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WALL STRUCTURE PENETRATION ATTACHMENT

BACKGROUND
[0001] The information described in this background section is
not admitted to be prior art.
[0002] Insulated wall panels provide thermal insulation for

residential homes and buildings and commercial buildings. A wall panel’s
R-value is its ability to impede heat flow and, therefore, is a measure of the
wall panel's thermal insulating capability. The greater the ability to impede
heat flow, the higher the R-value, and the more thermally insulating the
structure. Thermal insulation standards have become Increasingly stricter,
requiring higher R-values and continuous insulation on the exterior sides of

Insulated wall panels.

'SUMMARY

[0003} This specification relates to wall structures and

methods of manufacturing wall structures.

[0004] In one example, a wall structure comprises a frame, a
sheathing board attached to the frame, a penetration attachment panel,

- and a foam layer.

[0005] In another example, a wall structure comprises a frame
comprising a first member, a second member spaced apart from the first
‘member, and two side members extending between the first member and
the second member. The first member, the second member, and the two
side members each comprise a front surface and a rear surface that
collectively form a front frame surface and a rear frame surface. The wall
structure also comprises a sheathing board attached to the front frame
surface. The sheathing board, the first and second members, and the two

side members define a cavity within the frame. A penetration attachment
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panel is located within the cavity and in contact with a rear-facing surface of
the sheathing board. A foam layer is located within the cavity. The foam
layer adheres to the penetration attachment panel and the sheathing

board, and encapsulates the penetration attachment panel.

[0006] In another example, a method of manufacturing a wall
structure comprises providing a frame. The frame comprises a first
member, a second member spaced apart from the first member, and two
side members extending between the first member and the second
member. The first member, the second member, and the two side
members each comprise a front surface and a rear surface that collectively
form a front frame surface and a rear frame surface. A sheathing board is
attached to the front frame surface. The sheathing board, the first and
second members, and the two side members define a cavity within the
frame. A penetration attachment panel is positioned within the cavity and
In contact with a rear-facing surface of the sheathing board. A foam layer

is deposited into the cavity. The foam layer covers the penetration

attachment panel and the sheathing board.

[0007] It is understood that the inventions described in this
specification are not necessarily limited to the examples summarized in this

Summary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various features and characteristics of the inventions

described In this specification may be better understood by reference to the

accompanying figures, in which:

[0009] Figure 1 Is a rear perspective schematic diagram of a
wall structure comprising a frame, a sheathing board attached to the frame,

and a penetration attachment panel;
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[0010] Figure 2 is a rear perspective schematic diagram of a

wall structure comprising a frame, a sheathing board attached to the frame,

a penetration attachment panel, and a foam layer;

[0011] Figure 3 is a side cross-sectional schematic diagram of
the wall structure shown in Figure 2;

[0012] Figure 4 is a side cross-sectional schematic diagram of
a penetration attachment panel positioned on a sheathing board comprising

a core layer and facer materials attached to a front face and a rear face of
the core layer;

[0013] = Figure 5 is a side cross-sectional schematic diagram of

a penetration attachment panel positioned on a sheathing board with
positioning devices;

[0014] ~ Figure 6 is a rear perspective schematic diagram of a
wall structure comprising a frame, a sheathing board attached to the frame,
a penetration attachment panel, a foam layer, and a penetration opening

located through the sheathing board and the penetration attachment panel
and the foam layer;

[0015] Figure 7 is a side cross-sectional schematic diagram of
the wall structure shown in Figure 6;

[0016] Figure 8 Is a side cross-sectional schematic diagram of
a wall structure as shown in Figure 7 and having exterior siding attached to

the sheathing board and an interior wall panel attached to the frame;

[0017] Figure 9 Is a rear view schematic diagram of a wall

structure comprising a frame, a sheathing board attached to the frame, and
a penetration attachment panel.

[0018] Figures 10A-10E are a series of cross-sectional

schematic diagrams illustrating the manufacture of a wall structure as
shown in Figure 9;

[0019] Figure 11 is a front perspective view of a wall structure
frame; '
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, [0020] Figure 12 Is a rear perspective view of the wall
structure frame shown in Figure 11;
[0021] Figure 13 is a front perspective view of a wall structure

comprising a sheathing board and a foam layer shown in partial cut-away;

[0022] Figure 14 is rear perspective view of the wall structure

shown in Figure 13;

[0023] Figure 15 is a front view of a wall structure frame with

a window opening;

[0024] Figure 16 is a front view of a wall structure frame with

a door;

[0025] Figure 17 Is a top cross-sectional view of the wall

structure shown in Figures 13 and 14;

[0026] Figure 18A Is a side cross-sectional view of the wall

structure shown In Figures 13 and 14;

[0027] Figure 18B is a side cross-sectional view of the wall

structure shown in Figures 13 and 14;

[0028] Figure 19 is a top cross-sectional view of a wall
structure;
[0029] Figure 20 is a top cross-sectional view of foam material

being deposited into a frame;

[0030] Figure 21 is a top cross-sectional view of foam material

being deposited into a frame;

[0031] Figure 22 Is a top cross-sectional view of foam material

being deposited into a frame; and

10032] Figure 23 is a top cross-sectional view of foam material

being deposited into a frame.

[0033] The reader will appreciate the foregoing features and
characteristics, as well as others,'upon considering the following detailed

description of the inventions according to this specification.
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DESCRIPTION

[0001] As used in this specification, the term "front” refers to
the side, face, or surface of a structure or component oriented towards the
outside direction of an exterior wall of a building, and the term “rear” refers
to the side, face, or surface of a structure or component oriented towards

the inside direction of an exterior wall of a building.

[0002] Conventional residential and commercial building
construction typically involves the placement of oriented strand boards
(OSBs) or other wood-based structural boards on the exterior-facing side of
the building frame. The exterior-facing boards provide structural substrates
to which exterior fixtures can be attached (e.g., claddings such as vinyl or
aluminum siding, plumbing fixtures such as spigots, electrical fixtures such
as outlet boxes, lighting fixtures, utility fixtures, vents, and the like).
However, with wall structures in which non-structural boards (e.g., foam
boards) or other sheathing boards having relatively low fastener pull-out
strength replace OSBs or other structural boards on the exterior-facing side
of the building frame, there is substantially less structure having sufficiently
high fastener puli-out strength to attach or otherwise secure exterior

fixtures. Such wall structures are described, for example, In U.S. Patent
Application Publication No. 2015/0093535 A1, which is incorporated by
reference into this specification. Accordingly, with wall structures
comprising a frame and a foam board or other sheathing board having
relatively low fastener pull-out strength attached to the exterior-facing side
of the frame, a penetration attachment panel can be positioned on and
secured to the interior-facing side of the sheathing board to provide a
structure having relatively high fastener pull-out strength for attaching
and/or securing exterior fixtures that require a penetration into and/or

through the wall structure.

[0003] - Referring to Figures 1-3, a wall structure 10 comprises
frame 11. The frame 11 comprises a first member 12, a second member
14 spaced apart from the first member 12, and two side members 16

extending between the first member 12 and the second member 14. The
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first member 12, the second member 14, and the two side members 16
each comprise a front surface (12a, 14a, and 16a, respectively) and a rear
surface (12b, 14b, and 16b, respectively) that collectively form a front frame
surface 11a and a rear frame surface 11b. The constituent members (12,
14, and 16) of the frame 11 can be made out of a suitable material of
construction such as wood. For example, the constituent members (12, 14,
and 16) of the frame 11 can comprise wooden 2x4 members (i.e., structural
members made of wood having nominal thicknesses of about 2-inches,
nominal widths of about 4-inches, and suitable lengths) secured together
with fasteners such as nails, nall plates, screws, staples, bolts, or rivets, or

a combination of any thereof.

[0004] A sheathing board 70 may be attached to the front
frame surface 11a. As used in this specification, the term “sheathing
board” refers to boards having relatively low fastener pull-out strength
compared to wood boards, plywood boards, and OSBs. Accordingly, in this
specification, the term “sheathing board” excludes wood boards, plywood
boards, and OSBs. By way of example, sheathing boards include, but are
not necessarily limited to, foam boards (e.g., polyiso boards, expanded
polystyrene boards, extruded polystyrene boards), gypsum boards, cement
boards, adhesive-bonded and laminated cellulosic fiberboards (e.g.,
Thermo-ply® boards, available from OX Engineered Products), asphalt-
impregnated cellulosic fiberboards (e.g., Celotex® boards, available from
Blue Ridge Fiberboard), thermoset resin-wood composite boards (e.g., low-
density fiberboard (particle board) and medium-density fiberboard),
thermoset resin-mineral wool composite boards (e.g., Roxul® boards,

available from Roxul/Rockwool International), and T1-11 siding boards.

[0005] The sheathing board 70 attached to the front frame

surface 11a can comprise facer materials on the rear face and/or the front
face of the sheathing board. For example, referring to Figure 4, the
sheathing board 70 may comprise a polyiso board comprising a
polyisocyanurate foam layer 75 and a facer material 77a/77b attached to a

front face 75a and/or a rear face 75b of the polyisocyanurate foam layer 795.
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Although Figure 4 shows facer materials 77a and 77b respectively attachea
to both the front face 75a and the rear face 75b of the polyisocyanurate
foam layer 75, it is understood that a polyiso board or other type of
sheathing board can comprise a facer material attached to just one face,
either the front face or the rear face, of a polyisocyanurate foam layer or
other core layer (e.qg., expanded polystyrene, extruded polystyrene,
gypsum, cement, adhesive-bonded and laminated cellulosic fibers, asphalt-
Impregnated and formed cellulosic fibers, thermoset resin-wood

composites, thermoset resin-mineral wool composite boards, and the like).

[0006] Polyiso boards and other types of sheathing boards
generally comprise facer materials attached to and substantially covering
both sides (the front and rear faces) of a polyisocyanurate foam layer or
other core layer. For example, facer materials can comprise glass mats
filled with recycled cardboard and colored with carbon black. Facers
materials can also comprise foil or foil/glass composites. Facer materials
can also comprise fibrous materials such as fiberglass materials or other
fiber-reinforced sheet-like materials. Examples of suitable facer materials
include, but are not limited to, fiberglass mats, glass fiber-reinforced
cellulosic felts, coated and polymer-bonded fiber mats (e.g., fibrous glass
mats bonded with an organic polymer binder and coated with an organic
polymer coating, clay, or other inorganic coating), foils (e.g., aluminum foil),
coated folls, foil/membrane laminates, foil/glass composites, and polyolefin
films (such as TYVEK® materials, available from DuPont; or TYPAR®
materials, available from Fiberweb, Inc.). If a polyiso board or other type of
sheathing board comprises facer materials on both the front and rear faces
of the polyisocyanurate foam layer or other core layer, then the facer
material on the front face may be the same as or may be different than the
facer material on the rear face. The facer material should meet the
requirements as described in ASTM D226/D226M - 09: Standard
Specification for Asphalt-Saturated Organic Felt Used in Roofing and
Waterproofing; or ASTM E2556/E2556M - 10: Standard Specification for

Vapor Permeable Flexible Sheet Water-Resistive Barriers Intended for
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Mechanical Attachment; or otherwise qualify as a water-resistive barrier in
accordance with International Residential Code (IRC) 703.2 (2012), which
are each incorporated-by-reference into this specification. For
implementations in which the sheathing board comprises a polyiso board,
the sheathing board may meet the requirements of ASTM C1289 - 15:
Standard Specification for Faced Rigid Cellular Polyisocyanurate Thermal

Insulation Board, which is incorporated-by-reference into this specification.

[0007] Referring again to Figures 1-3, the sheathing board 70
‘may be attached to the front frame surface 11a. The sheathing board 70
can be attached to any of the front faces (12a, 14a, and/or 16a) of the
constituent members (12, 14, and 16) of the frame 11. For example, the
sheathing board 70 can be attached to the front faces 12a and 14a of the
first and second members 12 and 14, and to the front faces 16a of the two
side members 16. The sheathing board 70 can be attached to the tront
frame surface 11a with fasteners and/or an adhesive (not shown).
Attachment fasteners can include, but are not limited to, nails, staples,
screws, bolts, or rivets, or a combination of any thereof. Attachment
adhesives can comprise a construction adhesive that is compatible with the
adjoining materials. For example, an adhesive used to attach a sheathing
board to a frame can comprise a foam material (which may be the same
foam material or a different foam material as the foam material comprising

the foam layer, described below).

[0008] The sheathing board 70, the first member 12, the
second member 14, and the two side members 16 define a cavity 18 within
the frame 11. A penetration attachment panel 50 may be located within the
cavity 18 and in contact with the rear-facing surface 70b of the sheathing
board 70. Referring to Figures 2 and 3, a foam layer 30 may be located
within the cavity 18. The foam layer 30 adheres to the penetration
attachment panel 50 and to the sheathing board 70. The foam layer 30

encapsulates the penetration attachment panel 50 within the cavity 18.
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[0009] In some Implementations, the penetration attachment
panel 50 is not attached to the sheathing board 70. In such
implementations, the penetration attachment panel 50 may be held In
contact with the rear-facing surface 70b of the sheathing board 70 solely by
the encapsulation provided by the foam layer 30. In some *
implementations, the penetration attachment panel 50 may be attached to

the sheathing board 70 with an adhesive.

[0010] In iImplementations in which the penetration
attachment panel 50 is not attached to the sheathing board 70 with an
adhesive, the penetration attachment panel 50 can directly contact the
rear-facing surface 70b of the sheathing board 70, and the penetration
attachment panel 50 may be encapsulated between the sheathing board
70 and the foam layer 30. In implementations in which the penetration
attachment panel 50 Is attached to the sheathing board 70 with an
adhesive, the penetration attachment panel 50 can indirectly contact the
rear-facing surface 70b of the sheathing board 70, and the penetration
attachment panel 50 can be encapsulated between the adhesive (not
shown) and the foam layer 30. The penetration attachment panel 50 can
be attached to the sheathing board 70 with a construction adhesive that is
compatible with the adjoining materials. Alternatively, an adhesive used to
attach a penetration atta_chment panel to a sheathing board can comprise a
foam material (which may be the same foam material or a different foam

material as the foam material comprising the foam layer).

[0011] In some implementations, the penetration attachment
panel 50 can be positioned on the sheathing board 70 with one or more
positioning devices. For example, referring to Figure 5, the penetration
attachment panel 50 is shown positioned on the sheathing board 70 with
positioning devices 54 located through the thickness of the penetration
attachment panel 50 and engaging the sheathing board 70, but not
penetrating through the thickness of the sheathing board 70. The
positioning devices 54 can aid in maintaining the location of the penetration

attachment panel 50 on the sheathing board 70 during the deposition of the
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foam layer 30. The positioning devices 54 can comprise one or more
fasteners such as screws, nails, bolts, pins, or a combination of any
thereof. [t should be noted, however, that the optional positioning devices
54 do not function to provide significant mechanical attachment between
the penetration attachment panel 50 and the sheathing board 70 because
of the shéathing board’s relatively low fastener pull-out strength. Rather,
the optionai positioning devices 54 function primarily to maintain placement
during manufacture, and the attachment of the panel 50 to the sheathing
board 70 is provided by the encapsulating foam layer 30 and any optional

adhesive between the panel 50 and the sheathing board 70.

10012] The penetration attachment panel 50 can comprise,’ for
example, a wood panel, a plywood panel, an OSB panel, a wood-
thermoplastic composite panel (e.g., a TREX® pane|, available from Trex
Company, Inc.), or a formed thermoplastic panel (e.g., an extruded
poly(vinyl chloride) panel such as an AZEK® panel, available from AZEK
Building Products, Inc.). The foam layer 30 (and, optionally, any foam-
based adhesive used to attach the sheathing board 70 to the frame 11,
and/or attach the penetration attachment panel 50 to the sheathing board
70) can comprise, for example, polyurethane or polyisocyanurate, or
mixtures thereof. The foam layer 30 can be substantially free, essentially

free, or completely free of halogen-containing flame retardant additives.

[0013] As used In this specification, the term “foam” refers to
a substance that is formed by trapping pockets of gas in a liquid or solid. A
foam layer can comprise a closed-cell foam, wherein the term “closed-cell
foam” refers to foam that contains discrete, non-interconnecting cells '
formed by the trapped pockets of gas. Examples of foam materials include,
but are not limited to, foams made with polyurethane, polyisocyanurate
(also referred to as polyiso), and mixtures thereof. Foam materials
(including the foam layer 30) may be substantially free, may be essentially
free, or may be completely free of halogen-containing flame retardant
additives. The term "halogen” refers to the halogen elements, which

include fluorine, chlorineg, bromine, and iodine, and the term “halogen-
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containing flame retardant additives” refers to a substance that may be
used to inhibit or resist the spread of fire, and which contains halogen
groups such as a fluoro, chloro, bromo, and/or iodo groups. Further, the
term “substantially free,” as used in this specification, means the foam
material contains less than 1000 parts per million (ppm), “essentially free’
means less than 100 ppm, and "completely free” means less than 20 paris

per billion (ppb) of halogen-containing flame retardant additives.

[0014] Referring to Figure 3, the foam layer 30 comprises a
thickness T extending from the reaeracing surface 70b of the sheathing
board 70 to a position intermediate the front frame surface 11a and the rear
frame surface 11b. In this manner, a gap 40 may be formed within the
frame 11 between a rear-facing surface 30b of the foam layer 30 and the
rear frame surface 11b. Although Figure 3 shows the foam layer 30
comprising a thickness T extending from the rear-facing surface 70b of the
sheathing board 70 to a position intermediate the front frame surface 11a
and the rear frame surface 11b, it is understood that the foam layer 30 can
alternatively comprise a thickness extending from the rear-facing surface
70b of the sheathing board 70 to the rear frame surface 11b, in which case
no gap is formed within the frame 11 between the rear-facing surface 30b

of the foam layer 30 and the rear frame surface .1 1b.

[0015] Referring to Figures 6 and 7, the wall structure 10 can
comprise a penetration opening 72 through the sheathing board 70, a
penetration opening 52 through the penetration attachment panel 50, and a
penetration opening 32 through the foam layer 30. The penetration
openings 72, 52, and 32 collectively provide a penetration ope_ning through
the wall structure 10, which connects the front-facing surface 70a of the
sheathing board 70 and the rear-facing surface 30b of the foam layer 30.
The penetration opening (72/52/32) through the wall structure 10 provides
an open connection between the exterior side of the wall structure and the
interior side of the wall structure for the placement of electrical lines,

pipelines/plumbing, vents, and the like, which connect to exterior fixtures
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(e.g., electrical fixtures such as outlet boxes, lighting fixtures, plumbing

fixtures such as spigots, other utility fixtures, vent covers, and the like).

[0016] For example, referring to Figure 8, the penetration
opening (72/52/32) through the wall structure 10 provides for the
connection of exterior fixture 76 to the gap 40. The exterior fixture 76 may
be positioned on the front-facing surface 70a of the sheathing board 70
(integrated with exterior cladding 74, which may comprise siding, for
example). The gap 40 may be located between the rear-facing surface 30b
of the foam layer 30 and an interior wall panel 78 (which may comprise, for
example, drywall, plaster board, or other interior wall cladding). The
penetration attachment panel 50 provides increased structural integrity
around the penetration opening. The penetration attachment panel 50 also
provides a structure having relatively high fastener puil-out strength to
which the exterior fixture 76 Is attached or otherwise secured with
attachment fasteners 79 that penetrate through the sheathing board 70 and

engage the penetration attachment panel 50.

[0017] Referring to Figures 1, 2, and 6, the penetration
attachment panel 50 is shown as a rectangular-shaped panel with gaps
between the vertical edges of the panel 50 and the side members 16.
However, it is understood that the shape and dimensions of the penetration
attachment panel 50, and its location relative to the side members 16, the
first and second members 12 and 14, or any other constituent members of
the frame 11, are only limited by the shape and size of the cavity 18 In

which the penetration attachment panel 50 is positioned.

[0018] For example, referring to Figure 9, a frame is shown
comprising a first member 12, a second member 14 spaced apart from the
first member 12, two side members 16 extending between the first member
12 and the second member14, and a primary support member 17
positioned between the two side members 16 and extending between the
first member 12 and the second member 14. The first member 12, the
second member 14, and the two side members 16 each comprise a front

surface (not shown) and a rear surface (12b, 14b, and 16b, respectively)
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that collectively form the front frame surface (not shown) and the rear frame
surface 11b. The primary support member 17 comprises a front primary
support surface (not shown) and an opposite rear primary support surface
17b. The front primary support surface corresponds to the front frame
surface. The rear primary support surface 17b corresponds to the rear

frame surface 11b.

[0019] A sheathing board 70 may be attached to the front
frame surface and the front primary support surface (not shown). The
sheathing board 70, the first member 12, the second member 14, the two
side members 16, and the primary support member 17 define cavities 18
within the frame. A penetration attachment panel 50 may be located within
one cavity 18 and in contact with the rear-facing surface 70b of the
sheathing board 70. A foam layer (not shown) may be located within the
cavity 18, adhered to the penetration attachment panel 50 and to the
sheathing board 70, and encapsulating the penetration attachment panel
50 within the cavity 18. The penetration attachment panel 50 is shown In
Figure 9 With dimensions such that the horizontal edges of the panel 50
may be slightly shorter than the distance between the primary support
member 17 and the side member 16 (i.e., panel 50 substantially spans the

distance between the primary support member 17 and the side member
16).

[0020] The shape and dimensions of a penetration
attachment panel, and the location of a penetration attachment panel within
a cavity formed by a frame and an attached sheathing board, can be
selected based on the size of the cavity, the location of the exterior fixtures
to be secured to the penetration attachment panel, and the weight of the

exterior fixtures to be secured to the penetration attachment panel.

[0021] Referring to Figures 10A-10E, a method of
manufacturing a wall structure comprises providing a frame 11 as shown in
Figure 10A. The frame 11 comprises a first member (nOt shown), a second
member 14 spaced apart from the first member, two side members 16

extending between the first member and the second member 14, and a
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primary support member 17 positioned between the two side members 16
and extending between the first member and the second member 14. The
first member (not shown), the second member 14, the two side members
16, and the primary support member 17 each comprise a front surface
(14a, 16a, and 17a, respectively) and a rear surface (14b, 16b, and 17b,
respectively) that collectively form the front frame surface 11a and the rear
frame surface 11b. The frame 11 may be provided on a rigid support
surface 51 so that the rear frame surface 11b (i.e., the rear surfaces 14b,
16b, and 17b of the second member 14, the two side members 16, and the
primary support member 17, respectively) contact the rigid support surface
51.

[0022] As shown in Figure 10B, a sheathing board 70 may be
attached to the front frame surface 11a. The sheathing board 70 may
comprise a construction as described above. As also described above, the
sheathing board 70 may be attached to front frame surface 11a (including
any of the front faces of the first and second members, the front faces of
the two side members, and the front face of the primary supp'ort member)
with fasteners (not shown). The fasteners may comprise nails, staples,
screws, bolts, or rivets, or a combination of any thereof. Alternatively, or in
addition, the sheathing board 70 may be attached to front frame surface
11a (including any of the front faces of the first and second members, the
front faces of the two side members, and the front face of the primary
support member) with an adhesive (not shown). For example, a layer of
foam may be deposited onto the rear-facing surface 70b of the sheathing
board 70 before attaching the sheathing board 70 to the front frame surface
11a.

[0023] The sheathing board 70, the first member (not shown),
the second member 14, the two side members 16, and the primary support
member 17 define cavities 18 within the frame 11. Although Figures 10A-
10E show the frame 11 comprising the primary support member 17, which

results in two cavities 18, it is understood that the primary support member

17 could be omitted from the frame 11, in which case a single cavity 18
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within the frame 11 would be defined by the first member (not shown), the
second member 14, and the two side members 16 (see Figures 1-3). In
addition, two or more primary support members may be included within a
frame, thereby defining three or more cavities. Referring to Figure 10C, the
frame structure and the attached sheathing board may be rotated 180
degrees through the horizontal plane so that the sheathing board contacts
the rigid support surface. A penetration attachment panel 50 may be
positioned within one of the cavities 18 and in contact with the rear-facing
surface 70b of the sheathing board 70.

[0024] The penetration attachment panel 50 can be
positioned within the cavity 18 as described above. For example, the
positioning of the penetration attachment panel 50 may not comprise
attaching the panel 50 to the sheathing board 70, and may comprise just
physically positioning the panel 50 on the rear-facing surface 70b of the
sheathing board 70, in which case the panel 50 is held in place by gravity
and friction. Alternatively, the positioning of the penetration attachment
panel 50 may comprise attaching the panel 50 to the sheathing board 70
using an adhesive. For example, a layer of foam may be deposited onto
the rear-facing surface 70b of the sheathing board 70 before positioning the
penetration attachment panel 50 within the cavity 18 and in contact with the
rear-facing surface 70b of the sheathing board 70. Also, as described
above, the penetration attachment panel 50 can optionally be positioned on
the sheathing board 70 using one or more positioning devices (not shown)

that engage but do not penetrate through the sheathing board 70.

[0025] Referring to Figure 10D, a foam layer may be
deposited into the cavities 18. The foam may be deposited from a foam
dispensing rig 60, which can include one or more nozzles 62 (however, it is
understood that the foam can be deposited using any suitable operation
such as, for example, manually using a foam spray gun). Referring to
Figure 10E, the deposited foam layer 30 covers the penetration attachment
panel 50 and the sheathing board 70 in the cavity 18. The foam layer 30

may be deposited to a thickness extending from the rear-facing surface 70b
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of the sheathing board 70 to a position intermediate the front frame surface
11a and the rear frame surface 11b such that a gap 40 may be formed
within the frame 11 between the rear-facing surface 30b of the foam layer
30 and the rear frame surface 11b. It is understood, however, that the
foam layer 30 can alternatively be deposited to a thickness extending from
the rear-facing surface 70b of the sheathing board 70 to the rear frame
surface 11b, in which case no gap is formed within the frame 11 between
the rear-facing surface 30b of the foam layer 30 and the rear frame surface
11b. The deposited foam layer 30 can be cured so that the foam layer
solidifies and adheres to the penetration attachment panel 50 and the

sheathing board 70, and encapsulates the penetration attachment panel
50.

[0026] The wall structures described in this specification
comprise a penetration attachment panel embedded within the wall
structure (encapsulated by the foam layer and the sheathing board). The
embedded penetration attachment panel provides increased structural
integrity for attaching or otherwise securing exterior fixture to the wall
structure. To connect exterior fixtures to interior'spaces, a penetration
opening must be formed through the sheathing board, the penetration
attachment panel, and the foam layer (see Figure 8). A penetration
opening that connects a front-facing surface of the sheathing board and a
rear-facing surface of the cured foam layer can be formed (e.g., drilled,
sawed, or otherwise cut-out) as part_of the manufacturing process of pre-
fabricated wall structures after the foam layer cures. Alternatively, the
internal location of the embedded penetration attachment panel can be
marked on either or both of the front-facing surface of the sheathing board
or the rear-facing surface of the cured foam layer, and builders can form
(e.q., drill, saw, or otherwise cut-out) penetration openings on-site at a

construction site.

[0027] Figures 11-23 illustrate additional features of the wall
structures and the methods of manufacturing the wall structures described

in this specification. For example referring to Figures 13 and 14, a wall
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structure 10 includes a frame 11, at least one primary support member 17,
a sheathing board 70, a foam layer 30, and a penetration attachment panel
(not shown) located between the sheathing board 70 and the foam layer
30. As shown in Figures 11 and 12, the frame 11 may be defined by a first
member 12, a second member 14 spaced apart from the first member 12,
and two side members 16 extending between the first member 12 and the
second member 14. The first member 12, the second member 14, and the
two side members 16 each have a front surface 12a, 14a, 16a and a rear

surface 12b, 14b, 16b that define a front frame suirface 11a and a rear

frame surface 11b, respectively.

- [0028] The frame 11 can be constructed into different éhapes
depending on its intended use. For example, as shown in Figures 11 and
12, the frame 11 can be constructed as a conventional industry standard
rectangular or square frame 11. The first member 12 and the second
member 14 may be spaced apart and extend parallel to each other, and the
two 'side members 16 may extend perpendicular to the first member 12 and
the second member 14 so as to from a rectangular or square frame 11.
The shape and design of the frame 11 is not so limited and can be
constructed into any desired shape. Generally, the shape and design of
the frame 11 is constructed in accordance with the floor plans designed for

a particular home or building.

[0029] Referring to Figures 13 and 14, at least one primary
support member 17 may be positioned between the two side members 16.
The primary support members 17 may extend between the first member 12
ahd the second member 14. The primary support members 17 may define
a front primary support surface 17a and a rear primary support surface 17b.
As shown In Figures 13 and 14, the front primary support surface 17a and
the rear primary support surface 17b correspond to the front frame surface
11a and the rear frame surface 11b of the frame 11. The primary support
members 17 may be spaced apart to form cavities 18. The cavities 18 may
be defined by the space formed within the frame 11 between the primary

support members 17, the side members 16, the first member 12, and/or the
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second member 14. The size of each cavity 18 can vary based on the size
of the frame 11, the distance between consecutively positioned primary
support members 17, and the number of primary support members 17
present. The primary support members 17, the side members 16, the first
member 12, and/or the second member 14 may comprise one or more
plates, boards, beams, studs, or the like. For example, as shown in Figures

11-14, the first member 12 may include two beams.

[0030] The two side members 16 and/or the primary support
members 17 may be fixedly engaged to the first member 12 and the
second member 14. For example, the two side members 16 and/or the
primary support members 17 may be fixedly engaged to the first member
12 and the second member 14 with fasteners. Suitable fasteners include,
but are not limited to, nails, nail plates, staples, bolts, screws, and rivets.
The first member 12, the second member 14, the two side members 16,
and the primary support members 17 can be made of various materials.
For example, the first member 12, the second member 14, the two side
members 16, and the primary support members 17 can be made of wood,
metal, fiberglass, plastic, wood-polymer composite materials, or a
combination of any thereof. The first member 12, the second member 14,
the two side members 16, and the primary support members 17 can be

made of the same material or different materials.

[0031] The dimensions of the first member 12, the second
member 14, the two side members 16, and the primary support members
17 can vary depending on the intended use of the frame 11. The first
member 12, the second member 14, the two side members 16, and the
primary support members 17 can each have any dimension. The first
member 12, the second member 14, the two side members 16, and the
primary support members 17 can have the same dimensions. For
example, the first member 12, the second member 14, the two side
members 16, and the primary support members 17 may have the same
thickness and width dimensions, and the same or different length

dimensions. For example, the first member 12, the second member 14, the
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two side members 16, and the primary support members 17 can all have a
thickness and width and height dimension of nominally 2x4 inches. In
another example, the first member 12, the second member 14, the two side
members 16, and the primary support members 17 can all have thickness

and width dimensions of nominally 2x6 inches.

[0032] The first member 12, the second member 14, and the
two side members 16 can have the same dimensions, which may be
different than the dimensions of the primary support members 17. For
example, the first member 12, the second member 14, and the two side
members 16 may have the same thickness and width dimensions, and the

“primary support members 17 may have thickness and/or width dimensions
that may be different than the dimensions of the first member 12, the
second member 14, and the two side members 16. For example, the first
member 12, the second member 14, and the two 'side members 16 can
have thickness and width dimensions of nominally 2x6 inches, and the
primary support members 17 can have thickness and width dimension of

nominally 2x4 inches.

[0033] Referring to Figures 15 and 16, a wall structure can
comprise one or more secondary support members 20, and/or tertiary
support members 22. The secondary support members 20 and the tertiary
support members 22 may comprise one or more plates, boards, beams,
studs, or the like. The secondary support members 20 and the tertiary
support members 22 can be incorporated into the frame 11 {o provide
additional structural support, for example, to form spaces for windows,
doors, and the like. The secondary support members 20 and the tertiary
support members 22 can have dimensions that are the same as or different
than the primary support members 17, the side members 16, the first
member 12, and/or the second member 14. For example, the secondary
support member 20 and the tertiary support members 22 can have shorter
lengths than the primary support members 17, the side members 16, the

first member 12, and/or the second member 14.
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[0034] As shown in Figures 15 and 16, the secondary support
members 20 may have a front secondary support surface 20a and a rear
secondary support surface (not shown) that correspond with the front and
rear frame surfaces 11a and 11b, and the front and rear primary support
surfaces 17a and 17b. Similarly, the tertiary support members 22 may
have a front tertiary support surface 22a and a rear tertiary support surface
22b (see Figure 23) that correspond with the front and rear frame surfaces

11a and 11b and the front and rear primary support surfaces 17a and 17b.

) [0035] The secondary support members 20 extend between
and attach to the primary support members 17, or alternatively, the
secondary support members 20 extend between and attach to a primary
support member 17 and a side member 16. The tertiary support members
22 extend between two secondary support members 20 or between a
secondary support member 22 and the first member 12 and/or the second

member 14,

[0036] The secondary support members 20, the tertiary
support members 22, the primary support members 17, the side members
16, the first member 12, and/or the second merhber 14 form a secondary
cavity 26. As shown in Figures 15 and 16, the secondary cavity 26 can be
used as a space for a window, a door, or any other opening. For example,
the secondary support members 20, the tertiary support members 22, the
primary support members 17, the side members 16, the first member 12,
and the second member 14 can be constructed as a conventional industry
standard rectangular or square wall panel having a window, door, or any
other opening. For example, referring to Figure 15, a rectangular or square
wall structure having a window can be formed as foliows: a first member 12
and a second member 14' may be spaced apart and extend parallel to each
other; two side members 16 may extend between the first member 12 and
the second member 14 in a direction perpendicular to the first member 12
and the second member 14; primary support members 17 may be
positioned between the side members 16 and extend between the first

member 12 and the second member 14 in a direction perpendicular to the
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first member 12 and the second member 14; two secondary support
members 20 may be spaced apart and extend between the primary support
members 17 in a direction parallel to the first member 12 and the second
member 14; and two tertiary support members 22 may be spaced apart
and extend between the two secondary members 20 in a direction
perpendicular to the secondary support members 20 and the first member
12 and the second member 14. |n addition, the primary support members
17 can also extend between the secondary members 20 and the first
member 12 and/or the second member 14. As shown in Figure 15, a
secondary cavity 26 may be formed between the secondary support
members 20 and the tertiary support members 22. The resulting
rectangular or square wall panel can be used in a residential home or
building. The shape and design of the frame 11 of the wall structure 10 Is

not so limited and can assume any shape and design as desired.

[0037] Additional support members and structural elements
may also be used depending on the intended use of the wall structure 10.
For example, and as shown in Figures 15 and 16, a header 28 may be
used to provide additional support for a door or window. Other additional
support members may be used for structural purposes, design purposes,
and the like.

[0038] Referring to Figures 17, 18A, and 18B, a sheathing
board 70 may be attached to at least a portion of the front frame surface.
As described above, the sheathing board 70 can comprise a polyiso board,
an expanded polystyrene board, an extruded polystyrene board, a gypsum
board, a cement board, an adhesive-bonded and laminated cellulosic
fiberboard '(e.g., a Thermo-ply® board), an asphalt-impregnated cellulosic
fiberboard (e.g., a Celotex® board), a thermoset resin-wood composite

board, a thermoset resin-mineral wool composite board (e.g., a Roxul®

board, or a T1-11 siding board.

[0039] In one specific example, the sheathing board 70
comprises a polyiso board. Compared to polyurethane foams, polyiso

foams have a much higher isocyanate content. Through the use of certain
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catalysts the isocyanate is able to react with itself forming a ring-like
structure (polyisocyanurate) that is very stable. Polyiso boards typically
have a thickness which varies depending on the application. For example,
a polyiso board can have a thickness of about 1/2-inch to about 3-inches,
or any sub-range subsumed therein such as, for example, about 3/4-inch to
about 2-inches. The polyisocyanurate foam layer of a polyiso board may

have a front face and a rear face, as described above.

[0040] The sheathing board may be attached to the front
frame surface by various attachment mechanisms. For example, the
sheathing board can be attached to the front frame surface by fasteners.
The fasteners used to attach the sheathing board to the front frame surface
are not necessarily the same as the fasteners used to engage the first and
second members, as described above. Suitable fasteners may include
nails, staples, screws, bolts, or rivets, or a combination of any thereof.
Because sheathing boards comprise polyisocyanurate foam or other
materials haQing relatively low fastener pull-out strength, care must be used
when mechanically fastening sheathing boards to frames so as not to

damage the sheathing boards.

[0041] Alternatively, the sheathing board can be attached to
the front frame surface by the use of one or more adhesives. The
adhesives may be selected from latex-based adhesives, reactive hot melts,
polyester adhesives, polyamide adhesives, acrylic adhesives, one-
component epoxy-based adhesives, one-component polyurethane-based
adhesives, two-component polyurethane-based adhesives, and
combinations of any thereof. Also, as described below, a foam material
may be used as the adhesive. For example, a layer of foam may be
applied to the sheathing board, the front frame surfacé, or both, before

positioning and attaching the sheathing board to the front frame surface.

[004 2] As described above, sheathing boards generally
comprise facers on both sides of the core layer, which may be the same or
different. As also described above, examples of suitable facer materials

include, but are not limited to, fiberglass mats, glass fiber-reinforced
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cellulosic felts, coated and polymer-bonded fiber mats (e.g., fibrous giass
mats bonded with an organic polymer binder and coated with an organic
polymer coating, clay, or other inorganic coating), foils (e.g.., aluminum foil),
coated foils, foil/membrane laminates, foil/glass composites, and polyolefin
films (such as TYVEK® materials, available from DuPont; or TYPAR®
materials, available from Fiberweb, Inc.). The sheathing board may
comprise a facer material attached to at least a portion of the front face

- and/or the rear face of the core layer. The facer material can cover the
entire surface of the front face or the rear face or both the front and rear
faces of the core layer. The facer material may advantageously promote
adhesion of the foam layer 30 to the sheathing board 70. As described
above, the facer material on the front face may be the same as or may be

different than the facer material on the rear face.

[0043] The sheathing board 70 attached to the frame 11 may
comprise multipie separate sheathing boards (i.e., multiple sections) which

may be joined together by tape or caulk or polyurethane foam to form the
sheathing board 70.

[0044] The foam layer 30, which adheres to the sheathing
board and encapsulates the penetration attachment panel, compriées a
foam material deposited into the frame 11. Again, as used in this
specification, the term “foam material” refers to a substance that is formed
by trapping pockets of gas in a liquid or solid. For example, a foam
material can be a “closed-cell foam,” which as used in this specification
refers to foam that contains discrete, non-interconnecting cells. Examples
of foam material that can be used with the present invention include foam
materials made with polyurethane, polyisocyanurate (also referred to as
polyiso, as described above), and mixtures thereof. As described above,
the foam material may be substantially free, may be essentially free, and

may be completely free of halogen containing flame retardant additives.

[0045] As shown in Figures 13, 14, 17, 18A, and 18B, the
foam material can be deposited into the frame 11 such that the foam

material forms a foam layer 30 within at least a portion of the frame 11
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between the front frame surface 11a and the rear frame surface 11b, and
adheres to the sheathing board 70, and encapsulates the penetration

attachment panel (not shown).

[0046] Referring to Figures 17, 18A, and 18B, the foam layer
30 can be dimensioned to expand to a position intermediate the front frame
surface 11a and the rear frame surface 11b, thereby forming a gap 40 within
the wall structure 10 between the foam layer 30 and the rear frame surface
11b. Figures 13 and 14 further show that the gap 40 can be used as an area
to incorporate home utility components 42 such as electrical wires, cords,
heating and cooling pipes, and plumbing fixtures (which may be further
positioned through a penetration opening (not shown) in the foam layer 30,
the sheathing board 70, and a penetration attachment panel (not shown)).
These home utility components may be inserted into the gap 40 located
between the foam layer 30 and the rear frame surface 11b such that utilities
components are not surrounded by or contacting the foam layer 30 (other
than portions located In a penetration opening (not shown) connected 1o the
exterior-facing surface of the sheathing board). In one example, the gap 40
can comprises at least two inches as measured between the foam layer and

the rear frame surface 14.

[0047] When secondary support members 20 and/or tertiary
support members 22 are used with the foam wall structure 10 to form a
secondary cavity 26, the secondary cavity 26 can be free of foam. For
example, the foam layer 30 does not extend beyond and over the front.
secondary support surfaces 20a of the secondary members 20, the front
tertiary support surfaces 22a of the tertiary support members 22, and/or
beyond and over at least a portion of the front surfaces of other members
that help form the secondary cavity 26. Figure 19, for example, shows a
top cross-sectional view with the foam layer 30 not extending beyond the
front tertiary support surface 22a of the tertiary members 22. In such
cases, corresponding openings may also be present in the sheathing board
70.
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[0048] The foam layer 30 can be formed in-situ during the
manufacturing process. The term “formed in-situ during the manufacturing
process,” as used in this specification, refers to the formation of a foam
layer 30 as described in this specification during manufacturing of the foam
wall structure 10 off-site at a facility remote or away from a building
construction site. As such, the foam layer 30 may be formed not at a
construction site as is required by conventional methods, but instead as a

component of the pre-fabricated wall structure 10.

[0049] The foam layer 30 is able to fill tight spaces and seal
gaps that may not be visible to the naked eye. The foam layer 30 can also
act as a vapor and thermal insulating barrier, which reduces energy
consumption in buildings and residential homes when the wall structure 10
IS used as a constituent wall panel. The foam layer 30 may provide
structural stability to the wall structure 10, such as improved wall racking
strength, which refers to the ability of a wall structure to maintain its shape
under shear stress. Additionally, as described above, the foam layer 30
may encapsulate a penetration attachment panel, which secures the panel
in place relative to the exterior-facing surface of the sheathing board and

provides a location for the attachment of exterior fixtures.

[0050] The present invention is also directed to methods of
manufacturing a wall structure 10. A method of making a wall structure 10
includes providing a frame 11, optionally having at least one primary
support member 17. The frame 11 optionally having at least one primary
support member 17 can be constructed in accordance with any of the
examples described in this specification and shown In the drawings (see,
for example, Figures 13-19). A sheathing board 70 is attached to the frame

11 at the front frame surface 11a, as described above.

[0051] Reférring to Figures 20-23, after constructing or
otherwise providing the frame 11, optionally with at least one primary
support member 17, and attaching a sheathing board 70, the front frame
surface 11a can be orientated over a rigid surface 51 such that the front

frame surface 11a is positioned parallel or at least substantially parallel to
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the rigid surface 51. A “rigid surface” refers to any surface that is capable
of receiving the frame 11 without bending, flexing, or moving. As shown in
Figures 20-23, the rigid surface 51 has a width equal to or greater than the
width of the front frame surface 11a and a length equal to or greater than
the length of the front frame surface 11a. The rigid surface 51 may be
positioned horizontally (as shown), verticaily, or at an angle ranging from

zero degrees to 90-degrees from the horizontal.

[0052] After orientating the front frame surface 11a over the
rigid surface 51, a penetration attachment panel (not shown) may be
positioned within a cavity 18 in the frame 11 and in contact with a rear-
facing surface of the sheathing board, as described above, and a foam
material may be deposited into the frame 11. The foam material may be
deposited into the frame 11 with an automated delivery device.
Alternatively, the foam may be deposited into the frame 11 using various
other devices including, but not limited to, a foam dispensing gun that is
controlied and carried by an individual user. As shown In Figures 20-23,
the foam material may be deposited into the frame 11 with an automated
foam dispensing rig 60 that can be calibrated to dispense a pre-determined
amount of foam. The foam dispensing rig 60 can include one or more
nozzles 62. The nozzles 62 can be positioned over the frame 11 of the wall
structure 10 so that each nozzle 62 sprays or pours foam into cavities 18
Ioéated within the frame 11 such as the cavities 18 shown in Figure 20. A
foam dispensing rig 60 with a pIUraIity of nozzles 62 makes it possible to
dispense foam quickly and efficiently. The nozzles 62 can controllably

move into different positions.

[0053] Still referring to Figures 20-23, the foam material may
be deposited into the frame 11 so that the foam material contacts the rear-
facing surface of the sheathing board 70 and the penetration attachment
panel (not shown). As shown in Figure 20, the foam material may be
deposited so that the foam layer 30 extends beyond the front primary
support surfaces 17a and the front frame surface 11a. Alternatively, as

shown in Figure 21, the foam material may be deposited into the frame 11
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so that the foam layer 30 does not extend beyond the front frame surface
11a. Accordingly, the foam material can be deposited into the frame 11 so
that a foam layer 30 forms and may be flush with the front frame surface

11a dr contained between the front frame surface 11a and the rear frame

surface 11b.

[0054] As shown in Figures 20 and 21, the foam material can
be deposited into the frame 11 so that the foam layer 30 can expand to a
position intermediate the front frame surface 11a and rear frame surface

11b. A gap or opening 40 can therefore be formed between the foam layer
30 and the rear frame surface 11b to incorporate home utility components
42 such as electrical wires, cords, heating and cooling pipes, and plumbing
fixtures, as can be seen in Figures 13 and 14. As shown In Figure 22, a
barrier 72 may be positioned between adjacent primary support members
17 to prevent foam material from expanding into undesired areas (e.qg.,
window or door opening). A clamp 80 may be placed around the perimeter

of the frame 11 hold the frame while the foam Is deposited inside the frame
11.

[0055] As shown in Figure 21, the front frame surface 11a can
be placed over the rigid surface 50 without elevating the frame 11. The
foam material can be deposited into the frame 11 such that a foam layer 30
Is formed flush with the front primary support surfaces 17a and not the front

frame surface 11a.

[0056] As described above, the wall structure 10 can also
include secondary support members 20 and tertiary support members 22
that form a secondary cavity 26 within the frame 11. The described
methods therefore include constructing or otherwise providing a frame 11

having one or more secondary support members 20 and tertiary support

members 22. As shown in Figure 23, to prevent deposited foam material
from entering the secondary cavity 26, the dimensions of the secondary
support members 20 and/or tertiary support members 22 have a greater

height than the primary support members 17.
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[0057] After the foam layer 30 has expanded and cured, the
wall structure 10 can be removed from the rigid surface 51 and shipped to
a job site for use as a wall panel. Accordingly, the present invention is also

directed to a pre-fabricated wall panel comprising the wall structure

described in this specification.

[0058] The wall structure can be installed without any
additional steps, thereby reducing the number of sub-contractors necessary
“to complete the installation of a wall at a construction site. In addition, the
wall structure does not require additional materials such as exterior OSBs,
and house wrap that are typically used in current residential building
practices. Therefore, the wall structures described in this specification

decrease construction costs. The wall structures also decrease the overall

cost per square foot per R-value.

' [0059] The wall structures described in this specification also
can impart a higher wall racking strength and improve thermal performance
in comparison to existing wall solutions through the combination of the
foam layer and the sheathing board. Further, the wall structures described
in this specification can help meet future R-value industry standards that
are expected to increase in certain regions. With current fiberglass
insulation, builders would have to convert 2x4-based wall designs to 2x6-
based wall designs to ensure enough wall cavity capacity for additional

insulation to meet such higher standards.

[0060] The wall structures described in this specification can
also improve the consistency of installed insulation, and make it easy to
install electrical and plumbing components, including components
connected to exterior fixtures. The wall structures described in this

specification can be used in new building construction or in retrofit or repair

applications.
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EXAMPLES

[0061] Various features and characteristics of examples of the

invention include, but are not limited to, the following numbered clauses.

1. A wall structure comprising: a frame comprising: a first
member; a second member spaced apart from the first member; and two
side members extending between the first member and the second
member, wherein the first member, the second member, and the two side
members each comprise a front surface and a rear surface that form a front
frame surface and a rear frame surface; a sheathing board attached to the
front frame surface, and wherein the sheathing board, the first and second
members, and the two side members define a cavity within the frame; a
penetration attachment panel located within the cavity and in contact with a
rear-facing surface of the sheathing board; and a foam layer located within
the cavity, wherein the foam layer adheres to the penetration attachment
panel and the sheathing board, and wherein the foam layer encapsulates

the penetration attachment panel.

2. The wall structure of clause 1, further comprising a primary
support member positioned between the two side members and extending
between the first member and the second member, wherein the primary
support member comprises a front primary support surface and an opposite
rear primary support surface, and wherein the front primary support surface

corresponds to the front frame surface.

3. The wall structure of clause 2, wherein the rear primary support

surface corresponds to the rear frame surface.

4. The wall structure of clause 2 or clause 3, wherein the

sheath.ing board is attached to the front frame surface and the front primary

support surface.

5. The wall structure of any one of clauses 2-4, wherein the
sheathing board, the first and second members, one of the two side
members, and the primary support member define the cavity within the

frame.
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6. The wall structure of any one of clauses 1-5, wherein the
penetration attachment panel is not attached to the sheathing board and is
held in contact with the rear-facing surface of the sheathing board solely by

the encapsulation provided by the foam.

7. The wall structure of any one of clauses 1-5, wherein the
penetration attachment panel is attached to the sheathing board with an

adhesive.

8. The wall structure of clause 7, wherein the penetration
attachment panel is positioned on the sheathing board with one or more

positioning devices.

9. The wall structure of clause 7, wherein the penetration
attachment panel is attached to the sheathing board with an adhesive
comprising a foam material that is the same material comprising the foam

layer.

10. The wall structure of any one of clauses 1-9, wherein the
penetration attachment panel comprises a wood panel, a plywood panel,
an oriented strand board (OSB) panel, a wood-thermoplastic composite

panel, or a formed thermoplastic panel.

11.  The wall structure of any one of clauses 1-10, wherein the
sheathing board is attached to the front faces of the first and second

members, and to the front faces of the two side members, with fasteners.

12. The wall structure of clause 11, wherein the fasteners

comprise nails, staples, or screws, or a combination of any thereof.

13. The wall structure of any one of clauses 1-12, wherein the
sheathing board is attached to the front faces of the first and second
members, and to the front faces of the two side members, with an

adhesive.

14.  The wall structure of clause 13, wherein the adhesive
comprises a foam material that is the same material comprising the foam

layer.



CA 0299%42°71 2018-01-30

WO 2017/023917 PCT/US2016/045134
- 31 -

15. The wall structure of any one of clauses 1-14, wherein the
foam layer comprises a thickness extending from the rear-facing surface of
the sheéthing board to a position intermediate the front frame surface and
the rear frame surface such that a gap is formed within the frame between

a rear-facing surface of the foam layer and the rear frame surface.

16. The wall structure of any one of clauses 1-15, wherein the
frame further comprises one or more secondary support members
extending between two adjacent primary support members, or extending
between a primary support member and a side member, such that a

secondary opening is formed within the frame.

17. The wall structure of clause 16, wherein the secondary
opening Is free of foam, and a corresponding opening is present in the

sheathing board.

18. The wall structure of clause 16, wherein the frame further
comprises one or more tertiary support members extending between two
secondary support members, or extending between a secondary support

member and the first member or the second member.

19. The wall structure of any one of clauses 1-18, wherein the
foam layer comprises polyurethane or polyisocyanurate, or mixtures

thereof.

20. The wall structure of any one of clauses 1-19, wherein the
foam layer is substantially free of halogen-containing flame retardant

additives.

21. The wall structure of any one of clauses 1-20, wherein the
foam layer is completely free of halogen containing flame retardant

additives.

22. The wall structure of any one of clauses 1-21, wherein the
sheathing board comprises a polyiso board, an expanded polystyrene
board, an extruded polystyrene board, a gypsum board, a cement board,
an adhesive-bonded and laminated cellulosic fiberboard, an asphalt-

impregnated cellulosic fiberboard, a thermoset resin-wood composite
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board, a thermoset resin-mineral wool composite board, or a T1-11 siding
board.

23. The wall structure of any one of clauses 1-22, wherein the
sheathing board comprises a polyiso board comprising a polylsocyanurate
foam layer and a facer material attached to a front face and/or a rear face

of the polyisocyanurate foam layer.

24. The wall structure of any one of clauses 1-23, wherein the
sheathing board comprises facer materials attached to and substantially

covering the front face and the rear face of a core layer.

25. The wall structure of clause 23 or clause 24, wherein the facer
material comprises fiberglass mat, glass fiber-reinforced cellulosic felt,
coated and polymer-bonded fiber mat, foil, coated foil, foil/membrane

laminate, foil/glass composite, or polyolefin film.

26. The wall structure of any one of clauses 1-25, further
comprising a penetration opening {hrough the sheathing board, the
penetration attachment panel, and the foam layer, wherein the penetration
opening connects a front-facing surface of the sheathing board and a rear-

facing surface of the foam layer.

27. A method of manufacturing a wall structure comprising:
providing a frame, the frame comprising: a first member; a second
member spaced apart from the first member; and two side members
extending between the first member and the second member, wherein the
first member, the second member, and the two side members each
comprise a front surface and a rear surface that form a front frame surface
and a rear frame surface; attaching a sheathing board to the front frame
surface, wherein the sheathing board, the first and second members, and
the two side members define a cavity within the frame; positioning a
penetration attachment panel within the cavity and in contact with a rear-
facing surface of the sheathing board; and depositing a foam layer into the

cavity, wherein the foam layer covers the penetration attachment panel and

the sheathing board.
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28. The method of clause 27, further comprising curing the foam
layer, wherein the cured foam layer adheres to the penetration attachment
panel and the sheathing board, and wherein the cured foam layer

encapsulates the penetration attachment panel.

29. The method of clause 27 or clause 28, further comprising
depositing a layer of foam onto the rear-facing surface of the sheathing
board before positioning the penetration attachment panel within the cavity

and in contact with the rear-facing surface of the sheathing board.

30. The method of any one of clauses 27-29, further comprising
depositing a layer of foam onto the rear-facing surface of the sheathing

board before attaching the sheathing board to the front frame surface.

31. The method of any one of clauses 27-30, wherein the

positioning of the penetration attachment panel does not comprise

attaching the penetration attachment panel to the sheathing board.

32. The method of any one of clauses 27-30, wherein the
positioning of the penetration attachment panel comprises positioning the
penetration attachment panel on the sheathing board with one or more

positioning devices.

33. The method of any one of clauses 27-32, wherein the
attaching of the sheathing board to the front frame surface comprises
attaching the sheathing board to the front faces of the first and second
members, and fo the front faces of the two side members, with fasteners,
wherein the fasteners comprise nails, staples, or screws, or a combination

of any thereof.

34. The method of any one of clauses 27-33, wherein the
attaching of the sheathing board to the front frame surface comprises
attaching the sheathing board to the front faces of the first and second
members, and to the front faces of the two side members, with an

adhesive.
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35. The method of any one of clauses 27-34, wherein the foam
layer is deposited to a thickness extending from the rear-facing surface of
the sheathing board to a position intermediate the front frame surface and
the rear frame surface such that a gap is formed within the frame between

a rear-facing surface of the foam layer and the rear frame surface.

36. The method of any one of clauses 27-35, wherein the
sheathing board comprises a polyiso board comprising a polyisocyanurate
foam layer and facer materials attached to and covering a front face and a

rear face of the polyisocyanurate foam layer.

L

[0062] Various features and characteristics of the inventions
aré described in this specification to provide an overall understanding of the
disclosed wall structures and method of manufacture. It is understood that
the various features and characteristics described in this specification can
be combined in any suitable manner regardless of whether such features
and characteristics are expressly described in combination in this
specification. The Applicant expressly intends such combinations of
features and characteristics to be included within the scope of this
specification. As such, the claims can be amended to recite, in any
combination, any features and characteristics expressly or inherently
described in, or otherwise expressly or inherently supported by, this
specification. Furthermore, the Applicant reserves the right to amend the
claims to affirmatively disclaim features and characteristics that may be
present in the prior art, even if those features and characteristics are not
expressly described in this specification. Therefore, any such amendments
will not add new matter to the specification or claims, and will comply with
written description and sufficiency of description requirements (e.g., 35
U.S.C. § 112(a) and Article 123(2) EPC). The wall structures and methods
disclosed in this specification can comprise, consist of, or consist

essentially of the various features and characteristics described In this

specification.
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[0063] Also, any numerical range recited in this specification
describes all sub-ranges of the same numerical precision (/.e., having the
same number of specified digits) subsumed within the recited range. For
example, a recited range of “1.0 to 10.0" describes all sub-ranges between
(and including) the recited minimum value of 1.0 and the recited maximum
value of 10.0, such as, for example, “2.4 t0.7.6,” even if the range of "2.4 o
7.6” is not expressly recited in the text of the specification. Accordingly, the
Applicant reserves the right to amend this specification, including the
claims, to expressly recite any sub-range of the same numerical precision
subsumed within the ranges expressly recited in this specification. All such
ranges are inherently déscribed In this specification such that amending to
expressly recite any such sub-ranges will not add new matter to the
specification or claims, and will comply with written description and
sufficiency of description requirements (e.g., 35 U.S.C. §§ 112(a) and
Article 123(2) EPC). Additionally, numerical parameters described in this
specification should be construed in light of the number of reported
significant digits, the numerical precision of the number, and by applying
ordinary rounding techniques. It is also understood that numerical
parameters described in this specification will necessarily possess the
Inherent variability characteristic of the underlying measurement techniques

used to determine the numerical value of the parameter.

[0064] Any patent, publication, or other disclosure material
identified In this specification is incorporated by reference Into this
specification in its entirety unless otherwise indicated, but only to the extent
that the incorporated material does not conflict with existing descriptions,
definitions, statements, or other disclosure material expressly set forth In
this specification. As such, and to the extent necessary, the express
disclosure as set forth in this specification supersedes any conflicting
material incorporated by reference. Any material, or porfion thereof, that Is
incorporated by reference into this specification, but which conflicts with
existing definitions, statements, or other disclosure material set forth in this

specification, is only incorporated to the extent that no conflict arises
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between that incorporated material and the existing disclosure material.
Applicant reserves the right to amend this specification to expressly recite

any subject matter, or portion thereof, incorporated by reference.

[} B 1

[0065] The grammatical articles “one”, “a’, "an”, and “the”, as
used in this specification, are intended to include “at least one” or “one or
more”, unless otherwise indicated. Thus, the articles are used in this
specification to refer to one or more than one (i.e., to “at least one”) of the
grammatical objects of the article. By way of example, “a component”
means one or more components, and thus, possibly, more than one
component is contemplated and can be employed or used in an
implementation of the described processes, compositions, and products.
Further, the use of a singular noun includes the plural, and the use of a
plural noun includes the singular, unless the context of the usage requires

otherwise.
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CLAIMS
WHAT IS CLAIMED IS:

Claim 1. A wall structure comprising:

a frame comprising.

. a first member:;

a second member spaced apart from the first member; and

two side members extending between the first member and
the second member, wherein the first member, the second member, and
the two side members each comprise a front surface and a rear surface
that form a front frame surface and a rear frame surface;

a sheathing board attached to the front frame surface, wherein the
sheathing board, the first and second members, and the two side members
define a cavity within the frame:

a penetration attachment panel located within the cavity and In
contact with a rear-facing surface of the sheathing board and having a
penetration opening extending therethrough; and

a foam layer located within the cavity, wherein the foam layer
adheres to the penetration attachment panel and the sheathing board, and

wherein the foam layer encapsulates the penetration attachment panel.

Claim 2. The wall structure of Claim 1, wherein the penetration
attachment panel is not attached to the sheathing board and is held in
contact with the rear-facing surface of the sheathing board solely by the

encapsulation provided by the foam.

Claim 3. The wall structure of Claim 1, wherein the penetration

attachment panel is attached to the sheathing board with an adhesive.

Claim 4. The wall structure of Claim 1, wherein the penetration
attachment panel is positioned on the sheathing board with one or more

positioning devices.
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Claim 5. The wall structure of Claim 1, wherein the penetration
attachment panel comprises a wood panel, a plywood panel, an oriented
strand board (OSB) panel, a wood-thermoplastic composite panel, or a

formed thermoplastic panel.

Claim 6. The wall structure of Claim 1, wherein the sheathing board Is
attached to the front faces of the first and second members, and to the front

faces of the two side members, with fasteners.

Claim 7. The wall structure of Claim 1, wherein the sheathing board is
attached to the front faces of the first and second members, and to the front

faces of the two side members, with an adhesive.

Claim 8. The wall structure of Claim 1, wherein the foam layer comprises
a thickness extending from the rear-;-facing surface of the sheathing board
to a position intermediate the front frame surface and the rear frame
surface such that a gap is formed within the frame between a rear-facing

surface of the foam layer and the rear frame surface.

Claim 9. The wall structure of Claim 1, wherein the foam layer comprises

polyurethane or polyisocyanurate, or mixtures thereof.

Claim 10. The wall structure of Claim 1, wherein the sheathing board
comprises a polyiso board, an expanded polystyrehe board, an extruded
polystyrene board, a gypsum board, a cement board, an adhesive-bonded
and laminated cellulosic fiberboard, an asphalt-impregnated cellulosic
fiberboard, a thermoset resin-wood composite board, a thermoset resin-

mineral wool composite board, or a T1-11 siding board.

Claim 11. The wall structure of Claim 1, wherein the sheathing board
comprises a polyiso board comprising a polyisocyanurate foam layer and
- facer materials attached to a front face and a rear face of the

polyisocyanurate foam layer.
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Claim 12. The wall structure of Claim 11, wherein the facer materials
comprise fiberglass mat, glass fiber-reinforced cellulosic felt, coated and
polymer-bonded fiber mat, foil, coated foil, foil/membrane laminate,

foil/glass composite, or polyolefin film.

Claim 13. A method of manufacturing a wall structure comprising:
providing a frame, the frame comprising:
a first member;
a second member spaced apart from the first member; and
two side members extending between the first member and
the second member, wherein the first member, the second member, and
the two side members each comprise a front surface and a rear surface
‘that form a front frame surface and a rear frame surface;
attaching a sheathing board to the front frame surface, wherein the
sheathing board, the first and second members, and the two side members
define a cavity within the frame;
positioning a penetration attachment panel within the cavity and in
contact with a rear-facing surface of the sheathing board, wherein the
penetration attachment panel has a penetration opening extending
therethrough;
depositing a foam layer into the cavity, wherein the foam layer
covers the penetration attachment panel and the sheathing board; and
curing the foam layer, wherein the cured foam layer adheres 1o the
penetration attachment panel and the sheathing board, and wherein the

cured foam layer encapsulates the penetration attachment panel.

Claim 14. The method of Claim 13, further comprising depositing a layer
of foam onto the rear-facing surface of the sheathing board before
positioning the penetration attachment panel within the cavity and in

contact with the rear-facing surface of the sheathing board.
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Claim 15. The method of Claim 13, wherein the positioning of the
penetration attachment panel does not comprise attaching the penetration

attachment panel to the sheathing board.

Claim 16. The method of Claim 13, wherein the positioning of the
penetration attachment panel comprises positioning the penetration
attachment panel on the sheathing board with one or more positioning

devices.

Claim 17. The method of Claim 13, wherein the attaching of the
sheathing board to the front frame surface comprises attaching the
sheathing board to the front faces of the first and second members, and to
the front faces of the two side members, with fasteners, wherein the
fasteners comprise nails, staples, or screws, or a combination of any

thereof.

Claim 18. The method of Claim 13, wherein the attaching of the

sheathing board to the front frame surface comprises attaching the |
sheathing board to the front faces of the first and second members, and to

the front faces of the two side members, with an adhesive.

Claim 19. The method of Claim 13, wherein the foam layer Is deposited

to a thickness extending from the rear-facing surface of the sheathing

board to a position infermediate the front frame surface and the rear frame
surface such that a gap is formed within the frame between a rear-facing

surface of the foam layer and the rear frame surface.

Claim 20. The method of Claim 13, wherein the sheathing board '
comprises a polyiso board comprising a polyisocyanurate foam layer and

facer materials attached to and covering a front face and a rear face of the

polyisocyanurate foam layer.
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