I*I Innovation, Sciences et Innovation, Science and CA 3060640 C 2022/08/16

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 060 640
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépébt/Filing Date: 2014/11/25 (51) ClInt./Int.Cl. £E04G 17/06 (2006.01),
cn : : . E04B 2/86 (2006.01), F16B 5/00(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2015/06/18 F16L 59/12(2006.01)
(45) Date de délivrance/lssue Date: 2022/08/16 ]
(72) Inventeur/Inventor:
(62) Demande originale/Original Application: 2 933 332 FODERBERG, JOEL, US
(30) Priorités/Priorities: 2013/12/13 (US61/915,675); (73) Propriétaire/Owner:
2014/04/30 (US14/265,931) ICONX, LLC, US

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : SYSTEME DE CHAINAGE POUR PANNEAUX DE BETON ISOLES
(54) Title: TIE SYSTEM FOR INSULATED CONCRETE PANELS

(57) Abrégé/Abstract:

Insulated concrete panels are known in the construction industry. Disclosed is an concrete panel having an insulation layer
containing a tie opening extending therethrough. First and second concrete layers disposed on generally opposite sides of said
insulation layer; and a tie system having a hub portion at least partly received in said tie opening. A first end section at least partly
embedded in said first concrete layer, and a second end section at least partly embedded in said second concrete layer. The tie
system is capable of shifting from a collapsed configuration, in which a maximum width the said first and second end sections is
less than a maximum width of said tie opening, to an expanded configuration, in which the maximum width of said first and second
end sections is greater than the maximum width of said tie opening.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



ABSTRACT

Insulated concrete panels are known in the construction industry. Disclosed is an
concrete panel having an insulation layer containing a tie opening extending
therethrough. First and second concrete layers disposed on generally opposite sides of
said insulation layer; and a tie system having a hub portion at least partly received in
said tie opening. A first end section at least partly embedded in said first concrete layer,
and a second end section at least partly embedded in said second concrete layer. The
tie system is capable of shifting from a collapsed configuration, in which a maximum
width the said first and second end sections is less than a maximum width of said tie
opening, to an expanded configuration, in which the maximum width of said first and

second end sections is greater than the maximum width of said tie opening.
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TIE SYSTEM FOR INSULATED CONCRETE PANELS

This application is a division of Canadian Application Serial No. 2933332 filed
November 25, 2014. ’

RELATED APPLICATION

[0001] This non-provisional patent application claims priority benefit, with regard
to all common subject matter, of earlier-filed U.S. Provisional Patent Application No.
61/915,675, filed December 13, 2013, and entitled “TIE SYSTEM FOR INSULATED
CONCRETE PANELS.”

FIELD OF THE INVENTION

[0002] Embodiments of the present invention are direct generally to a new tie
system and method for making insulated concrete panels. More specifically,
embodiments of the present invention are directed to using the new tie system to more
effectively and efficiently manufacture improved insulated concrete panels.

BACKGROUND OF THE INVENTION

[0003] Insulated concrete panels are well known in the construction industry.
Such concrete panels are generally formed with insulation layers sandwiched between
top and bottom concrete layers. To secure the concrete layers to the insulation layers,
connectors (otherwise known as “ties”) may be used. The ties will connect the two
concrete layers together through the insulation layer. As such, the ties hold the
components of the insulated concrete panels together and also provide a mechanism
whereby loads can be transferred between the concrete layers.

[0004] Depending on the application, the ties may be formed in various shapes
and from various materials. In the past, metals, such as iron or steel, have been used to
form such ties. However, metals are high thermal conductors and, as such, permit
undesirable thermal conduction through the concrete layers. Furthermore, the insulation
layer that receives such ties will usually be formed with holes for receiving the ties.
Often, such holes are formed much larger than the ties themselves. Such a mismatch
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between the size of the ties and the holes further decreases the thermal efficiency of the
concrete wall panels.

[0005] Based on design considerations, the size (e.g., the thickness) of the
insulation layers used in the insulated concrete panels may vary widely. For example,
construction of a single building may require a plurality of different types of insulated
concrete panels to be used, with each panel having a different insulation layer size. In
more detail, a building may require that its exterior walls be constructed from insulated
concrete panels having a very thick insulation layer, so as to reduce heat transfer
to/from the ambient. Contrastingly, the building may have interior walls that are required
to be constructed from insulated concrete panels having an insulation layer with a
reduced thickness. Such an insulation layer with a reduced thickness may be used
because the interior walls may not need to restrict heat transfer as much as the exterior
walls. However, incorporating insulated concrete panels with insulation layers having
varying sizes necessarily requires the use of ties of varying sizes. Specifically, thicker
insulation layers require the use of larger ties, while thinner insulation layers require the
use of smaller ties. The need to use varying sizes of ties can increase the complexity
and decrease the efficiency of construction processes in building projects.

[0006] Accordingly, there is a need in the industry for a tie for an insulated
concrete panel that provides the necessary strength for building applications, while at
the same time, provides enhanced thermal insulation. Furthermore, there is a need for a
single tie that is capable of being used with insulated concrete panels having insulation

layers of various sizes.

SUMMARY OF THE INVENTION

[0007] In one embodiment of the present invention, there is provided a tie
system for an insulated concrete panel. The tie system comprises a first structural
member including a first hub and a pair of first extension members coupled to the first
hub, with the first extension members extending outwardly from the first hub in generally
opposite directions. The tie system further comprises a second structural member
including a second hub and a pair of second extension members coupled to the second
hub, with the second extension members extending outwardly from the second hub in
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generally opposite directions. As such, the first and second hubs are configured to be
rotatably coupled to one another in a manner that permits rotation of the first and
second hubs relative to one another on an axis of rotation extending through the first
and second hubs. Furthermore, when the first and second hubs are rotatably coupled to
one another the tie system is shiftable between a collapsed configuration and an
expanded configuration by rotating the first and second structural members relative to
one another on the axis of rotation.

[0008] In another embodiment of the present invention, there is provided an
insulated concrete panel comprising an insulation layer with a tie opening extending
therethrough, first and second concrete layers disposed on generally opposite sides of
the insulation layer, and a tie system. The tie system comprises a hub portion at least
partly receive in the tie opening, a first end section at least partly embedded in the first
concrete layer, and a second end section at least partly embedded in the second
concrete layer. The tie system is capable of shifting from a collapsed configuration, in
which a maximum width of the first and second end sections is less than a maximum
width of the tie opening, to an expanded configuration, in which the maximum width of
the first and second end sections is greater than the maximum width of the tie opening.

[0009] In yet another embodiment of the present invention, there is provided a
method of making an insulated concrete panel. The method includes an initial step of
creating a tie opening that extends through an insulation layer. A next step includes
inserting an expandable tie system into the tie opening. Thereafter, while the tie system
is received in the tie opening and with opposite end sections of the tie system extending
out of the tie opening, a next step includes shifting the tie system into an expanded
configuration where a maximum width of the tie system is greater than a maximum
width of the tie opening. Finally, while the tie system is in the expanded configuration, a
layer of concrete is formed on each side of the insulation layer so that opposite end
sections of the tie system are embedded in the opposite layers of concrete, thereby
physically coupling the layers of concrete to one another using the tie system.

[0010] This summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the detailed description. This
summary is not intended to identify key features or essential features of the claimed
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subject matter, nor is it intended to be used to limit the scope of the claimed subject
matter. Other aspects and advantages of the present invention will be apparent from the
following detailed description of the embodiments and the accompanying drawing
figures.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Embodiments of the present invention are described herein with
reference to the following drawing figures, wherein:

[0012] FIG. 1 is top perspective view of a tie system in an assembled
configuration according to embodiments of the present invention;

[0013] FIG. 2 is bottom perspective view of the tie system of FIG. 1 in the
assembled configuration;

[0014] FIG. 3 is a bottom perspective view of the tie system of FIGS. 1-2 in the
assembled configuration and having a first structural member and a second structural
member, with the tie system being shown in a first and second rotational position, and
with the second structural member being shown in dashed-line in the second rotational
position;

[0015] FIG. 4 is a side perspective view of the tie system of FIGS. 1-3 in a
disassembled configuration;

[0016] FIG. 5 is a top perspective view of the tie system of FIGS. 1-4 in a
disassembled configuration;

[0017] FIG. 6 is a bottom perspective view of the tie system of FIGS. 1-5 in a
disassembled configuration;

[0018] FIG. 7 is an illustration of the tie system of FIGS. 1-6 in a collapsed
configuration and prepared for insertion into a tie opening of an insulation layer;

[0019] FIG. 8 is an illustration of the tie system of FIGS. 1-6 in a collapsed
configuration and inserted into the tie opening of the insulation layer from FIG. 7, with a
portion of the insulation layer removed at a horizontal cross-section for clarity;

[0020] FIG. 9 is an additional illustration of the tie system of FIGS. 1-6 in a
collapsed configuration and inserted into the tie opening of the insulation layer from
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FIGS. 7-8, with a portion of the insulation layer removed at a vertical cross-section for
clarity;

[0021] FIG. 10 is an illustration of the tie system of FIGS. 1-6 in an expanded
configuration and inserted into the tie opening of the insulation layer from FIGS. 7-9,
with a portion of the insulation layer removed at a horizontal cross-section for clarity;

[0022] FIG. 11 is an additional illustration of the tie system of FIGS. 1-6 in an
expanded configuration and inserted into the tie opening of the insulation layer from
FIGS. 7-10, with a portion of the insulation layer removed at a vertical cross-section for
clarity;

[0023] FIG. 12 is an illustration of an insulated concrete panel formed from an
insulation layer, a top layer of concrete, a bottom layer of concrete, and a plurality of the
tie systems from FIGS. 1-6;

[0024] FIG. 13 is a flow chart illustrative of a method for making an insulated
concrete panel according to embodiments of the present invention;

[0025] FIG. 14 is a bottom exploded view of an additional embodiment of a tie
system in a disassembled configuration according to embodiments of the present
invention, with the tie system having extension members and hubs, and with the
extension members being separable from the hubs; and

[0026] FIG. 15 is top exploded view of the tie system of FIG. 14 in a
disassembled configuration.

[0027] The drawing figures do not limit the present invention to the specific
embodiments disclosed and described herein. The drawings are not necessarily to
scale, emphasis instead being placed upon clearly illustrating the principles of the
invention.

DETAILED DESCRIPTION

[0028] The following detailed description of the present invention references
various embodiments. The embodiments are intended to describe aspects of the
invention in sufficient detail to enable those skilled in the art to practice the invention.
Other embodiments can be utilized and changes can be made without departing from
the scope of the present invention. The following detailed description is, therefore, not to
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be taken in a limiting sense. The scope of the present invention is defined only by the
appended claims, along with the full scope of equivalents to which such claims are
entitled.

[0029] As will be described in more detail below, FIGS. 1-12 show an
embodiment of the invention where structural members of a tie system are integrally
formed of a single material having a low thermal conductivity, such as non-metallic
composite material. Alternatively, FIGS. 14-15 show an embodiment of the invention
where structural members of a tie system are formed of two different materials, such as
a first material having a high thermal conductivity (e.g., steel) and a second material
having a low thermal conductivity (e.g., a non-metallic composite material). The single-
material tie system of FIG. 1-12 will be described first, followed by a description of the
multi-material tie system of FIGS. 14-15.

[0030] Nevertheless, in this description, references to “one embodiment,” “an
embodiment,” or “embodiments” mean that the feature or features being referred to are
included in at least one embodiment of the technology. Separate references to “one
embodiment,” “an embodiment,” or “embodiments” in this description do not necessarily
refer to the same embodiment and are also not mutually exclusive unless so stated
and/or except as will be readily apparent to those skilled in the art from the description.
For example, a feature, structure, act, etc. described in one embodiment may also be
included in other embodiments, but is not necessarily included. Thus, the present
technology can include a variety of combinations and/or integrations of the
embodiments described herein.

Single-Material Tie System

[0031] With reference to FIGS. 1-6, embodiments of the present invention include
a tie system 10 for use in forming an insulated concrete panel. The tie system 10
includes a first structural member 12 comprising a first hub 14 and a pair of first
extension members 16 coupled to said first hub 14, such that the first extension
members 16 extend outwardly from the first hub 14 in generally opposite directions. The
tie system 10 further includes a second structural member 18 comprising a second hub
20 and a pair of second extension members 22 coupled to the second hub 20, such that
the second extension members 22 extend outwardly from the second hub 20 in
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generally opposite directions. The first and second hubs 14, 20 are configured to be
rotatably coupled to one other (when coupled together the hubs 14, 20 may define a
hub portion) in a manner that permits rotation of the first and second structural members
12, 18 relative to one another about an axis of rotation 23 (See FIGS. 1-2) extending
through the first and second hubs 14, 20. In more detail, as illustrated by FIGS. 4-6, the
hub 14 of the first structural member 12 may be equipped with a hub projection 24, and
the hub 20 of the second structural member 18 may be equipped with a hub recess 26.
Embodiments provide for the hub projection 24 to be received within the hub recess 26
so as to rotatably couple the first and second structural members 12, 18 together. Such
a configuration provides for the tie system 10 to be capable of shifting between a
collapsed configuration and an expanded configuration (as will be discussed in more
detail below) by rotating the first and second structural members 12, 18 relative to one
another about the axis of rotation 23.

[0032] The tie system 10, as described above, is further operable to be
configured in an assembled and disassembled configuration. In FIGS. 1-3, the tie
system 10 is shown in the assembled configuration, where the first and second
structural members 12, 18 are rotatably coupled to one another in a scissor-like
configuration. As illustrated in FIG. 3, when the tie system 10 is assembled, the first and
second structural members 12, 18 can rotate relative to one another on an axis of
rotation that extends through the coupled first and second hubs 14, 20. This manner of
rotatably coupling the first and second structural members 12, 18 gives the tie system
10 the scissor-like configuration. As used herein, the term “scissor-like configuration”
means a configuration of two elongated components, where the elongated components
are rotatably coupled to one another at a connection location that is spaced from ends
of both the elongated components, so that expansion or contraction of the ends of the
components on one side of the connection location causes corresponding expansion or
contraction of the ends of the components on the other side of the connection location.
FIGS. 4-6 show the tie system 10 in a disassembled configuration, where the first and
second structural members 12, 18 are not coupled to one another.

[0033] As illustrated in the drawings, certain embodiments provide for the first
and second structural members 12, 18 to each have substantially the same shape.
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Furthermore, each of the first and second structural members 12, 18 may be
substantially symmetrical about the axis of rotation 23. In some embodiments, the first
and second structural members 12, 18 may each have a length of between 3 to 18
inches, between 4 to 15 inches, between 5 to 12 inches, or between 6 to 9 inches.
Additionally, in some embodiments, the first and second structural members 12, 18 may
each have a width of between 1 to 6 inches, between 2 to 5 inches, or between 3 to 4
inches. Finally, in some embodiments the hubs 14, 20 will have a width (e.g., an outer
diameter) of between 1 to 12 inches, between 2 to 6 inches, between 2.5 to 4 inches, or
between 2.75 to 3.25 inches.

[0034] As best illustrated in FIG. 4, each of the first and second structural
members 12, 18 of the tie system 10 presents an inwardly-facing side 30 and an
outwardly-facing side 32, with the inwardly and outwardly-facing sides 30, 32 of each
structural member 12, 18 facing an opposite direction. In the assembled configuration of
FIGS. 1-3, such as when said first and second hubs 14, 20 are rotatably coupled to one
another, the inwardly-facing sides 30 of the first and second structural members 12, 18
engage one another.

[0035] Returning to FIGS. 4-6, the hub 14 of the first structural member 12 may
be formed with the hub projection 24 and the hub 20 of the second structural member
18 may be formed with the hub recess 26. The hub projection 24 may extend from a
portion of the inwardly-facing side 30 of the first structural member 12. In some
embodiments, the hub projection 24 may form at least a portion of the inwardly-facing
side 30 of the first structural member 12. Contrastingly, the hub recess 26 penetrates
within the second hub 20 from the inwardly-facing side 30 of the second structural
member 18. In some embodiments, the hub recess 26 extends through an entire width
of the second hub 20, such that the hub recess 26 presents an opening through the
second hub 20. Embodiments provide for the hub projection 24 and the hub recess 26
to be complementary sized, such that the hub projection 24 can be received within the
hub recess 26 in the assembled configuration, such as shown in FIGS. 1-3. For
example, in some embodiments, the hub projection 24 has a cross-sectional area of
0.1, 0.25, 0.5, 0.75, 1, or more square inches. Similarly, the hub recess 26 may present
a cross-sectional open area of at least 0.1, 0.25, 0.5, 0.75, 1, or more square inches. As
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such, the tie system 10 can be assembled by inserting the hub projection 24 into the
hub recess 26. In such an assembled configuration, the receipt of the hub projection 24
in the hub recess 26 inhibits translation of the first and second structural members 12,
18, while permitting rotation of the first and second structural members 12, 18 relative to
one another on the axis of rotation 23.

[0036] As best illustrated in FIGS. 4-6, embodiments of the present invention
further provide for each of the first and second structural members 12, 18 to include a
plurality of radially-extending ribs 34 extending about at least a portion of the inwardly-
facing sides 30 of the members’ hubs 14, 20. With particular reference to FIG. 4, each
of the ribs 34 is separated by a gap 36. In the assembled configuration, such as when
said first and second hubs 14, 20 are rotatably coupled to one another, the ribs 34 of
the first structural member 12 are configured to engage within the gaps 36 of the
second structural member 18, and the ribs 34 of the second structural member 18 are
configured to engage within the gaps 36 of the first structural member 12. As such, the
ribs 34 and gaps 36 are configured engage with each other so as to hold the first and
second structural members 12, 18 relative to one another in a plurality of different
rotational positions. As such, the first and second structural members 12, 18 may be
“locked” in various relative rotational positions. Such a configuration provides for a
single tie system 10 to be used with insulation layers of varying sizes (e.g., varying
thicknesses). It is understood that a greater number of ribs 34 facilitates the first and
second structural members 12, 18 to be held in a correspondingly greater number of
different rotational positions. Certain embodiments may provide for each of the first and
second structural members 12, 18 to inciude between 10 and 200 ribs 34, between 20
and 100 ribs 34, or between 40 and 60 ribs 34. As will be discussed in more detail
below, in addition to the ribs 34 and gaps 36, certain embodiments will provide for the
first and second structural members 12, 18 to be held in a plurality of different rotational
positions via positioning nubs and corresponding positioning notches.

[0037] As shown in FIGS. 1-6, each of the first and second hubs 14, 20 includes
a barrier 38 extending generally perpendicularly from a portion of the hubs’ outwardly-
facing sides 32. In some embodiments, the barriers 38 may present a rounded outer
profile that forms at least a portion of the outwardly-facing sides 32. The barriers 38 may
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each comprise a substantially planar member having two substantially flat sides. As
such, the barriers 38 may each have the general shape of a half disk. In other
embodiments, the barriers 38 may each have the general shape of a half sphere.

[0038] In some embodiments, as best illustrated in FIGS. 5-6, the first and
second extension members 16, 22 will each comprise a main sidewall 40 and a
perimeter wall 42. The perimeter sidewalls 42 may extend away from the outwardly-
facing sides 32 of their respective extension member 16, 22. Furthermore, in some
embodiments, the perimeter sidewalls 40 may be generally perpendicular to their
respective main sidewall 40. As such, the main sidewall 40 and perimeter sidewall 42 of
each of the first and second extension members 16, 22 present an open void 44
bounded by the sidewalls 40, 42.

[0039] As shown in FIGS. 1-2, embodiments further provide for the first and
second extension members 16, 22 to each comprise an enlarged end portion 50, with
the end portions 50 including oppositely facing heel portions 52 and toe portions 54. In
some embodiments, the end portions 50 will include an end wall 56 that extends from
the inwardly-facing side 30 of the first and second extension members 16, 22. The end
walls 56 of each of the first and second extension members 16, 22 are configured to
facilitate receipt of concrete when portions of the first and second extension members
16, 22 are embedded in concrete (as discussed in more detail below), so as to prevent
pullout of the tie system 10 from the concrete. In other embodiments (not shown in the
figures), each end portion 50 may further comprise a holding aperture extending
through a thickness of the end portion 50. As such, the holding apertures may be
configured to receive concrete when the end portions 50 are embedded in concrete, so
as to prevent pullout of the tie system 10 from the concrete.

[0040] Turning to FIG. 3, the tie system 10, as described above, is capable of
being held in a plurality of different rotational positions. For example, FIG. 3 illustrates
the tie system 10 in an expanded configuration, i.e., with both the first and second
structural members 12, 18 in solid-line. Alternatively, FIG. 3 also illustrates the tie
system 10 in a partially-collapsed configuration, i.e., with the first structural member 12
in solid line and-the second structural member 18 in dashed-line. As will be discussed in
more detail below, in a collapsed configuration, the tie system 10 can be inserted into
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an opening formed in an insulation layer used in an insulated concrete panel. After the
tie system 10 has been inserted in the opening of the insulation layer, the tie system
can be transitioned to the expanded configuration where concrete can be poured about
the tie system 10 and the insulation layer for manufacturing the insulated concrete
panel.

[0041] The first and second structural members 12, 18 of the tie system 10 can
be supplied to an insulated concrete panel maker (e.g., a “pre-caster”) in the
disassembled configuration (i.e., with the first and second structural members 12, 18
decoupled from one another). In general, a plurality of the tie systems 10 can used by
the panel maker to rigidly connect two layers of concrete that have an insulation layer,
such as an expanded or extruded polystyrene board, positioned between the concrete
layers. In other embodiments, insulation layers can be formed from expanded
polystyrene, polyisocyanurate, expanded polyethylene, extruded polyethylene, or
expanded polypropylene. To initiate manufacture of the insulated concrete panel, the
panel maker can select the unassembled first structural member 12 and the second
structural member 18 and then connect them to one another, as previously described,
by inserting the hub projection 24 of the first structural member 12 into the hub recess
26 of the second structural member 18.

[0042] As illustrated by FIG. 7, once the tie system 10 is assembled, it can be
prepared for insertion into a tie opening 60 that has been formed in an insulation layer
62 (e.g., a panel or a board) so as to manufacture an insulated concrete panel. The tie
opening 60 may be substantially cylindrical and may be formed using a hand drill and a
core bit. However, embodiments may provide for the tie opening 60 to have other
shapes and to be formed from other methods. Prior to insertion into the tie opening 60,
the tie system 10 is shifted into a collapsed configuration, where a width Wc between
adjacent end portions 50 of each of the first and second extensions members 16, 22 is
minimized to be less than a width Wo of the tie opening 60 and/or less than a width of
the hubs 14, 20 of the structural members 12, 18. As best illustrated by FIGS. 8-9, when
the tie system 10 is in the collapsed configuration, it can then be inserted into tie
opening 60 of the insulation layer 62 until the hubs 14, 20 of the tie system are
substantially centered in the tie opening 60.
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[0043] As illustrated by FIGS. 10-11, once the hubs 14, 20 of the tie system 10
are received in the tie opening 60, the tie system 10 can be shifted into the expanded
configuration. As shown in FIG. 10, in the expanded configuration, a width We between
the adjacent end portions 50 of each of the first and second extension members 16, 22
is maximized to be greater than the width Wo of the tie opening 60 (see FIG. 7) and/or
greater than the width of the hubs 14, 20. In certain embodiments, a ratio of We to Wc
of the tie system 10 is at least 1.2:1, 1.5:1, 2:1, or 3:1. As such, shifting of the tie system
10 from the collapsed configuration to the expanded configuration increases a
maximum width of the tie system 10 and decreases a maximum length of the tie system
10. As such, when the tie system 10 is in the collapsed configuration a maximum width
of the tie system 10 is less than a maximum width of the first and second hubs 14, 20
and the tie opening 60, and when the tie system 10 is in the expanded configuration the
maximum width of the tie system 10 is greater than the maximum width of the first and
second hubs 14, 20 and the tie opening 60.

[0044] As best illustrated in FIGS. 9 and 11, in certain embodiments, the tie
system 10 may be described as having first and second end sections 64, 66. The first
end section 64 may comprise one of the end portions 50 of the first extension member
16 and the adjacent end portion 50 of the second extension member 22. Similarly, the
second end section 66 may comprise the other end portion 50 of the first extension
member 16 and the adjacent end portion 50 of the second extension members 22.
Given such definitions, the width of the first and second end sections 64, 66 are defined
as the width Wc when the tie system is in the collapsed configuration, and the width of
the first and second end sections 64, 66 are defined as the width We when the tie
system 10 is in the expanded position. As such and in the expanded configuration,
maximum widths of the first and second end sections 64, 66 are each greater than the
maximum width of the tie opening 60, and in the collapsed configuration, maximum
widths of the first and second end sections 64, 66 are each less than the maximum
width of the tie opening 60.

[0045] As illustrated in FIG. 10, in the expanded configuration, the end portions
50 of the extension members 16, 22 engage the insulation layer 62 in four contact
locations 68 located outside of, but proximate to, the tie opening 60. Two of these
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contact locations 68 are on one side of the insulation layer 62 and the other two of the
contact locations 68 are on the opposite side of the insulation layer 62. As previously
described, the end portions 50 of each extension member 16, 22 are enlarged relative
intermediate portions of the extension members 16, 22. Such an enlargement provides
for the heel 52 to engage a surface of the insulation layer 62 and the toe 54 to extend
outwardly from the surface of the insulation layer 62.

[0046] In certain embodiments, as shown in FIGS. 10-11, the rounded outer
profiles of the barriers 38 of each of the hubs 14, 20 substantially conform to a cross-
sectional shape of the tie opening 60. When the tie system 10 is received in the tie
opening 60 and placed in the expanded configuration, the hubs 14, 20, including the
barriers 38, fill up a substantial portion of the cross-sectional area of the tie opening 60.
Such filling up being due, in part, to the barriers 38 of the first and second hubs 14, 20
being more closely aligned with one another when the tie system 10 is in said expanded
configuration (i.e., FIGS. 10-11) than when the tie system 10 is in said collapsed
configuration (i.e., FIGS 8-9). In certain embodiments, the hubs 14, 20, including the
barriers 38, fill at least 70%, 80%, 90%, or 100% of the cross-sectional area of the tie
opening 60 when the tie system 10 is in the expanded configuration. By filling up a
substantial portion of the cross-section area of the tie opening 60, the barriers 38 are
configure to thermally isolate layers of concrete that will be placed on opposite sides of
the insulation layer 62.

[0047] To further enhance the thermal isolation properties of thé tie system 10, it
is preferred for the barriers 38, the hubs 14, 20, and/or the entire tie system 10 to be
formed of, or coated with, a material having a thermal conductivity that is less than
steel, preferably less than concrete. For instance, the barriers 38, the hubs 14, 20,
and/or the entire tie system 10 may be formed of, or coated with, a material having a
thermal conductivity less than 10, 5, 1, 0.5, or 0.1 W/(m.K). In some embodiments, the
barriers 38, the hubs 14, 20, and/or the entire tie system 10 may formed from a
synthetic resin, such as an epoxy. In further embodiments, the synthetic resin may
include reinforcing fibers, such as glass fibers and/or carbon fibers.

[0048] As llustrated in FIG. 12, after the tie system 10 has been inserted into a
tie opening 60 of an insulation layer 62, and after the tie system 10 has been shifted into
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the expanded configuration so as to engage the insulation layer 62, an insulated
concrete panel 70 can be manufacture by pouring top and bottom concrete layers 72,
74 on opposite sides of the insulation layer 62. The insulated concrete panel can have a
variety of sizes. For some insulated concrete panels, tie systems 10 will be positioned
throughout the insulated concrete panels approximately every 8 to 10 square feet (FIG.
12 may not be drawn to scale, but is provided for illustration of an insulated concrete
panel having a plurality tie systems 10 included therein). In some cases of high loading,
the tie systems 10 will need to be positioned closer together. Typical insulated concrete
panels can include between 10 to 100, between 20 to 80, or between 25 to 40 tie
systems 10 within each insulated concrete panel. The tie systems 10 can be aligned
along a longitudinal or transverse direction of the insulated concrete panel 70 or at any
other angle as deemed necessary by an engineer. In other embodiments, outer panels
76, such as facades may be positioned exterior of the top and bottom layers of concrete
72,74.

[0049] With continued reference to FIG. 12, to form the insulated concrete panel
70, the bottom layer of concrete 74 is poured in a concrete form. Immediately following
pouring the bottom layer of concrete 74, the insulation layer 62 with tie systems 10
coupled thereto can be lowered into engagement with the bottom layer of concrete 74.
The end portions 50 of the tie systems 10 that extend down from a bottom surface of
the insulation layer 62 become inserted into and embedded in the bottom layer of
concrete 74. The bottom surface of the insulation layer 62 may be inserted within at
least a top surface of the bottom layer of concrete 74. Reinforcement in the form of
rebar, steel mesh, or prestress strand may also be inserted into the bottom layer of
concrete 74. In some cases the tie systems 10 may need to be turned in the tie opening
60 or even relocated a few inches away, so as to avoid contact with any such
reinforcements. The tie system 10 may be flexible enough to accommodate such
turning and/or relocation.

[0050] Subsequent to placing the insulation layer 62 and tie systems 10 on
and/or in the bottom layer of concrete 74, the top layer of concrete 72 can be poured on
a top surface of the insulation layer 62. When the top layer of concreted 72 is poured,
the end portions 50 of the tie systems 10 that extend up from the top surface of the
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insulation layer 62 become embedded in the top layer of concrete 72. During pouring of
the top layer of concrete 72, the barriers 38 of the tie systems 10 inhibit passage of
concrete from the top layer 72 entirely through the tie opening 60 in the insulation layer
62 and into contact with the bottom layer of concrete 74. As such, a continuous air void
can be maintained in the tie opening 60, above the bottom layer of concrete 74 and
below the barriers 38. In some embodiments, however, at least a portion of the tie
opening 60 will be filled with concrete from the first and/or second layers of concrete 72,
74. Nevertheless, embodiments provide for at least 10%, 20%, 30%, or 40% of a
volume of the tie opening 60 to be filled with the air void. Such an air void improves
thermal isolation between the top and bottom layers of concrete 72, 74, even with such
top and bottom layers 72, 74 being indirectly connected via the tie systems 10.

[0051] As such, embodiments of the present invention include an insulated
concrete panel 70 comprising: an insulation layer 62 with a tie opening 60 extending
therethrough, first and second concrete layers 72, 74 disposed on generally opposite
sides of the insulation layer 62, and at least one tie system 10 interconnecting the
concrete layers. As discussed above, the tie system 10 may comprise: hubs 14, 20
(coliectively, a “hub portion”) at least partly receive in the tie opening 60 of the insulation
layer 62, a first end section 64 at least partly embedded in the first concrete layer 72,
and a second end section 66 at least partly embedded in the second concrete layer 74,
with the tie system 10 being capable of shifting from a collapsed configuration, in which
a maximum width Wc of the first and second end sections 64, 66 is less than a
maximum width Wo of the tie opening 60, to an expanded configuration, in which the
maximum width We of the first and second end sections 64, 66 is greater than the
maximum width Wo of the tie opening 60.

[0052] Thus, as illustrated in FIG. 13, embodiments of the present invention
include a method 1300 of making an insulated concrete panel. The method 1300
includes the initial Step 1302 of creating a tie opening that extends through an insulation
layer. A next Step 1304 includes inserting an expandable tie system into the tie
opening. Thereafter, in Step 1306, while the tie system is received in the tie opening
and with opposite ends of the tie system extending out of the tie opening, shifting the tie
system into an expanded configuration where a maximum width of the tie system is
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greater than a maximum width of the tie opening. In final Step 1308, while the tie
system is in the expanded configuration, a layer of concrete is formed on each side of
the insulation layer so that opposite end portions of the tie system are embedded in the
opposite layers of concrete, thereby physically coupling the layers of concrete to one
another using the tie system. Once the top and bottom layers of concrete 72, 74 have at
least partially cured, the concrete form(s) (if used) can be removed and the concrete
insulation panel 70 is prepared to be lifted and or shipped to a jobsite for installation.

[0053] As illustrated in the drawings, the tie systems 10 are generally formed so
as to present an “X” shape with an intersection of the X-shape being located at the hubs
14, 20. The “X” shape of the tie systems 10 allows for the tie systems 10 to effectively
transfer shear forces between the layers of concrete 72, 74 without deforming the
insulation layer 62 therebetween. As such, the resulting insulated concrete panel 70 is
configured as a composite panel. The tie system 10 is also configured to act as a
tension member that will prevent the top and bottom layers of concrete 72, 74 from
delamination during lifting and shipping. Further, as mentioned, the insulated concrete
panel 70 can be reinforced with rebar, steel mesh, post tension cables, priestess strand,
or a combination of reinforcement as needed by the particular job requirements so as to
further reinforce the insulated concrete panel 70.
Multi-Material Tie Device and System

[0054] Embodiments of the present invention provide for an additional
embodiment of a tie system, which is illustrated as tie system 80 in FIGS. 14-15. The
additional tie system 80 functions in substantially the same manner as the tie system 10
depicted in FIGS. 1-13; however, each structural member 12, 18 of the additional tie
system 80 is formed from more than one material. In more detail, in the additional tie
system 80 depicted in FIGS. 14-15, a material of construction of each of the tie system’s
80 hubs 14, 20 is different that a material of construction of each of the extension
members 16, 22. Specifically, the extension members 16, 22 may be separable from the
hubs 14, 20, respectively.

[0055] For example, each of the extension members 16, 22 may include a base
82 comprising extension connection elements 84. In certain embodiments, such
connection elements 84 of the extension members 16, 22 will further include protrusions
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88 (See FIG. 15). Correspondingly, each of the hubs 14, 20 may include connection
elements 86. Such connection elements 86 of the hubs 14, 20 may be formed with
cavities 90 (See FIG. 14). In such embodiments, the protrusions 88 may be configured
to be received within the cavities 90, such that the extension members 16, 22 can be
removable secured to the hubs 14, 20.

[0056] Given the above, each of the extension members 16, 22 can be formed of
a material of high thermal conductivity (e.g., steel), while each of the hubs 14, 20 can be
formed of a material of low thermal conductivity (e.g., a synthetic resin or fiber-
reinforced composite material). Such a configuration allows for an ultra-high strength,
thermally conductive material to be used for the extension members 16, 22 (for
transmitting shear forces though a relatively small section), and for a thermally
insulating material to be used for the hubs 14, 20 (for inhibiting heat transfer). In certain
embodiments, the high strength material (e.g., steel) used for the extension members
16, 22 will provide for the tie systems 80 to have a tensile strength of at least 10,000
psi. The insulating material used for the hubs 14, 20 may include a synthetic resin, such
as an epoxy. In some embodiments, a ratio of the thermal conductivity of the material
used in the extension members 16, 22 to the material used for the hubs 14, 20 can be
at least 2:1, at least 5:1, at least 10:1, or at least 50:1. For instance, the thermal
conductivity of the extension members 16, 22 can be at least 1, at least 5, at least 10, or
at least 20 W/(m.K), while the thermal conductivity of the hubs 14, 20 can be less than
5, less than 2, less than 1, less than 0.5, or less than 0.1 W/(m.K).

[0057] As shown in FIGS. 14-15, the inwardly-facing side 30 of the first structural
member 12 can include one or more positioning nubs 92 (See FIG. 14), while the
inwardly facing side 30 of the second structural member 18 can be configured with a
plurality of spaced-apart positioning notches 94 (See FIG. 15). The positioning notches
94 are sized and located to receive the positioning nubs 92 as the first and second
structural members 12, 18 are rotated relative to one another. When the positioning
nubs 92 are received in the positioning notches 94, relative rotation of the first and
second structure members 12, 18 is inhibited. As with the previously-described ribs 34,
having a plurality of positioning notches 94 at different locations enables the first and
second structural members 12, 18 of the additional tie system 80 to be “locked” in
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various relative rotational positions. As such, the additional tie system 80 can be used
with insulation layers of varying thickness.

[0058] In certain embodiments, the extension members 16, 22 are manufactured
first and then placed in a mold for connection with the hubs 14, 20 while the hubs 14, 20
are being manufactured. In this manner, the hubs 14, 20 can be formed around
connection elements 84 at the base 82 of each extension member 16, 22 to ensure a
strong and secure connection between the extension members 16, 22 and the hubs 14,
20. When the hubs 14, 20 are formed of a synthetic resin material, the extension
members 16, 22 can be coupled to the hubs 14, 20 by first inserting the bases 82 of the
extension members 16, 22 into a mold (e.g., an injection molding form) and then
introducing the synthetic into the form so that the resin surrounds the connection |
elements 84 at the base 82 of the extension members 16, 22. If it is desired for the hub
to be formed of a fiber-reinforce composite material, the reinforcing fibers can be placed
in the mold before and/or during addition of the synthetic resin. In other embodiments,
the extension members 16, 22 and hubs 14, 20 can be separately manufactured and
then later attached to one another via any know fastening mechanisms such as, for
example, screws, bolts, press-fitting, etc.

[0059] In further embodiments, each of the four extension members 16, 22 that
make up the additional tie system 80 can have an identical configuration, thereby
reducing manufacturing costs. Additionally, each of the two hubs 14, 20 of the additional
tie system 80 can initially be manufactured with an idehtical configuration and then later
modified to mate with one other. For example, both hubs 14, 20 of the additional tie
system 80 can be being identically manufactured with the hub recess 26 and no hub
projection 24. As such, when both hubs 14, 20 are identically manufactured with a hub
recess 26, a separately manufactured hub projection 24 can be inserted (e.g., press-fit)
into one of the hub recesses 26 after initial manufacturing of the hubs 14, 20, thus
allowing one of the hubs 14, 20 to be provided with a hub projection 24 that can be
matingly received in the hub recess 26 of the other hub 14, 20.

[0060] As previously described, the extension members (e.g., 16 or 22) can be
formed of a metallic material, such as steel. Although not illustrated in the drawings, in

certain embodiments, the extension members (e.g., 16 or 22) may be formed by cutting
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an initial flat elongated member from a large sheet and then bending the flat member
into the final shape of an extension member (e.g., 16 or 22). Such cutting may include
stamping the elongated flat member out of the metallic sheet. The bending forms the
perimeter sidewalls 42 at the outer perimeter of the extension members (e.g., 16 or 22)
and also forms the connection elements 84 at the base 82 of the extension members
(e.g. 16, 22). As such, the two extension members (e.g., 16 or 22) can be rigidly
connected via a hub (e.g., 14 or 20).

[0061] For instance, in some embodiments, the hub (e.g., 14 or 20) can be
formed around the base 82 of the extension members (e.g., 16 or 22) so that said base
82 of each of the extension members (e.g., 16 or 22) is at least partly embedded in the
hub (e.g., 14 or 20). In more detail, the base 82 of each of the extension members (e.g.,
16 or 22) may be placed in a hub form and thereafter the hub form may be filled with a
synthetic resin to thereby form the hub (e.g., 14 or 20). As previously described, the
synthetic resin may include an epoxy. In further embodiments, reinforcing fibers (e.g.,
glass fibers and/or carbon fibers) can be included in the hub form before and/or during
filling of the hub form with said synthetic resin. Furthermore, in some embodiments the
hub (e.g., 16 or 22) may include a hub recess 26. As such, a hub projection 24 may be
inserted into the hub recess 26,and attached to the hub recess 26 via press-fitting.

[0062] The previously-described bending of the flat members forms the
perimeter sidewalls 42 which may be bent substantially perpendicular to the main
sidewall 40 of the extension members (e.g., 16 or 22). As such, an open void 44 is
defined within the perimeter sidewalls 42 of the extension members (e.g., 16 or 22). In
certain embodiments, the bending further forms the connection elements 84 at the base
82 of the extension members (e.g., 16, 22), with such connection elements 84 being
used to secure the extension members (e.g., 16, 22) to the hub (e.g., 14 or 20), as
previously described.

[0063]) The muiti-material tie system shown in FIGS. 14-15 can be used to form
an insulated concrete panel 70 in the same manner as describe above with respect to
the single-material tie system shown in FIGS. 1-13. Thus, a description of how the multi-
material tie system is positioned into the insulation layer 62 and then used to connect
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top and bottom concrete layers 72, 74 on each side of the insulation layer 62 is the
same as described above for tie system 10. . ,

[0064] Although the invention has been described with reference to the
embodiments illustrated in the attached drawing figures, it is noted that equivalents may
be employed and substitutions made herein without departing from the scope of the
invention as recited in the claims.

[0065] Having thus described various embodiments of the invention, what is
claimed as new and desired to be protected by Letters Patent includes the following.
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What is claimed is:
1. An insulated concrete panel comprising:
an insulation layer comprising a tie opening extending therethrough;

first and second concrete layers disposed on opposite sides of said insulation
layer; and

a tie system comprising:
a hub portion at least partly received in said tie opening,

a first end section at least partly embedded in said first concrete layer,
and

a second end section at least partly embedded in said second concrete
layer,

wherein the tie system is capable of shifting from a collapsed configuration, in
which a maximum width the said first and second end sections is less
than a maximum width of said tie opening, to an expanded
configuration, in which the maximum width of said first and second end
sections is greater than the maximum width of said tie opening.

2. The insulated concrete panel of claim 1, wherein said hub portion
comprises barriers received said tie opening and configured to substantially inhibit
concrete from flowing through said tie opening during formation of said panel.

3. The insulated concrete panel of claim 2, further including an air gap
disposed in said tie opening between said barriers and at least one of said first and
second concrete layers.

4. The insulated concrete panel of claim 1, wherein said first end section
comprises an enlarged end portion of one of a first extension members and an
enlarged end portion of one of a second extension members, wherein said second
end portion section comprises an enlarged end portion of the other of said first
extension members and an enlarged end portion of the other of said second
extension members.

5. The insulated concrete panel of claim 1, wherein said tie system
comprises a first structural member and a second structural member, wherein said
first structural member comprises a first hub and a pair of first extension members
extending outwardly from opposite sides of said first hub, wherein said second
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structural member comprises a second hub and a pair of second extension members
extending outwardly from opposite sides of said second hub, wherein said first and
second hubs cooperatively define said hub portion.

6. The insulated concrete panel of claim 5, wherein said first and second
structural members form an X-shape with an intersection of the X-shape being
located at said hub portion.

7. A method of making an insulated concrete panel, said method
comprising:

(a) creating a tie opening that extends through an insulation layer;
(b) inserting an expandable tie system into said tie opening;

(c) while said tie system is received in said tie opening with opposite end
sections of said tie system extending out of said tie opening, shifting said tie system
into an expanded configuration where the maximum width of said tie system is
greater than the maximum width of said tie opening; and

(d) while said tie system is in said expanded configuration, forming a layer of
concrete on each side of said insulation layer so that the opposite end sections of
said tie system are respectively embedded in opposite layers of concrete, thereby
physically coupling the opposite layers of concrete to one another using said tie
system, wherein said forming includes (i) pouring a bottom layer of concrete, (ii)
placing said insulation layer on said bottom layer of concrete, and (iii) pouring a top
layer of concrete on said insulation layer.

8. The method of claim 7, wherein said shifting of step (c) causes said tie
system to shift into engagement with opposite sides of said insulation layer, thereby
securing said tie system to said insulation layer.
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CREATING A TIE OPENING THAT EXTENDS
THROUGH AN INSULATION LAYER

!

INSERTING AN EXPANDABLE TIE
SYSTEM INTO THE TIE OPENING

!

WHILE THE TIE SYSTEM IS RECEIVED
IN THE TIE OPENING AND WITH
OPPOSITE ENDS OF THE TIE SYSTEM
EXTENDING OUT OF THE TIE OPENING,
SHIFTING THE TIE SYSTEM INTO
AN EXPANDED CONFIGURATION
WHERE A MAXIMUM WIDTH OF THE
TIE SYSTEM IS GREATER THAN A
MAXIMUM WIDTH OF THE TIE OPENING

!

WHILE THE TIE SYSTEM IS IN THE
EXPANDED CONFIGURATION,
FORMING A LAYER OF CONCRETE
ON EACH SIDE OF THE INSULATION
LAYER SO THAT OPPOSITE END
PORTIONS OF THE TIE SYSYTEM
ARE EMBEDDED IN THE OPPOSITE
LAYERS OF CONCRETE, THEREBY
PHYSICALLY COUPLING THE
LAYERS OF CONCRETE TO ONE
ANOTHER USING THE TIE SYSTEM

FIG.13
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