. Each helical pile may have a shaft
that extends upwardly from the bottom of the bore hole by about 3.5 m to about 6 m. Other
dimensions may be used, depending on the soil conditions and other requirements of a
particular project.
At step 900, a plurality of substantially vertical first bore holes are formed in the ground and

15

extending to a depth that is below the planned excavation depth. The first bore holes are
formed along an edge of an area that is to be excavated. More particularly, the first bore holes
are spaced apart one from another by a distance that can accommodate another similar sized
bore hole therebetween and in a touching or near touching relationship therewith. Preferably,
a sacrificial guide wall is be constructed at ground level and used to ensure that the first bore

20

holes are formed with the correct spacing therebetween.
At step 902 a helical pile is installed within at least some of the plurality of first bore holes.
The helical piles may be installed using a standard tracked or wheeled excavator with a torque
motor attachment, which monitors the torque achieved during installation to verify the design.
Generally, the helical pile comprises a hollow tubular shaft fabricated from steel or another

25

suitable material. A lower portion of the shaft has helical flights that are designed to pull the
helical pile into the ground material, without augering, when the helical pile is rotated about a
longitudinal axis along the length of the shaft.

As such, the ground material remains

substantially in place and is not pulled up into the bore hole when the helical pile is being
installed. The open lower portion of the shaft terminates in an angled pilot point, which
30

assists in advancing the helical pile into the ground during rotation. Ground material fills the
interior of the shaft as the helical pile advances into the earth. The upper portion of the shaft
13
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remains protruding out of the ground material at the bottom of the bore hole after the helical
pile has been installed. Preferably, the upper portion of the shaft includes features that
increase the contact between the helical pile and the concrete when the bore hole is filled. For
instance, the shaft may have a plurality of through holes to provide fluid communication
5

between the interior and exterior of the shaft. Further, the shaft may have a textured outer
surface, or the shaft may have features such as rods or plates that extend away from the shaft
and become embedded in the concrete when the bore hole is filled.
At step 904 each of the first bore holes is filled with concrete, either to approximately the
ground surface level or to another predetermined level above or below the ground surface

10

level. As will be apparent to one of ordinary skill in the art, suitable forms can be used to
extend the level of the concrete above the ground surface level. Known techniques may be
used to fill the first bore holes, such as for instance pouring the concrete into the first bore
holes or pumping the concrete through a hose to the base of the bore holes.
The concrete in the first bore holes is allowed to cure at step 906. After curing, the hardened

15

concrete in each first bore hole that has a shaft of a helical pile therewithin forms one concrete
pile of the second type of concrete piles. On the other hand, after curing, the hardened
concrete in each first bore hole that does not have a shaft of a helical pile therewithin, if any,
forms one concrete pile of the first type of concrete piles. Preferably, the concrete that is used
to form the second concrete piles has a compressive strength of 5 MPa to 20 MPa.

20

At step 908 a plurality of second bore holes is formed such that one second bore hole is
formed between each pair of previously formed first bore holes. Preferably, the sacrificial
guide wall is used to ensure proper location of each of the second bore holes. The second
bore holes may extend to substantially the same depth as the first bore holes, or the second
bore holes may be deeper or shallower than the first bore holes. For simplicity, it is assumed

25

that the first bore holes and second bore holes are formed to an average depth d1, and it is
further assumed that any variation of the depth of individual bore holes from the average
depth is not relevant to the principles discussed herein.
Referring now to step 910, a helical pile is installed within at least some of the plurality of
second bore holes in a manner similar to that used to install the helical piles within at least

30

some of the plurality of first bore holes as discussed with reference to step 902.
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At step 912 the second bore holes are filled with concrete, either to approximately the ground
surface level or to another predetermined level. In a manner similar to that used to fill the
first bore holes with concrete as discussed with reference to step 904.
After curing, the hardened concrete in each second bore hole that has a shaft of a helical pile
5

therewithin forms one concrete pile of the second type of concrete piles. On the other hand,
after curing, the hardened concrete in each second bore hole that does not have a shaft of a
helical pile therewithin, if any, forms one concrete pile of the first type of concrete piles.
Preferably, the concrete that is used to form the second concrete piles has a compressive
strength of 5 MPa to 20 MPa.

10

In combination, the concrete piles of the first type of concrete piles and the concrete piles of
the second type of concrete piles form a tangent shoring wall in which the concrete piles are
touching or nearly touching. The method that has been described with reference to FIG. 9
may be implemented with numerous modifications without departing from the scope of the
instant invention. Several non-limiting examples of possible shoring wall configurations and

15

helical pile placements are discussed below in more detail.
FIGS. 10A-10D through FIGS. 17A-17D illustrate the steps that are shown in FIG. 9, using
the example of a shoring wall having a generally rectangular footprint around an excavation
area 250. With specific reference to FIG. 10A, shown is a plan view of an excavation site
prior to the excavation area 250 being excavated. FIGS. 10B, 10C and 10DC are cross-

20

sectional views taken along the lines B—B, C—C and D—D in FIG. 10A, respectively. The
dot-dash line “P” in FIGS. 10B, 10C and 10D corresponds to the plane “P” in FIG. 10A,
which is aligned with the edge of the dashed line rectangle enclosing the excavation area 250.
As is shown in FIGS. 10B, 10C and 10D, the ground surface “G” is substantially level. The
height of the water table below the excavation area 250 is denoted in FIGS. 2B, 2C and 2D by

25

the dashed line “W.”
Referring now to FIG. 11A, shown is a plan view of the excavation site with a template for
forming first bore holes 350a and 350b and second bore holes 352a and 352b around the
perimeter of a dashed line rectangle, which encloses the excavation area 250. As shown in
FIG. 11B and 11D, the first bore holes 350a and 350b (which are shown using solid lines in

30

FIG. 11A) have been formed to a depth that is shallower than the water table height W but
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deeper than the required excavation depth of the excavation area 250. As shown in FIG. 11C,
the second bore holes 352a and 352b (which are shown using dashed lines in FIG. 11A) have
not been formed. As will be apparent, a guide wall structure or other physical template
facilitates the planning and placement of the first bore holes 350a and 350b and the second
5

bore holes 352a and 352b, such that the concrete piles formed therein are touching or nearly
touching in the finished shoring wall.
Referring now to FIG. 12A, shown is a plan view of the excavation site after helical piles 600
have been installed within the first bore holes 350a, but not within the first bore holes 350b.
As shown in FIG. 12D, the helical pile 600 is installed such that helical flights arranged along

10

the lower portion of the shaft are embedded into the ground material below the bottom 450 of
the first bore hole 350a. In this example, the lower portion of the installed helical pile 600 is
disposed below the water table level W. Advantageously, the helical pile 600 is installed by
rotating the shaft thereof so as to cause the helical flights to advance into the ground material
below the bottom 450 of the first bore hole 350a. FIG. 12B shows one of the first bore holes

15

350b in which a helical pile is not being installed.
Referring now to FIG. 13A, shown is a plan view of the excavation site after the first bore
holes 350a and 350b have been filled with concrete, as indicated by the diagonal fill lines in
the drawings. As discussed with reference to step 904 of FIG. 9, the first bore holes 350a and
350b may be filled using any suitable technique, including pouring the concrete into the first

20

bore holes 350a and 350b or pumping the concrete to the bottom of the first bore holes 350a
and 350b using a hose. A suitable concrete mixture may be selected by one of ordinary skill
in the art in order to achieve a final cured concrete pile having desired properties. Preferably,
the concrete that is used to fill the first bore holes 350a and 350b has a compressive strength
of 5 MPa to 20 MPa. As shown in FIGS. 13B and 13D, the first bore holes 350a and 350b

25

may be filled between the bottom 450 thereof to approximately the ground surface level G.
Optionally, the first bore holes 350a and 350b are filled to a level that is below the ground
surface level G. Further optionally, forms are placed above ground surface level G to extend
the column of concrete in the first bore holes 350a and 350b above ground surface level G.
After curing, the hardened concrete in each first bore hole 350a that has a shaft of a helical

30

pile 600 therewithin forms one concrete pile 750 of the second type of concrete piles. Since

16

File No. 328-11 CA

Patent

the concrete fills in around the shaft of the helical pile 600, as shown in FIG. 13D, a secure
connection is formed between the shafts of the helical pile 600 and the first concrete piles 750
of the second type of concrete piles after the concrete has hardened. On the other hand, after
curing, the hardened concrete in each first bore hole 350b that does not have a shaft of a
5

helical pile 600 therewithin forms one concrete pile 452 of the first type of concrete piles.
Referring now to FIG. 14A, shown is a plan view of the excavation site after the second bore
holes 352a and 352b have been formed, as indicated using solid lines instead of dashed lines.
As shown in FIGS. 14B-D, the second bore hole 352a is formed to a depth similar to the
depth of the first bore holes 350a and 350b, such that the bottom 550 of the second bore hole

10

352a is approximately at the same depth below ground surface level G as the bottoms 450 of
the first bore holes 350a and 350b (i.e., the above-mentioned average depth d1). As shown in
FIG. 14A the perimeter of each of the second bore holes 352a and 352b is tangent to, i.e.,
touching or nearly touching, the perimeter of two adjacent first bore holes 350a or 350b. The
bore holes 352a and 352b are substantially identical to one another.

15

Referring now to FIG. 15A, shown is a plan view of the excavation site after helical piles 600
have been installed within the second bore holes 352a, but not within the second bore holes
352b. As shown in FIG. 15C, the helical pile 600 is installed such that helical flights arranged
along the lower portion of the shaft are embedded into the ground material below the bottom
550 of the second bore hole 352a. In this example, the lower portion of the installed helical

20

pile 600 is disposed below the water table level W. Advantageously, the helical pile 600 is
installed by rotating the shaft thereof so as to cause the helical flights to advance into the
ground material below the bottom 550 of the second bore hole 352a.
Referring now to FIG. 16A, shown is a plan view of the excavation site after the second bore
holes 352a and 352b have been filled with concrete, as indicated by the diagonal fill lines in

25

the drawings. As discussed with reference to step 912 of FIG. 9, the second bore holes 352a
and 352b may be filled using any suitable technique, including pouring the concrete into the
bore holes 352a and 352b or pumping the concrete to the base of the bore holes 352a and
352b using a hose. A suitable concrete mixture may be selected by one of ordinary skill in the
art to achieve a final cured concrete pile having desired properties. Preferably, the concrete

30

that is used to fill the bore holes 352a and 352b has a compressive strength of 5 MPa to 20
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MPa. FIG. 16C shows the bore hole 352a may be filled between the bottom 550 thereof to
approximately the ground surface level G. Optionally, the bore hole 352a is filled to a level
that is below the ground surface level G. Further optionally, forms are used above ground
surface G to extend the column of concrete in the bore hole 352a above ground level. The
5

bore holes 352b may be filled in a similar fashion.
After curing, the hardened concrete in each second bore hole 352a that has a shaft of a helical
pile 600 therewithin forms one concrete pile 750 of the second type of concrete piles. Since
the concrete fills in around the shaft of the helical pile 600, as shown in FIG. 16D, a secure
connection is formed between the shafts of the helical pile 600 and the first concrete piles 750

10

of the second type of concrete piles after the concrete has hardened. On the other hand, after
curing, the hardened concrete in each second bore hole 352b that does not have a shaft of a
helical pile 600 therewithin forms one concrete pile 452 of the first type of concrete piles.
Referring now to FIGS. 17A-17D, the use of helical piles 600 in the first bore holes 350a and
in the second bore holes 352a gives the finished shoring wall greater strength by increasing

15

resistance below the excavation level “E.” This increased resistance is achieved without
forming the first bore holes 350a and 350b or second bore holes 352a and 352b to a deeper
depth, which in the instant example would require digging an open hole into water-saturated
ground material below the water table level W. As will be apparent to one of ordinary skill in
the art, digging an open hole into ground water containing soil is problematic since the soil

20

tends to comprise fine or granular particles and is prone to collapsing into the bore hole.
Referring now to FIGS. 18A-C, shown are various non-limiting examples of shoring wall
configurations that may be formed in accordance with an embodiment, in addition to the
closed rectangular footprint discussed supra. FIG. 18A illustrates a substantially rectangular
shaped shoring wall that is open along one side thereof. FIG. 18B illustrates a zig-zag shaped

25

shoring wall. FIG. 18C illustrates a substantially linear shoring wall. In general, shoring
walls having other closed (i.e., circular, triangular, etc.) shapes may be constructed and
shoring walls having other open shapes, with linear and/or curved portions, may be
constructed without departing from the scope of the invention. In addition, shoring walls
having other patterns of placement of the first type of concrete piles 402/452 and second type
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of concrete piles 700/750 may formed without departing from the scope of the instant
invention.
Referring now to FIGS. 19A-19D, shown are various non-limiting patterns for placing helical
piles 600 along lengths of a shoring wall constructed according to an embodiment, resulting in
5

different patterns of the placement of the first type of concrete piles 402/452 and second type
of concrete piles 700/750. FIGS. 19A-19D show linear shoring wall sections, however the
same principles may be adapted to other shoring wall configurations. For instance, FIG. 19A
shows a shoring wall section having a higher concentration of second type of concrete piles
700/750 in a central portion thereof. Such a pattern may be desirable if an adjacent structure

10

is located near the central portion of the shoring wall. FIG. 19B-19D show simple patterns in
which every nth concrete pile has a helical pile 600 therewithin, i.e., it is a concrete pile
700/750 of the second type, wherein for instance the value of n is to be determined depending
on the soil conditions etc. In FIGS. 19B-19D, n = 2, 3, and 4, respectively. In general, the
second type of concrete piles 700/750 includes 10% and less than 50% of the tangent concrete

15

piles in a finished pile shoring wall according to an embodiment.
Throughout the description and claims of this specification, the words “comprise”,
“including”, “having” and “contain” and variations of the words, for example “comprising”
and “comprises” etc., mean “including but not limited to”, and are not intended to, and do not
exclude other components.

20

It will be appreciated that variations to the foregoing embodiments of the disclosure can be
made while still falling within the scope of the disclosure. Each feature disclosed in this
specification, unless stated otherwise, may be replaced by alternative features serving the
same, equivalent or similar purpose. Thus, unless stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features.

25

All of the features disclosed in this specification may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually exclusive. In
particular, the preferred features of the disclosure are applicable to all aspects of the
disclosure and may be used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).
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CLAIMS

What is claimed is:
1. A pile shoring wall formed in the ground and comprising tangent concrete piles, the tangent
concrete piles comprising:
5

a first plurality of concrete piles in the ground at depths wherein the average depth is
d1; and
a second plurality of concrete piles which includes 10% and less than 50% of the
tangent concrete piles and having a shaft of a helical pile secured therewithin, wherein each
helical pile has a bottom portion having helical flights for screwing the helical pile into the

10

ground, wherein each helical pile is set into the ground to a depth of at least about 2m below
d1, and wherein the helical flights of each helical pile is exposed to the soil around it.
2. A pile shoring wall as defined in claim 1, wherein each concrete pile having a helical pile
therewithin is spaced by one or more concrete piles without a helical pile therewithin.

15
3. A pile shoring wall as defined in claim 2, wherein the concrete piles of the first plurality of
concrete piles and the concrete piles of the second plurality of concrete piles are arranged to
form a pattern.
20

4. A pile shoring wall as defined in claim 3, wherein the pattern repeats along a length of the
shoring wall.
5. A pile shoring wall as defined in claim 1, wherein the pile shoring wall is comprised of at
least three wall portions defining a perimeter wall.

25
6. A pile shoring wall as defined in claim 1, wherein the pile shoring wall is comprised of at
least four wall portions defining a perimeter wall having a closed shape.
7. A pile shoring wall as defined in claim 5, wherein a region inside the perimeter has been
30

excavated to an excavation depth thereby exposing a portion of a length of the tangent
concrete piles, wherein at least about 1 m of each of the tangent concrete piles is below the
excavation depth.
20
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8. A pile shoring wall as defined in claim 7 wherein the tangent concrete piles have a diameter
of between about 18 cm and about 36 cm and wherein each pile is no more than about 2.5 cm
from an adjacent pile.
5
9. A pile shoring wall comprising an array of concrete piles formed in the ground at depths,
wherein the average depth is d1, and arranged such that each concrete pile is substantially
tangent to two adjacent concrete piles, wherein between 10% and 50% of the concrete piles
are cast around a shaft of a helical pile, wherein each helical pile has a set of helical flights set
10

into the ground below the concrete pile, and wherein a toe of each helical pile is at a depth of
at least 2m below d1.
10. A pile shoring wall as defined in claim 9, wherein each concrete pile that is cast around a
helical pile is spaced from a next concrete pile that is cast around a helical pile by one or more

15

concrete piles without a helical pile therewithin.
11. A pile shoring wall as defined in claim 9, wherein the pile shoring wall is comprised of at
least three wall portions defining a perimeter wall.

20

12. A pile shoring wall as defined in claim 9, wherein the pile shoring wall is comprised of at
least four wall portions defining a perimeter wall having a closed shape.
13. A pile shoring wall as defined in claim 11, wherein a region inside the perimeter has been
excavated to an excavation depth thereby exposing a portion of a length of the tangent

25

concrete piles, wherein at least about 1 m of each of the tangent concrete piles is below the
excavation depth.
14. A pile shoring wall as defined in claim 13 wherein the tangent concrete piles have a
diameter of between about 18 cm and about 36 cm and wherein each pile is no more than

30

about 2.5 cm from an adjacent pile.
15. A method of constructing a pile shoring wall, comprising:
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forming a plurality of tangent concrete piles in the ground and along an edge of an
area that is to be excavated to an excavation depth, comprising:
forming a plurality of first concrete piles in the ground at depths wherein the
average depth is d1; and
5

forming a plurality of second concrete piles which includes 10% and less than
50% of the tangent concrete piles, wherein forming each second concrete pile
comprises:
forming a bore hole in the ground, the bore hole having a bottom at a
depth below ground surface level that is deeper than the excavation depth;

10

installing a helical pile into ground material below the bottom of the
bore hole, such that a shaft of the helical pile protrudes upwardly from the
ground material and into the bore hole; and
at least partially filling the bore hole with concrete such that the
concrete fills around the protruding shaft of the helical pile and forms a column

15

of concrete defining one of the second concrete piles.
16. The method as defined in claim 15, wherein forming each first concrete pile comprises:
forming a bore hole in the ground, the bore hole having a bottom at the depth d1 below
ground surface level; and

20

absent a step of installing a helical pile into ground material below the bottom of the
bore hole, at least partially filling the bore hole with concrete such that the concrete forms a
column of concrete defining one of the first concrete piles
17. The method as defined in claim 16, wherein installing the helical pile into ground material

25

below the bottom of the bore hole comprises rotating the helical pile about a longitudinal axis
thereof until a toe of the helical pile is at least about 2 m below d1.
18. The method as defined in claim 16, wherein each second concrete pile is spaced from a
next second concrete pile by one or more first concrete piles.

30
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19. The method as defined in claim 16, wherein forming the plurality of tangent concrete piles
comprises forming at least three wall portions defining a perimeter wall.
20. The method as defined in claim 16, wherein forming the plurality of tangent concrete piles
5

comprises forming at least four wall portions defining a perimeter wall having a closed shape.
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Section 1.0: FeCMPile (M.H. Rating 8/10 Very Good Revenue Potential)

The Footprint Engineering Combined Modulus Pile (FeCMPile) is a method of forming an elongated
support column in the ground. Specifically, our method comprises of drilling a hole of a predetermined
depth and diameter.

The bottom of the drilled hole is then filled with 3 to 8 feet of gravel. A hollow driving tube with several
pre-cut holes at the bottom near a welded end cap is then used to compress the ground below the
gravel as it is inserted into the drilled hole with the gravel below the column to secure the driving tube
in place. Essentially, the base and shaft friction are mobilized together in “drill open soil” conditions.
Once the driving tube is secured in place and plumbed, liquid concrete is then poured into the top end
of the driving tube. The concrete that accumulates at the bottom end of the driving tube then passes
through the radial apertures onto exposed gravel and into a space between a wall of the drilled hole
and the exterior wall of the driving tube.

This then unifies the driving tube and gravel, thus allowing it to be considered as a single entity which
is friction fit into the hole. As such, the pile is robust to pull-out, and superior in down load resistance
as greater shearing forces at the hole/pile, and pipe/gravel interfaces combine to move as one
combined modulus unit. This then ensures that capacities in the range of 100-250 tons are achieved.

Section 1.1: FeCMPile RSS
The recommended procedure for the implementation and forming of an elongated support
column in the ground, otherwise known as the FeCMPile is outlined below.
1-Drilling
First, a hole that is 2 feet plus the pipe diameter (12-18 inches) is to be drilled into dry ground. The
extra 2 feet is so that gravel can be inserted into the hole so that, when tapped and compressed, the
gravel will secure the pipe in place and have it plumb (correctly oriented) as it's forced against the
walls and bottom of the hole as the pipe is inserted.

2-Clean Hole
Using auger set to high rpm spinning, clean the bottom of the hole.
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3-Hole Filling
With pipe pre-prepared and hole drilled, fill hole with 3-6 feet of self-compacting gravel.

4-Preparing Pipe
Before placing the 12-18 inch (with 0.3-0.5 inch wall thickness) pipe in the ground the following must
be done:
4-1. Using a cutting torch, cut 3-5 round holes into the pipe near the bottom 8-12 inches of the pipe.
These holes are cut to allow for the slump (wet concrete) to be poured into the unit. Depending upon
the length of the pipe, and environmental considerations, holes can be cut all the length up the pipe.
4-2. Weld flat plate end cap (14-20 inch diameter range) to bottom of the pipe.
5-Placing Pipe in Ground:

5-1. Secure pre-prepared (holes cut, end cap welded on) pipe to crane to lower it into the hole.
5-2. Using the crane, and the end cap+pipe weight, tap the pipe into the gravel, allowing it to go about
2 feet into the hole with each tap and ensuring it remains properly oriented each tap. Repeat until the
pipe is securely in place, with the gravel being tightly packed against the walls and bottom of the hole.
Level out the pipe and plumb it. It is recommended that wooden wedges be used to to fix the top of
the unit in place.

6-Concrete Mixing
With the pipe secured in place, using concrete mix selected by the project engineer, mix dry
components of the concrete mix in the back of a concrete mixing truck, and pour in liquid constituents
that have been mixed separately until desired concrete composition is achieved. Though the concrete
mixture is up to the discretion of the on-site engineer, we recommend using a 30 MPa (megapascal)
concrete mix.

7-Tremi
Once the pipe is securely in place in the hole and plumbed, the pipe can be released from the crane.
Once the pipe has been released from the crane, back mixing truck up to pipe with desired concrete
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mixture such that slump (wet concrete) can be poured directly into the top of the pipe. For this step,
we recommend pouring in 6 inches of a wet 30 MPa (megapascal) concrete mix though the amount,
and concrete mixture are up to the engineer overseeing the project. When pouring the slump (wet
concrete) into the pipe, ensure that minimal to no contact is made between the hole walls and
concrete mix and it is recommended that manual shoveling be used to divert any of the slump (wet
concrete) that makes contact, or appears as though it will make contact with the walls of the hole.

8-Soil
Once concrete has been poured to the desired level in the pipe, allow for concrete to dry. Once the
concrete has dried, it is recommended that two load tests be performed, using a hydraulic jack, to
gauge how secure the pipe is in the hole through the friction fitting with the pipe relative to the
compacted gravel, and the compacted gravel relative to the walls of the hole. The following procedure
is recommended to determine the loading values to use for the two tests:

1. Calculate perimeter area of the shaft from bottom of gravel to top of the concrete (since this area
should be circular, the area should be calculated according to Area = pi x radius2 )

2. Determine the anticipated live, and dead loads (this will be determined by the project engineer).
Here, we recommend that the dead loads be determined according to:
A) For installations in engineered fills: Dead Load = 500 pounds/square foot x Combined
Shaft Area (measured in square feet)
B) For installations in native soils: Dead Load = 1500 pounds/square foot x Combined
Shaft Area (measured in square feet)

3. With the live and dead loads and area now determined, test load the combined shaft (pipe,
concrete, gravel embedded in hole) for the live, and dead load cases according to:
A) Live Load Test: Load = Live Load Value x 1.5
B) Dead Load Test = Dead Load Value x 1.3
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Section 1.2: FeCMPile CAD Illustrations
A sketch depicting a typical FeCMPile unit can be seen below.
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