Innovation, Sciences et Innovation, Science and CA 3056152 C 2023/07/25

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 056 1 52
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2018/04/03 (51) CLInt./Int.Cl. £E04B 9/22(2006.01),

(87) Date publication PCT/PCT Publication Date: 2018/10/11 £04C 2/00(2006.01)
(72) Inventeurs/Inventors:

(45) Date de délivrance/lssue Date: 2023/07/25 RICHARDSON, GEORGE DAVID, CA;
(85) Entrée phase nationale/National Entry: 2019/09/11 FANG, ZI LI, CA;
86) N° demande PCT/PCT Application No.: CA 2018/050409 KRIVULIN, SEMION, CA

(87) N° publication PCT/PCT Publication No.: 2018/184103 (73) Propriétaire/Owner:
o CFS CONCRETE FORMING SYSTEMS INC., CA
(30) Priorités/Priorities: 2017/04/03 (US62/481,111);

2017/10/27 (US62/578,287) (74) Agent: OYEN WIGGS GREEN & MUTALA LLP

(54) Titre : REVETEMENTS DE MAINTIEN EN PLACE A GRANDE PORTEE
(54) Title: LONGSPAN STAY-IN-PLACE LINERS

(57) Abrégé/Abstract:

A structure-lining apparatus comprising a plurality of transversely and longitudinally extending panels connectable to a structure
and connectable edge-to-edge via complementary connector components on their longitudinally extending edges. Each panel
comprises transversely extending edges generally orthogonal to their longitudinally extending edges. Each panel comprises first
and second complementary connector components on first and second longitudinally extending edges thereof. The apparatus
comprises at least one edge-to-edge connection between a first connector component of a first panel and a second connector
component of a second panel wherein a primary male connector component of the second connector component of the second
panel is extended into a primary female connector component of the first connector component of the first panel and a secondary
male connector component of the first connector component of the first panel is extended into a secondary female connector
component of the second connector component of the second panel.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191



wo 20187184103 A1 | 0E 00000 00

CA 03056152 2019-09-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 October 2018 (11.10.2018)

(10) International Publication Number

WO 2018/184103 A1

WIPO I PCT

(51) International Patent Classification:
E04B 9/22 (2006.01) E04C 2/00 (2006.01)

(21) International Application Number:

(CA). FANG, Zi Li; 409-250 Francis Way, New West-
minster, British Columbia V3L 0OE6 (CA). KRIVULIN,
Semion; 1503-6333 Katsura Street, Richmond, British Co-
lumbia V6Y 4L9 (CA).

PCT/CA2018/050409
(22) International Filing Date: (74) Agent: RATTRAY, Todd A.ctal,; Sul.te. 480 - The Statlon,
. 601 W. Cordova Street, Vancouver, British Columbia V6B
03 April 2018 (03.04.2018)
1G1 (CA).
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(30) Priority Data: , CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
62/481,111 03 April 2017 (03.04.2017) Us DZ. EC. EE. EG. ES. FL GB. GD. GE. GH. GM. GT. HN
62/578,287 27 October 2017 (27.10.2017)  US HR, HU, ID, IL, IN,, IR, IS, JO, JP, KE, KG, KI, KN, KP,
(71) Applicant: CFS CONCRETE FORMING SYSTEMS KR,KW,KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
INC. [CA/CA]; 520-885 Dunsmuir Street, Vancouver, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
British Columbia V6C 1IN5 (CA). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. . SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(72) Invent01.‘s. RICHARDSON, G.e.:orge Dav1.d, 520-885 TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Dunsmuir Street, Vancouver, British Columbia V6C 1N5
(54) Title: LONGSPAN STAY-IN-PLACE LINERS
2 34
34C
g f_36E
- :‘;':::Z:\\qu/j;; N - /
= < .
4 () W\L;{/
//;ﬁ: 34E
( 341 N 736D
12-1 )

—z—

FIG. 5A
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structure and connectable edge-to-edge via complementary connector components on their longitudinally extending edges. Each panel
comprises transversely extending edges generally orthogonal to their longitudinally extending edges. Each panel comprises first and
second complementary connector components on first and second longitudinally extending edges thereof. The apparatus comprises at
least one edge-to-edge connection between a first connector component of a first panel and a second connector component of a second
panel wherein a primary male connector component of the second connector component of the second panel is extended into a primary
female connector component of the first connector component of the first panel and a secondary male connector component of the first
connector component of the first panel is extended into a secondary female connector component of the second connector component

of the second panel.
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Longspan Stay-in-Place Liners

Related Applications
[0001] This application claims priority from US application No. 62/578,287 filed 27 October
2017 and US application No. 62/481,111 filed 3 April 2017.

Technical Field

[0002] This invention relates to structure lining apparatus. Particular embodiments of the
invention provide structure lining apparatus for ceilings.

Background

[0003] In some buildings or structures, walls and/or ceilings may be provided by one or
more panels or claddings to improve aesthetics, facilitate cleaning, improve hygiene, etc.
[0004] A problem with prior art systems is that panels employed for ceilings tend to sag
(e.g. in the inward-outward direction) under their own weight and the weight of anything
supported by the panels (e.g. insulation). In other words, panels that have a relatively flat
shape may develop a relatively convex shape. Sagging may occur across one or both of the
longitudinal dimension of a panel and the transverse dimension of the panel. Typically, a
region near the center of an unsupported region of a panel (e.g. a region that experiences
sag in both the transverse and longitudinal dimensions) exhibits a maximum amount of sag.
[0005] Deformation of panels due to sagging can lead to a number of related problems
including, without limitation, unsightly ceiling appearance, panel fatigue, reduction in
structural integrity and/or the like.

[0006] One way to reduce sag is to reduce the length of unsupported sections of panel.
This can be accomplished by increasing the number of roof trusses (or other supports for
the panels). However, this technique is known to raise construction time and costs.
[0007] There is accordingly a general desire to provide a structure lining apparatus that
minimizes and/or otherwise reduces (in relation to the prior art) outward deformation of

panels due to sagging, without increasing construction time and costs.

Date regue/Date received 2023-02-17



10

15

20

25

30

CA 03056152 201%-09-11

WO 2018/184103 PCT/CA2018/050409

Brief Description of the Drawings

[0008] Exemplary embodiments are illustrated in referenced figures of the drawings. Itis
intended that the embodiments and figures disclosed herein are to be considered illustrative
rather than restrictive.

[0009] Figure 1 is an elevated perspective view of a structure having a ceiling partially clad
by a structure lining apparatus according to one embodiment of the invention.

[0010] Figure 2 is a cross-section of a connection of two panels of a structure cladding
apparatus according to one embodiment of the invention.

[0011] Figure 3 is a detail view of the first connector of a panel of a structure cladding
apparatus according to the Figure 2 embodiment.

[0012] Figure 3A is a detail view of a portion A (as labelled in Figure 3) of the first connector
of a panel of a structure cladding apparatus according to the Figure 2 embodiment.

[0013] Figure 3B is a detail view of a portion B (as labelled in Figure 3) of the first connector
of a panel of a structure cladding apparatus according to the Figure 2 embodiment.

[0014] Figure 4 is a detail view of the second connector of a panel of a structure cladding
apparatus according to the Figure 2 embodiment.

[0015] Figure 4A is a detail view of a portion A (as labelled in Figure 4) of the second
connector of a panel of a structure cladding apparatus according to the Figure 2
embodiment.

[0016] Figure 4B is a detail view of a portion B (as labelled in Figure 4) of the second
connector of a panel of a structure cladding apparatus according to the Figure 2
embodiment.

[0017] Figures 5A to 5G are cross-sectional profile views of the formation of a connection of
two panels of the structure cladding apparatus of the Figure 2 embodiment.

[0018] Figures 5H and 5| are cross-sectional profile views of a starter piece and end piece,
respectively, of the structure cladding apparatus of the Figure 2 embodiment.

[0019] Figures 5J to 5M are cross-sectional profile views of trim pieces of the structure
cladding apparatus of the Figure 2 embodiment.

[0020] Figure 6A is a cross-sectional profile view of a panel of the structure cladding
apparatus of the Figure 2 embodiment.

[0021] Figures 6B to 6F are cross-sectional profile views of portions of a panel according to
another embodiment of a structure cladding apparatus.
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[0022] Figure 6G is a cross-sectional profile view of a panel of another embodiment of a
structure cladding apparatus.

[0023] Figure 6H is a cross-sectional profile view of a portion of a panel of another
embodiment of a structure cladding apparatus wherein the break lines indicate that a central
portion of the panel is not depicted.

[0024] Figures 6] and 6J are cross-sectional profile views of panels of additional
embodiments of a structure cladding apparatus

[0025] Figure 7A is a cross-sectional profile view of a panel of another structure cladding
apparatus according to one embodiment of the invention.

[0026] Figure 7B is an elevated perspective view of an internal panel stiffener according to
the Figure 7A embodiment.

[0027] Figure 8 is a cross-sectional plan view of a panel of a structure lining apparatus
according to another embodiment of the invention.

[0028] Figure 8A is a detail view of a portion A (as labelled in Figure 8) of the second
connector of a panel of a structure cladding apparatus according to the Figure 2
embodiment.

[0029] Figures 9A to 9C are cross-sectional profile views of the formation of a connection of
two panels of the structure cladding apparatus of the Figure 8 embodiment.

[0030] Figure 10 is a cross-sectional plan view of a panel of a structure lining apparatus
according to another embodiment of the invention.

[0031] Figures 11A to 11D are cross-sectional profile views of the formation of a connection
of two panels of the structure cladding apparatus of the Figure 10 embodiment.

[0032] Figure 12 is a cross-sectional profile view of a panel of another structure cladding
apparatus according to one embodiment of the invention.

[0033] Figure 13 is a cross-sectional plan view of a panel of a structure lining apparatus
according to the Figure 12 embodiment.

[0034] Figure 14A is a cross-sectional plan view of a panel of a structure lining apparatus
according to another embodiment of the invention.

[0035] Figure 14B is a cross-sectional profile view of the formation of a connection of two
panels of the structure cladding apparatus of the Figure 10 embodiment.

[0036] Figures 15A and 15B are cross-sectional profile views of a connection of two panels
of a structure lining apparatus according to another embodiment of the invention.
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[0037] Figures 16A to 16C are cross-sectional profile views of a connection of two panels of
a structure lining apparatus according to another embodiment of the invention.

[0038] Figures 17A to 17C are cross-sectional profile views of a connection of two panels of
a structure lining apparatus according to another embodiment of the invention. Figure 17D
is a cross-sectional profile view of a portion of a panel of a structure lining apparatus
according to another embodiment of the invention.

[0039] Figures 18A and 18B are cross-sectional profile views of a connection of two panels
of a structure lining apparatus according to another embodiment of the invention. Figures
18C and 18D are cross-sectional profile views of a connection of two panels of a structure
lining apparatus according to another embodiment of the invention.

[0040] Figure 19 is an elevated perspective view of a mounting tab reinforcer installed on a
panel of a structure lining apparatus according to one embodiment of the invention.

[0041] Figure 20A is a side view of a mounting tab reinforcer according to the Figure 19
embodiment.

[0042] Figure 20B is a top plan of a mounting tab reinforcer according to the Figure 19
embodiment.

[0043] Figure 21 is an elevated perspective view of anocther mounting tab reinforcer
installed on a panel of a structure lining apparatus according to one embodiment of the
invention.

[0044] Figure 22 is an elevated perspective view of a mounting tab reinforcer according to
the Figure 21 embodiment.

Description

[0045] Throughout the following description specific details are set forth in order to provide
a more thorough understanding to persons skilled in the art. However, well known elements
may not have been shown or described in detail to avoid unnecessarily obscuring the
disclosure. Accordingly, the description and drawings are to be regarded in an illustrative,
rather than a restrictive, sense.

[0046] Particular aspects of the invention provide modular methods and apparatus for
providing lining surfaces of a structure. In particular embodiments, a portion of a structure is
lined with a structure lining apparatus comprising a plurality of structure lining panels and a
plurality of panel-to-panel connector components to create a lining surface. The panels,

which may extend in longitudinal and transverse directions, are interconnected with one
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another in edge-to-edge relationship at their longitudinally extending edges by the panel-to-
panel connector components, to line at least a portion of the structure. The panel-to-panel
connector components may: be integrally formed with the panels or connect to the panels
via suitably configured connector components. The panel-to-panel connector components
may comprise features which may extend in the longitudinal and transverse directions (e.g.
in a plane parallel to the panels). In particular embodiments, the connecting features
comprise double male/female connections. In some embodiments, the complementary
connector components may be shaped to form a locked configuration by pivoting and/or
sliding the connector components relative to one another.

[0047] In particular embodiments, the portion of the structure to be lined comprises a
portion of a ceiling of the structure. In such embodiments, complementary connector
components may be shaped such that a first connector component of a first panel can be at
least partially suspended from a second connector component of a second panel during
installation. In some embodiments, the suspended second panel may be connected to the
first panel by pivoting the second panel and then sliding the first and second connector
components toward one another to engage primary male and female connectors and
optionally secondary male and female connectors of the first and second connector
components to achieve a locked configuration.

[0048] One particular non-limiting example of a structure that might be lined with a structure
lining apparatus according to the invention is a building have a roof supported by roof
trusses, such as, a barn or hangar or any other building structure. In other embodiments,
the structure may have a ceiling lined with plywood, or the like. Figure 1 depicts a building
having a roof supported by a plurality of roof trusses 40A. Roof trusses 40A extend in the
tfransverse direction 16 {(shown by double-headed arrow 16) and inward-outward direction
24 (shown by double-headed arrow 24). In particular embodiments, a plurality of panels
may be attached to roof trusses 40A such that each panel is attached to a plurality of roof
trusses 40A at locations spaced apart along the panel in the longitudinal direction by spaces
40B and the plurality of panels may be attached to one another in an edge-to-edge
relationship to extend across at least a portion of a transverse width of the plurality of roof
trusses 40A.

[0049] Figure 1 depicts a structure lining apparatus 10 according to a particular non-limiting
embodiment of the invention. In the illustrated embodiment, structure-lining apparatus 10 is

a lining apparatus used to line a ceiling of building structure 40. Structure lining apparatus
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10 comprises a plurality of generally planar panels 12 which extend in a longitudinal
dimension (shown by double-headed arrow 19) and in a transverse dimension (shown by
double-headed arrow 16). Panels 12 may be attached to supports 40A of structure 40 by
fasteners 50 shown in Figure 2. Panels 12 are disposed in edge-to-edge relationship with
one another along their longitudinally extending edges 20, 22. It will be appreciated from the
drawings that longitudinally extending edges 20, 22 extend in longitudinal directions 19. The
edge-to-edge configuration of panels 12 provides a structure-lining surface 26 as described
in more detail below.

[0050] It should be understood that Figure 1 provides a general embodiment of a structure
lining apparatus 10 having panels 12. Unless the context dictates otherwise, further
embodiments described herein (e.g. panels 112, connector components 134, 136) may use
like numbering to show that they are particular embodiments of structure lining apparatus
10. For example, panel 112 is a particular embodiment of panel 12.

[0051] In particular embodiments, panels 12 are fabricated from suitable plastic as a
monolithic unit using an extrusion process. By way of non-limiting example, suitable plastics
include: poly-vinyl chloride (PVC), acrylonitrile butadiene styrene (ABS) or the like. In other
embodiments, panels 12 may be fabricated from other suitable materials, such as
composite materials (e.g. a combination of one or more resins and natural and/or synthetic
materials), for example. Although extrusion is one particular technique for fabricating panels
12, other suitable fabrication techniques, such as injection molding, stamping, sheet metal
fabrication techniques or the like may additionally or alternatively be used. In some
embodiments the structure cladding may be made of material that is suitable for food
storage applications. In some embodiments, the interfaces between adjacent panels are
tight enough to be suitable for food storage applications. In some applications these
interfaces are watertight.

[0052] In some embodiments, a surface of panels 12 may be provided with a non-smooth
texture (e.qg. roughened and/or piled texture) or other bondable surface (not explicitly
shown) to facilitate bonding of panels 12 to concrete during fabrication (e.g. as the concrete
solidifies). In particular embodiments, the non-smooth texture panels 12 may have a
dimension (in inward-outward direction 24) that is greater than 2.5% of the thickness of
panel 12 in inward-outward direction 24. In particular embodiments, the non-smooth texture
of panel 12 may have a dimension (in inward-outward direction 24) that is greater than 1%

of the thickness of panel 12 in inward-outward direction 24. In other embodiments, the non-
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smooth texture of panel 12 may have a dimension (in inward-outward direction 24} that is
greater than 0.25% of the thickness of panel 12 in inward-outward direction 24. In some
embodiments, panel 12 (and/or its inner surface) may comprise a material having physical
or chemical properties that bonds naturally to concrete as the concrete solidifies (e.g.
acrylonitrile butadiene styrene (ABS) plastic or the like).

[0053] In some embodiments, panels 12 are prefabricated to have different longitudinal
dimensions (double-headed arrow 19 of Figure 1). In other embodiments, the longitudinal
dimensions of panels 12 may be cut to length. Panels 12 may be relatively thin in the
inward-outward direction (double-headed arrow 24 in Figure 1) in comparison to the inward-
outward dimension of the resultant wall segments fabricated using wall-lining apparatus 10.
In some embodiments, the ratio of the inward-outward dimension of a wall segment to the
inward-outward dimension of a panel 12 is in a range of 10-600. In some embodiments, the
ratio of the inward-outward dimension of a wall segment to the inward-outward dimension of
apanel 12 is in a range of 20-300.

[0054] Figure 2 shows detail of an edge-to-edge connection 32 of transversely adjacent
panels 12 of structure-lining apparatus 10. In particular, Figure 2 depicts a transverse cross-
section (i.e. a cross section in a plane defined by the transverse and inward-outward
directions) of edge-to-edge connection 32. In the illustrated embodiment, longitudinally
extending edge 20 of a first panel 12 comprises a first connector 34 and opposing
longitudinally extending edge 22 of a transversely adjacent second panel 12 comprises a
complementary second connector 36. In the illustrated embodiment, second connector 36 is
received in first connector 34 by hooking, pivoting, sliding and locking (e.g. snapping
together) second connector 36 relative to first connector 34 as will be described in more
detail herein. It will be appreciated that connector components 34, 36 represent only one set
of suitable connector components which could be used to connect panels 12 in edge-
adjacent relationship and that many other types of connector components could be used in
place of connector components 34, 36. By way of non-limiting example, such connector
components may be used to form slidable connections, deformable “snap together”
connections, pivotable connections, or connections incorporating any combination of these
actions and others.

[0055] First connector component 34 may comprise a primary female connector 35A and a
secondary male connector 35B while second connector 36 may comprise a primary male

connector 37A and a secondary female connector 37B. Connection 32 may be formed
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when primary male connector 37A engages primary female connector 35A and secondary
male connector 37B engages secondary female connector 35B. This double male/female
connector connection 32 functions to improve engagement of connection 32 and prevents
disengagement of connection 32 upon sagging of one or more panels 12, or failure of one
or more fasteners 50 and also serves to reduce sagging of panels 12 both longitudinally and
transversely. In this way, it may be possible to employ panels 12 having greater transverse
dimensions than is traditionally possible and/or safe.

[0056] Figures 3, 3A and 3B depict a detail view of first connector 34 according to one
embodiment of the invention. Although not depicted in Figures 3, 3A and 3B, first connector
34 extends in longitudinal direction 19. In some embodiments, first connector 34 extends
along the entire longitudinal dimension of panel 12. This is not mandatory. In other
embodiments, first connector 34 extends along only a portion of the longitudinal dimension
of panel 12. First connector 34 comprises a primary female connector 37A defined by a first
inner component 34A and a first outer component 34B and a secondary male connector
35B comprising first finger 34G.

[0057] First inner and outer components 34A, 34B may extend in a generally transverse
direction 16 from longitudinally extending edge 20 of panel 12. In some embodiments, first
inner component 34A extends generally parallel to first outer component 34B, although this
is not mandatory. In some embodiments, a corner defined by an intersection of
longitudinally extending edge 20 and first inner component 34A is reinforced with additional
material or one or more trusses to reduce bending of first inner component 34A relative to
longitudinally extending edge 20. A transverse dimension of first inner component 34A may
be greater than a transverse dimension of first outer component 34B, as shown in Figure 3.
[0058] First inner component 34A may comprise a mounting tab 38 having one or more
apertures for receiving fasteners 50 spaced apart longitudinally, although not depicted. The
apertures of mounting tab may be circular or elongated. Mounting tab 38 may be similar to
mounting tab 438 depicted in Figure 19, although this is not mandatory. First inner
component 34A may comprise a first finger 34G, as shown in greater detail in Figure 3B.
First finger 34G extends from a distal end of first inner component 34A. A first portion 34G-1
extends generally in inward-outward direction 24 toward first outer component 34B from the
distal end of first inner component 34A at an angle, a. In some embodiments, angle a is
approximately equal to 902, such as is depicted in Figure 3B. This is not mandatory. In other

embodiments, angle, a, may be more or less than 90°. A second portion 34G-2 is
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connected to first portion 34G-1 by a knuckle 341 such that second portion 34G-2 extends at
an angle, B, from first portion 34G-1. In some embodiments, angle, B, is an acute angle
(e.g. less than 90°), as is depicted in Figure 3B. This is not mandatory, angle, B, may be
equal to or more than 90°.

[0059] A distal end of finger 34G comprises a first hook tip 34H extending in inward-outward
direction 24 away from outer component 34B. First hook tip 34H may comprise a bevelled
outer surface 34J and a first hook concavity surface 34K that defines a hooked concavity
having an angle, y;, with respect t0 second portion 34G-2. Angle, v, may be an acute angle
(e.g. less than 909), as is depicted in Figure 3B. This is not mandatory, angle, y{, may be
equal to or more than 90°. In some embodiments, angles a, B are chosen such that second
portion 34G-2 extends partially in inward-outward direction 24 away from first outer
component 34B to create a space 37 (as shown in Figure 2) where second portion 34G-2
can resiliently deform to make connection 32, as will be discussed further herein.

[0060] First outer component 34B may comprise a barb 34D. Barb 34D extends from a
distal end of first outer component 34B in a generally inward-outward direction 24 toward
first inner component 34A, at an angle, 6. In some embodiments, angle 6 is approximately
equal to 909, such as is depicted in Figure 3A. This is not mandatory. In other embodiments,
angle, 8, may be more or less than 90°. An inward-outward dimension of barb 34D may be
less than the distance between first inner and outer components 34A, 34B such that a gap
34L is formed between tip 34E of barb 34D and inner component 34A. A distal tip 34E of
barb 34D may be rounded, as depicted in Figure 3A, although this is not mandatory.

[0061] Outer surface 34M of first outer component 34B may define a groove 34F. Groove
34F may be located at a corner defined by outer surface 34M and barb 34D. Groove 34F
may comprise any suitable cross-sectional shape in a plane defined by the transverse and
inward-outward directions. Groove 34F may be shaped to receive a corresponding tongue
of second connector 34, as discussed further herein.

[0062] Figures 4, 4A and 4B depict a detail view of second connector 36 according to one
embodiment of the invention. Although not depicted in Figures 4, 4A and 4B, second
connector 36 extends in longitudinal direction 19. In some embodiments, second connector
36 extends along the entire longitudinal dimension of panel 12. This is not mandatory. In
other embodiments, second connector 36 extends along only a portion of the longitudinal
dimension of panel 12. Second connector 36 comprises a primary male connector 37A

comprising hook 36G and a secondary female connector 37B defined by a second inner
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component 36A and a second outer component 36B. Second inner and outer components
36A, 36B may extend in a generally transverse direction 16 from longitudinally extending
edge 22 of panel 12. In some embodiments, second inner component 36A extends
generally parallel to second outer component 36B, although this is not mandatory. A
transverse dimension of second inner component 36A may be less than a transverse
dimension of second outer component 36B, as shown in Figure 4.

[0063] Second inner component 36A may comprise a second finger 36G as best depicted
in Figure 4B. Second finger 36G extends from a distal end of second inner component 36A.
Second finger 34G may extend generally parallel to first inner component 36A (e.g. extend
primarily in transverse direction 16). This is not mandatory. Second finger 36G may extend
from second inner component 36A or longitudinally extending edge 22 at a non-zero angle
with respect to transverse direction 16. A distal end of second finger 36G comprises a
second hook tip 36H extending in inward-outward direction 24 toward second outer
component 36B. Second hook tip 36H may comprise a bevelled outer surface 36J and a
second hook concavity surface 36K that defines a hooked concavity having an angle, y.,
with respect to second finger 36G. Angle, vy, is an acute angle (e.g. less than 909), as is
depicted in Figure 4. This is not mandatory, angle, y2, may be equal to or more than 90°. As
can be seen from Figure 4B, second finger 34G may be recessed from an inner-most
portion of longitudinally extending edge 22 by an inward-outward dimension 33 thereby
leaving space for second finger 34G to resiliently deform without contacting structure 40
during the formation of connection 32.

[0064] Second outer component 36B may comprise a hook 36D as best depicted in Figure
4A. Hook 36D extends from a distal end of second outer component 36B. Hook 36D
comprises first, second and third hook portions 36D-1, 36D-2, 36D-3. First hook portion
36D-1 extends at an angle, ¢4, from second inner component 36A. As can be seen from
Figure 4, angle, ¢4, is less than 90°. This is not mandatory, angle, ¢+, may be equal to or
more than 902. Second hook porticn 36D-2 extends at an angle, @2, from first hook portion
36D-1. In some embodiments, angle, ¢4, is equal to angle, ¢., such that second hook
portion 36D-2 extends generally in the same direction as second outer component 36B (e.g.
in transverse direction 16). Third hook portion 36D-3 extends from second hook portion
36D-3 at an angle, ¢3, from second hook portion 36D-2. In some embodiments, angle, @3, is
such that third hook portion 36D-3 extends generally in inward-outward direction 24. A distal

portion of third hook portion 36D-3 may extend back toward first hook portion 36D-1, as
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depicted in Figure 4A, to define a hook concavity 36E that may open in longitudinal direction
19 toward first portion 36D-1 and may be shaped to receive barb tip 34E, as will be
discussed further herein. A distal end of third hook portion 36D-3 may be rounded, as
depicted in Figure 4. This is not mandatory. Together, first, second and third hook portions
36D-1, 36D-2, 36D-3 define recess 36C and opening 36L of hook 36D.

[0065] Outer surface 36M of second outer component 36B may extend past first hook
portion 36D-1 to define a tongue 36F. Tongue 36F may extend in transverse direction 16
from one or both of outer surface 36M and first hook portion 36D-1. For example, tongue
36F may comprise any suitable cross-sectional shape in a plane defined by the transverse
and inward-outward directions. Tongue 36F may be complementary in shape to groove
34F.

[0066] Although not depicted, one or more nubs may protrude from second hook portion
36D-2 in a generally inward-outward direction. The nubs may comprise any suitable shape.
In some embodiments, the nubs are rounded so as to reduce friction between the nubs and
inner connector component 34A as first and second connectors 34, 36 are slid together in
transverse direction 16. The nubs may also contact inner connector component 34A when
connection 32 is formed, thereby providing support to inner connector component 34A and
reducing bending of inner connector component 34A. The nubs may also prevent hook 36D
from moving in inward-outward direction 24 when connection 32 is formed, thereby
increasing the security of connection 32 and helping to maintain hook 36D within recess
34C.

[0067] In some embodiments, second outer component 36B is solid while in other
embodiments, second outer component 36B comprises an inner portion 36B-1 and an outer
portion 36B-2 spaced apart by one or more channels 36B-3. The one or more channels
36B-3 may be separated from one another by one or more braces 36B-4. Channels 36B-3
and braces 36B-4 may increase the stiffness of second outer component 36B while
minimizing the weight of second outer component 36B. Although not depicted, first inner
component 34A may have a similar construction to second outer component 36B (e.g. it
may be hollow and have one or more longitudinally extending channels formed therein).
[0068] Figures 5A-5E are partial cross-sectional views of the formation of an exemplary
connection 32 between first connector 34 and second connector 36 of panels 12.

[0069] Figure 5A shows first connector 34 and second connector 36 prior to the formation of

edge-to-edge connection 32. In the illustrated embodiment, first panel 12-1 and second
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panel 12-2 are oriented generally orthogonally to one another {e.g. first panel 12-1 is
arranged at an angle, g, with respect to second panel 12-1 and angle, y, is approximately
equal to 909) in preparation for forming connection 32. For example, as depicted in Figure
BA, first panel 12-1 is arranged to extend generally in transverse direction 16 and
longitudinal direction 19 while second panel 12-2 is arranged to extend generally in inward-
outward direction 24 and longitudinal direction 19. In other embodiments, angle, w, may not
be equal to 90° prior to formation of connection 32. For example, angle, g, may be
anywhere between 30° and 150°.

[0070] As can be seen from Figure 5A, third hook portion 36D-3 is passed through gap 34L
as first connector 34 begins to engage second connector 36. Once, the distal end of third
hook portion 36D-3 enters into recess 34C, second panel 12-1 may be moved in inward-
outward direction 24 such that barb tip 34E of barb 34D protrudes into hook concavity 36E,
as depicted in Figure 5B.

[0071] When first panel 12-1 is installed as a ceiling panel, second panel 12-1 may be able
to hang from first panel 12-1 in the Figure 5B hanging configuration due to the protrusion of
barb 34D into hook concavity 36E. In the hanging configuration, panels 12-1, 12-2 may be
oriented relative to each other by angle, w, where angle, y, is between approximately 10-
170°. In some embodiments, angle, y, is between approximately 70-110°. This may
provide a number of advantages. First, this may allow for all or substantially all of the weight
of second panel 12-2 to be supported by first panel 12-1 which may allow the installer to
take a break or prepare for the installation steps that follow. It may also improve the ease
with which second panel 12-2 can be manoeuvered since at least some of its weight is
supported by first panel 12-1. It may also ensure that even if longitudinally extending edge
20 of a panel becomes unattached from one or more supports 40A of structure 40, panel
12-2 will merely hang from longitudinally extending edge 22 of panel 12-1 instead of
crashing to the ground. Given that second panel 12-2 is held vertically {or close thereto)
while it is hooked onto first panel 12-1 {(e.g. in Figure 5A), second panel 12-1 is less likely to
sag along either of its transverse or longitudinal dimensions under its own weight during
manoeuvering. A reduction of such sag simplifies the task of lining up second connector 36
of second panel 12-2 with first connector 34 of first panel 12-1.

[0072] As can be seen from Figures 5C and 5D, second panel 12-2 is brought into
alignment with first panel 12-1 by pivoting second panel 12-2 in direction 18 (e.g. counter-

clockwise in the illustrated embodiment). As second panel 12-2 pivots, it may also slide in
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transverse direction 16 thereby causing barb 34D to move deeper into recess 36L. Beveled
portion 34D-1 of barb 34D may cause panel 12-2 to slide in transverse direction 16 as panel
12-2 is pivoted into alignment with panel 12-1. This is not mandatory. Advantageously,
since longitudinally extending edge 22 of second panel 12-2 is supported by first panel 12-
1, fewer installers may be employed to pivot second panel 12-2 since only longitudinally
extending edge 20 of second panel 12-2 may need to be raised.

[0073] In other embodiments, hook 36D and recess 34C are shaped such that primary male
connector 35A and primary female connector 37A may be connected by relative transverse
movement of first and second connectors 34, 36 and without pivoting of panels 12-1, 12-2.
In some embodiments, one or more of hook 36D and outer connector component 34B is
resiliently deformed during the connection of primary male connector 35A and primary
female connector 37A and is at least partially restoratively deformed to maintain the
connection between primary male connector 35A and primary female connector 37A.
[0074] Rotation, or pivoting, of second panel 12-2 continues (e.g. as shown in Figure 5D)
until first and second panels 12 are aligned in a plane defined by the transverse and
longitudinal directions, as shown in Figure 5E. When alignment is achieved longitudinally
extending edge 20 may contact the structure 40 (or support 40A) to which it is being
attached. As can be seen from Figure 5E, when first and second panels 12 are first aligned,
second panel may be able to slide somewhat in transverse direction 16 relative to first panel
12-1, without deforming either one of first and second connectors 34, 36. Such relative
transverse movement of second panel 12-2 toward first panel 12-1 may be limited by first
hook tip 34H contacting second hook tip 36H and/or such relative transverse movement of
second panel 12-2 away from first panel 12-1 may be limited by tongue 36F contacting
groove 34F or seal 52. In some embodiments, third portion 36D-3 of hook 36D has an
inward-outward dimension that is greater than an inward-outward dimension of gap 34L
such that when first and second panels 12-1, 12-2 are aligned (such as in Figure 5E), third
hook portion 36D-3 cannot be removed from recess 34C by moving panels 12-1, 12-2 apart
in transverse direction 16.

[0075] Connection 32 may be achieved by sliding second panel 12-2 in transverse direction
16 toward first panel 12-1 such that one or both of first finger 34G and second finger 36G
resiliently deform to allow first hook tip 34H to pass over second hook tip 36H. To achieve
this, one or both of first and second portions 34G-1, 34G-2 of first finger 34G may resiliently

deform (e.g. first portion 34G-1 may move in transverse direction 16 and/or second portion
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34G-2 may move in inward-outward direction 24) such that first hook tip 34H moves in
inward-outward direction 24 to allow second hook tip 36H to move in transverse direction 16
over first hook tip 34H. Movement of first hook tip 34H may be facilitated by deformation of
secondary male connector 35B which causes a reduction of angle a and/or an increase of
angle B. As can be seen from Figure 5F, angles, a, and B may be such that first and
second portions 34G-1, 34G-2 of first finger 34G have sufficient space 37 to resiliently
deform without contacting second connector 36. Alternatively or additionally, second finger
36G may resiliently deform such that second hook tip 36H moves in inward-outward
direction 24 to allow second hook tip 36H to move in transverse direction 16 over first hook
tip 34H. Second finger 36G may have sufficient space to deform without contacting
structure 40 due to second finger 36G being recessed from an inner-most portion of
longitudinally extending edge 22 by inward-outward dimension 33. Deformation of either or
both of first and second fingers 34G, 36G may be facilitated by beveled surfaces 34J, 36J,
which may tend to facilitate deformation of first and second fingers 34G, 36G in response to
movement of panels 12-1 and 12-2 toward one another in transverse direction 16.

[0076] Figure 5F shows second connector 36 fully inserted in to first connector 34. In other
words, primary male connector 35A is engaged with primary female connector 37A and
secondary male connector 35B is engaged with secondary female connector 37B. To
achieve this, after one or both of first and second fingers 34G, 36G are resiliently deformed
and second hook tip 36H passes over first hook tip 34H, one or both of first and second
fingers 34G, 36G begin to restoratively deform or snap back (e.g. due to the restorative
deformation forces associated with the resilient deformation), at least partially, toward their
non-deformed shapes. In some embodiments, one or both of first and second fingers 34G,
36G resiliently snap back (e.g. due to the restorative deformation forces associated with the
resilient deformation) to their non-deformed shapes. In other embodiments, one or both of
first and second fingers 34G, 36G only partially resiliently snap back toward their non-
deformed shapes, causing one or both of first and second fingers 34G, 36G to continue to
apply force against the opposing finger to thereby maintain locked engagement of first and
second fingers 34G, 36G after connection 32 is formed. Such locked engagement of first
and second fingers 34G, 36G may be sufficient to prevent panels 12-1, 12-2 from being
pulled apart in transverse direction 16 (i.e. such locked configuration of first and second
fingers 24G, 36G provides more than merely a locating mechanism to provide feedback

when panels 12-1, 12-2 are spaced apart by a desired amount). To prevent connection 32
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from releasing {(or reduce the risk thereof) when connectors 34, 36 are being pulled apart
from one another in transverse direction 16 due to, for example, thermal contraction of
panels 12-1, 12-2, secondary male connector 35B may deform such that an increase of
angle a and/or an increase of angle B occurs to effectively increase the length of male
connector 35B thereby maintaining hook tips 34H, 36H in contact with one another.

[0077] As can be seen by comparing Figures 5F and 5G, first and second connectors 34,
36 (and therefore first and second panels 12-1, 12-2) may be able to move by a set amount
31 in transverse direction 16 when connection 32 is formed. By allowing relative transverse
movement between panels 12 by amount 31, panels 12 may be able to expand and
contract with changes in heat’humidity etc. without being damaged, bending, pillowing, etc.
Movement by amount 31 may also facilitate installation by allowing for precise alignment of
panels 12 relative to trusses 40A or any part of the structure to which panels 12 are being
attached. Amount 31 may be limited by one or more of engagement of tongue 36F and
groove 34F and engagement of first and second hook tips 34H, 36H. Transverse
dimensions of tongue 36F and groove 34F may be greater than amount 31 to ensure
engagement of tongue 36F and groove 34F despite movement of first and second panels
12 by amount 31.

[0078] In figure 5G, panels 12-1 and 12-2 are pulled apart in transverse direction 16 (e.g. by
amount 31) such that first finger 34G lockingly engages second finger 36G. As illustrated,
connection 32 is locked, in part, by engagement of first hook concavity surface 34K of first
finger 34G and second hook concavity surface 36K of second finger 34G when first and
second panels 12 are pulled apart (e.g. in transverse direction 16). In particular, first hook
tip 34H may protrude into the hooked concavity of second finger 36G and second hook tip
36H may protrude into the hooked concavity of first finger 34G to lock panels 12-1, 12-2 in
connection 32. In some embodiments, angles v, y2 of the hooked concavities are
complementary to prevent disengagement of first and second fingers 34G, 36G due to
relative transverse movement of panels 12. In some embodiments, angles v+, vy, are each
less than 90° so as to also prevent relative pivoting of panels 12-1, 12-2 and inward-
outward movement of panels 12 and to thereby further secure connection 32. Even if
longitudinally extending edge 22 of panel 12-2 becomes disengaged from one or more
supports 40A of structure 40, the connection between first and second fingers 34G, 36G
may serve to prevent relative pivoting of panels 12-1, 12-2 and may prevent panels 12-2

from falling from structure 40.
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[0079] As first finger 34G lockingly engages second finger 36G, tongue 36F engages
groove 34F to provide a substantially flat interface between outer surface 34M of first
connector 34 and outer surface 36M of second connector 36. The engagement of tongue
36F and groove 34F may also serve to prevent relative pivotal motion between panels 12-1,
12-2 and inward-outward movement of first connector 34 relative to second connector 36
when connection 32 is formed so as to prevent first and second fingers 34G, 36G from
becoming disengaged. Even if longitudinally extending edge 20 of panel 12-2 becomes
disengaged from one or more supports 40A of structure 40, the connection between tongue
36F and groove 34F may serve to prevent relative pivoting of panels 12-1, 12-2 and may
prevent panels 12-2 from falling from structure 40. In some embodiments, tongue 36F and
groove 34F are separated by a sealing material 52, as discussed further herein. In some
embodiments, tongue 36F and groove 34F and optionally sealing material 52 overlap in
inward-outward direction 24 (e.g. a line drawn parallel to inward-outward direction 24 would
intersect both of groove 34F and tongue 36F). Such overlap may serve to reduce or even
prevent the ingress of water or dirt into connection 32 whether or not seal 52 is present. In
some embodiments, where seal 52 is not present, tongue 36F and groove 34F may
comprise a friction fit when connection 32 is formed to prevent ingress of undesired fluid or
water into connection 32.

[0080] In some embodiments, an elastic or viscoelastic (e.g. flexible) seal 52 may be
inserted between first and second connectors 34, 36 to help seal connection 32 and
prevent or minimize the leakage of fluids (e.g. liquids or gasses) through connection 32. In
some embodiments, seal 52 may be provided by a curable material (e.g. silicone, caulking,
glue, a curable elastomer, a curable polyolefin and/or the like) which may be inserted
between first and second connectors 34, 36 and may then be permitted to cure between
first and second connectors 34, 36. Such a curable seal may bond (e.g. an adhesive bond,
a bond involving a chemical reaction, a bond involving melting and re-solidifying a portion of
panels 12 and/or the like) to one or more of the surfaces that define first and second
connectors 34, 36. In some embodiments, seal 52 may be fabricated from a material that
itself bonds to the surfaces of panels 12. In some embodiments, it may be desirable to
interpose a primer, a bonding adhesive and/or the like between seal 52 and the surface(s)
which define first and second connectors 34, 36 to make and/or to enhance the bond
therebetween.
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[0081] It is not necessary that seal 52 be provided by a curable material. In some
embodiments, seal 52 may be provided by a suitably shaped solid flexible seal. Such a solid
flexible seal may comprise elastomeric material, polyolefin material or any other suitable
material. In some embodiments, such a solid seal may be bonded (e.g. an adhesive bond, a
bond involving a chemical reaction, a bond involving melting and re-solidifying a portion of
panels 12 and/or the like) to one or more of the surfaces of first and second connectors 34,
36.

[0082] In some embodiments, a sealing material may be provided on some surfaces of
connector components 34, 36. Such sealing material may be relatively soft (e.g.
elastomeric) when compared to the material from which the remainder of panel 12 is
formed. Such sealing materials may be provided using a co-extrusion process or coated
onto connector components 34, 36 after fabrication of panels 12, for example, and may help
to make connection 32 impermeable to liquids or gasses. Suitable surface textures may
also be applied to connector components 34, 36 to enhance the seal or friction between
components 34, 36.

[0083] As can be seen from Figures 5F and 5G, even when panels 12-1, 12-2 move relative
to one another in transverse direction 16 by amount 31, seal may 52 maintain contact
between first connector 34 and second connector 36. Accordingly, even if panels 12
experience thermal expansion/contraction, sagging or the like, a seal may be maintained
between adjacent panels 12-1, 12-2 by seal 52.

[0084] Figure 5H depicts a starter piece 70. As can be seen from Figure 5H, starter piece
70 is substantially similar to first connector 34 except in that it is not part of a panel 12.
Starter piece 70 may be mounted to a structure 40 with a fastener 50, as shown in Figure
5H. Starter piece 70 may be mounted to a structure 40 at the starting end of where structure
lining apparatus 10 is to be installed. For example, starter piece 70 may be installed such
that back 70A of starter piece 70 abuts a wall and mounting tab 70B of starter piece abuts a
support 40A. Once starter piece 70 is installed, a panel 12 may be connected to starter
piece 70 in a similar fashion to that shown depicted in Figures 5A to 5G and described
herein. In this way, it may be easier and more efficient to begin installing structure lining
apparatus 10 and it may be unnecessary to cut a panel 12 to fit structure lining apparatus
10 flush against a wall. Although starter piece 70 is depicted as being substantially similar to
first connector 34, it should be understood that a similar starter piece 70 may be

constructed for any of the panels (e.g. panels 12, 112, 212, 312 etc.) described herein).
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[0085] Figure 51 depicts an end piece 75. As can be seen from Figure 51, end piece 75 is
substantially similar to second connector 36 except in that it is not part of a panel 12. End
piece 75 may be mounted to a first connector 34 in a similar fashion to that shown depicted
in Figures 5A to 5G and described herein such that end piece 75 becomes the finishing
edge of structure lining apparatus 10. For example, end piece 75 may be mounted to a first
connector 34 of a panel 12 such that back 75A of end piece 75 abuts a wall. In this way, it
may be easier and more efficient to finish installing structure lining apparatus 10 and it may
be unnecessary to cut a panel 12 to fit structure lining apparatus 10 flush against a wall.
Although end piece 75 is depicted as being substantially similar to second connector 36, it
should be understood that a similar end piece 75 may be constructed for any of the panels
(e.g. panels 12, 112, 212, 312 etc.) described herein).

[0086] Starter and end pieces 70, 75 may be applied to longitudinally extending edges 20,
22 to cover a corner of structure 40, for support or for esthetic, protective, or other reasons,
as desired. For example, starter and end pieces 70, 75 may allow structure lining apparatus
10 to contact walls or vertical supports of structure 10 in a flush manner to reduce ingress of
dirt, fluids or other unwanted substances into structure 40.

[0087] Figures 5J and 5K depict trim pieces 80-1, 80-2, respectively. Trim pieces 80-1, 80-2
(collectively referred to herein as trim pieces 80) may be applied to longitudinally extending
edges 20, 22 to cover a corner of structure 40, for support or for esthetic, protective, or
other reasons, as desired. For example, trim pieces 80 may allow structure lining apparatus
10 to contact walls or vertical supports of structure 10 in a flush manner to reduce ingress of
dirt, fluids or other unwanted substances into structure 40.

[0088] In some embodiments, trim pieces 80 may be applied to longitudinally extending
edges 20, 22 without altering longitudinally extending edges 20, 22. In other embodiments,
it may be more simple to cut off one or more parts of panels 12 to facilitate instillation of trim
pieces 80, such as is shown in Figures 5J, 5K, 5L and 5M.

[0089] In some embodiments, trim pieces 80 may be held in place on longitudinally
extending edges 20, 22 by friction (e.g. trim pieces 80 may be restoratively deformed to fit
onto longitudinally extending edges 20, 22 and may apply restorative deformation forces
against longitudinally extending edges 20, 22 to create a friction fit). In some embodiments,
trim pieces 80 may be attached to longitudinally extending edges 20, 22 and/or structure 40
by one or more fasteners or adhesive.
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[0090]Figure 5L depicts a trim piece 90-1 installed at longitudinally extending edge 20. Trim
piece 90-1 is substantially similar to trim piece 80-1 except that trim piece 90-1 comprises a
flexible contact 90A and a positioning arm 90D. Flexible contact 90A may allow for
movement and/or expansion/contraction of panel 12. Positioning arm 90D may simply
positioning of trim piece 90-1.

[0091] Flexible contact 90A may be upturned, bent or the like so as to deform out of the
way if panel 12 moves or expands in transverse direction 16. A space 90C may be provided
to provide flexible contact 90A with space to deform. In some embodiments, deformation of
flexible contact 90A is elastic and flexible contact 90A may restoratively deform (i.e. return
to, or close 1o, its original shape) when panel 12 is pulled away in transverse direction 16. In
other embodiments, deformation of flexible contact 90C may be plastic. A space 90B may
be provided between the end of panel 12 and trim piece 90-1 to allow for movement or
expansion of panel 12.

[0092] Positioning arm 90D may be dimensioned such that if its distal end is placed against
structure 40, trim piece 90-1 will be appropriately located relative to structure 40 for panel
12 to be installed in trim piece 90-1 without having to measure the location of trim piece 90-
1.Although other embodiments of trim pieces 80, 90-2 are not depicted as including a
positioning arm 90D, it should be understood that any of the trim pieces depicted or
described herein could include a positioning arm 90D. Similarly, in some embodiments, trim
piece 90-1 does not comprise a positioning arm 90D.[0093] Figure 5M depicts a trim piece
90-2 installed at longitudinally extending edge 22. Trim piece 90-2 is substantially similar to
trim piece 90-1 except that it does not include a positioning arm 90D. As discussed above, it
should be understood that trim piece 90-2 could include a positioning arm 90D.

[0094] Referring to Figure 6A, panels 12 are elongated in longitudinal direction 19 and
extend in transverse direction 16. In the illustrated embodiment, panels 12 have a
substantially similar transverse cross-section along their entire longitudinal dimension,
although this is not necessary. In general, panegls 12 may have a number of features which
differ from one another as explained in more particular detail below. As above, longitudinally
extending edges 20, 22 of panels 12 comprise connector components 34, 36 which are
connected to complementary connector components 34, 36 of adjacent panels so as to
connect panels 12 in edge-adjacent relationship (as described above) and to thereby
provide structure lining apparatus 10, as depicted in Figure 1, for example.
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[0095] Panel 12, of the illustrated embodiment, comprises an outer layer 12A which faces
outwardly (e.g. away from supporis 40A in Figure 1) when installed and an inner layer 12B
which faces inwardly (e.g. toward supports 40A in Figure 1) when installed. Outer layer 12A
and inner layer 12B extend across span 12C of panel 12.
[0096] In some embodiments, outer layer 12A has a thickness (i.e. an inward-outward
direction thickness) that is greater than a thickness (e.g. an inward-outward direction
thickness) of inner layer 12B. For example, in some embodiments, the thickness of inner
layer 12B is between 10% to 40% less than the thickness of outer layer 12A. In other words,
a ratio of the thickness of outer layer 12A to thickness of inner layer 12B may be between
11:10 and 17:10. For example, in some embodiments, outer layer 12A is approximately
0.0045 inches (+/- 0.001inches) thick and inner layer 12B is approximately 0.0035 inches
(+/- 0.001inches) thick. By employing a thicker outer layer 12B, panel 12 is less susceptible
to damage by impact while reducing the weight of panel 12. Further, the stiffness of panel
12 is not substantially reduced since inner layer 12A is typically in compression and does
not require the same thickness as outer layer 12B, which is typically in tension.
[0097] In the illustrated embodiment, outer layer 12A is substantially flat, although in other
embodiments, outer layer 12A may be provided with desired shapes (e.g. corrugation,
curvature, or the like). Inner layer 12B, as depicted, however, has one or more portions that
are not substantially flat.
[0098] For example, in Figure 6A, inner layer 12B comprises a first partially arcuate section
12F-1, a first micro arcuate section 12E-1, a macro arcuate section 12D, a second micro
arcuate section 12E-2 and a second patrtially arcuate section 12F-2. In the illustrated
embodiment, first partially arcuate section 12F-1, first micro arcuate section 12E-1, macro
arcuate section 12D, second micro arcuate section 12E-2 and second partially arcuate
section 12F-2 are oriented to be symmetrical about a notional transverse mid-plane 42 of
panel 12 (this is not mandatory). More particularly:
» First and second partially arcuate sections 12F-1, 12F-2 have orientations
that are mirror images of one another relative to mid-plane 42 and are
equidistant from mid-plane 42.
¢ First and second micro arcuate sections 12E-1, 12E-2 have orientations that
are mirror images of one another relative to mid-plane 42 and are equidistant
from mid-plane 42.
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* Macro arcuate section 12D is oriented to itself be mirror symmetric about mid-
plane 42.

[0099] Partially arcuate sections 12F-1, 12F-2 are characterized by flat sections 12F-1A,
12F-2A nearest to first and second connectors 34, 36 respectively and concave sections
12F-1B, 12F-2B adjacent to flat sections 12F-1A, 12F-2A respectively. Flat sections 12F-
1A, 12F-2A may extend substantially parallel to outer layer 12A while concave sections
12F-1B, 12F-2B may extend toward outer layer 12A as they move away from longitudinally
extending edges 20, 22. Partially arcuate sections 12F-1, 12F-2 may provide increased
transverse and longitudinal stiffness near connectors 34, 36 to prevent sagging of panel 12.
Partially arcuate sections 12F-1, 12F-2 may also serve to transition into first and second
micro arcuate sections 12E-1, 12E-2 or macro arcuate section 12D in the case that first and
second micro arcuate sections 12E-1, 12E-2 are not present in panel 12.
[0100] Micro arcuate sections 12E-1, 12E-2 each have an arcuate shape extending across
their transverse dimensions to provide inward facing surfaces which are convex between
longitudinally extending edges of micro arcuate sections 12E-1, 12E-2. Micro arcuate
sections 12E-1, 12E-2 may provide increased transverse and longitudinal stiffness near
partially arcuate sections 12F-1, 12F-2 to prevent sagging of panel 12.
[0101] The additional transverse and longitudinal stiffness provided by partially arcuate
sections 12F-1, 12F-2 and micro arcuate sections 12E-1, 12E-2 may function to allow panel
12 to be employed in structures having larger spaces 40B between adjacent supports 40A
due to the increased stiffness of panels 12, thereby reducing the number of supports 40A
employed for a given structure 40, reducing the number of fasteners 50 to be employed,
reducing costs of apparatus 10 and simplifying installation of apparatus 10.
[0102] Macro arcuate section 12D may have an arcuate shape extending across its
transverse dimension to provide an inward facing layer 12B which is convex between
longitudinally extending edges of macro arcuate section 12D. In some embodiments, macro
arcuate section 12D may have an inward facing layer 12B that is concave between
longitudinally extending edges of macro arcuate section 12D. In some embodiments, macro
arcuate section 12D may have an outward facing layer 12A which is convex (see Figure 6l)
or concave (see Figure 6J) between longitudinally extending edges of macro arcuate
section 12D. In some embodiments, outward facing layer 12A and inward facing layer 12B
of macro arcuate section 12D are both convex or both concave, while in other

embodiments, one is concave while the other is convex. Macro arcuate section 12D may
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provide increased transverse and longitudinal stiffness across panel 12. In some
embodiments, macro arcuate section 12D comprises the entire transverse length of span
12C and panel 12 does not include any micro arcuate sections 12E-1, 12E-2 or any partially
arcuate sections 12F-1, 12F-2. In other embodiments, a plurality of micro arcuate sections
are interspaced by a plurality of macro arcuate sections, such as depicted in Figure 8.
[0103] Figures 6B to 6E depict a variety of arcuate or reinforced sections that may replace
any of arcuate or partially arcuate sections 12F-1, 12F-2, 12E-1, 12E-2 etc. It should be
understood that other reinforced sections may be employed in addition or instead of those
discussed and depicted herein. For example, reinforced sections may include stiffeners
having an “X” shaped cross section (in a plane defined by inward-outward direction 24 and
transverse direction 16). The section of Figure 6F depicts a section having one or more
internal stiffeners similar to internal stiffener 150 disclosed herein. As discussed herein,
such internal stiffeners can be employed at one or more locations along any of the panels
disclosed herein. It should be understood by one of skill in the art that any panel 12 (112,
212, etc.) described herein may include any combination of any of the panel stiffening
features described herein such as micro, macro and partially arcuate sections, internal
stiffeners, ribs, double cell stiffeners etc.

[0104] Extending between outer layer 12A and inner layer 12B, panel 12 comprises a
plurality of brace elements 13 as best seen in Figure 6A. Brace elements 13 may be
oriented generally orthogonally to outer layer 12A. This is not mandatory. Brace elements
13 may or may not be oriented generally orthogonally to inner layer 12B, depending on the
orientation of inner layer 12B (e.g. brace 13 or partially arcuate section 12F-1A may be
oriented orthogonally to inner layer 12B while brace 13 of macro arcuate section 12D is
not). In the illustrated embodiment, brace elements 13 are parallel with one another. This is
not mandatory. In the illustrated embodiment, braces 13 are oriented to be symmetrical
about a notional transverse mid-plane 42 of panel 12. This is also not mandatory.

[0105] This shape of outer and inner layers 12A, 12B and the orientations of brace
elements 13 may reduce deformation due to sagging (in transverse and longitudinal
directions 16, 19) in panel 12 as explained in more detail below. It will be appreciated that
panel 12 of the illustrated embodiment comprises fourteen pairs of brace elements 13 that
are symmetrical with respect to notional mid-plane 42, but that in other embodiment, panel
12 may comprise other numbers of pairs of symmetrical brace elements or panel 12 may
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comprise an odd number of brace elements that may, or may not, be symmetrical about
mid-plane 42.

[0106] The configuration of panels 12 (including the shape of inner layer 12B and the
orientations of brace elements 13) may tend to reduce the deformation of panels 12 (or at
least the deformation of outer layers 12A of panels 12) relative to that of prior art panels.
More particularly, the convex (and arcuate convex) shapes of inner layer 12B may form
arcuate quasi-truss configurations which tends to redirect outward forces to the
longitudinally extending edges of panels 12, but since panels 12 are attached to structure
40 at their longitudinally extending edges, this redirection of outward forced may result in
relatively little deformation of outer layers 12A of panels 12. Additionally, within panels 12
(i.e. between inner layer 12B and outer layer 12A), adjacent brace elements 13 themselves
have transverse cross-sections that provide a series of transversely-adjacent longitudinally-
extending quasi-truss configurations. Further, inner layers of panel 12 may be able to
deform into the spaces between the contact regions of brace elements 13. Another
advantage of brace elements 13 is that they may provide outer layer 12A with strength
against deformation caused by any external force oriented toward panel 12 and inner layer
12B with strength against deformation caused by insulation or the like.

[0107] In addition to the truss like characteristics of outer layers 12A, inner layers 12B and
brace elements 13 of panels 12, these features may also provide some insulating properties
which may reduce the rate of transfer of heat across panels 12 relative to prior art panels. In
some instances, the spaces between outer layers 12A, inner layers 12B and brace
elements 13 of panels 12 may be filled with insulation which may further enhance this
insulation effect.

[0108] In some embodiments, panel 12 may comprises a plurality (e.g. fourteen in the
illustrated embodiment) of ribs 28 which project inwardly from inner layer 12B of panel 12.
In other embodiments, panel 12 may be provided with different numbers of ribs 28 which
may be spaced apart from one another along the transverse dimension of panel 12. Ribs 28
may be longitudinally co-extensive with panel 12 — i.e. ribs 28 may extend into an out of the
page of Figure 6A (the longitudinal direction) and may be co-extensive with panel 12 in this
longitudinal dimension. This is not necessary, however, and ribs 28 may have different
longitudinal extensions than that of panel 12. In addition to extending inwardly and
longitudinally, ribs 28 may extend transversely. Ribs 28 may provide increased stiffness

across the longitudinal dimension of panel 12. In the case that ribs 28 extend transversely
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across panel 12, ribs 28 may also provide increased stiffness across the transverse
dimension of panel 12. As can be seen from Figure 6A, ribs 28 may have a transverse
dimension that is greater than a transverse dimension of braces 13, although this is not
mandatory.

[0109] In addition to providing increased stiffness of panel 12, ribs 28 may be sized and/or
shaped to permit stacking of panels 12 for storage and shipping. More particularly, ribs 28
may be sized and/or shaped such that the innermost extent 28A of ribs 28 is co-planar with
an apex 44 of the convexity of macro arcuate section 12D of inner layer 12B in a plane
substantially parallel to outer layer 12A. For example, as shown in Figure 6A, there is a
notional plane 46 that is: parallel to outer layer 12A; tangential to apex 44, or otherwise
contacts inner layer 12B at only its innermost extent; and tangential to innermost extent 28A
of ribs 28, or otherwise contacts ribs 28 only at their innermost extents 28A. With ribs 28
having this size/shape feature, panels 12 having convex portions of inner layer 12B may be
conveniently stacked on top of one another such that ribs 28 and apex 44 of inner layer 12B
of one panel 12 rest adjacent outer layer 12A of an adjacent panel 12. In other
embodiments, stacking may be facilitated by making ribs 28 extend inwardly beyond apex
44, so that panels stack on the innermost extents 28A of a plurality of ribs 28. In addition to
aiding in stacking panels 12, ribs 28 may serve to ease installation of panels 12 against a
plywood ceiling by providing a stable connection between ribs 28, apex 44 and the plywood
ceiling upon installation. Ribs 28 may be varied in a number of ways while still provide
increased stiffness of panel 12 and innermost extents 28A having the features described
above.

[0110] Figure 6G depicts another non-limiting example of a panel 12°. Panel 12’ is
substantially similar to panel 12 except that one or more pairs of adjacent braces 13’ of
panel 12’ are spaced apart in transverse direction 16 by different transverse direction 16
distances. For example, the transverse distance between brace 13’-1 and brace 13'-2 is
greater than the transverse distance between brace 13°-3 and brace 13-4, as depicted in
Figure 6G. In some embodiments, the spacing between adjacent braces 13’ is arbitrary. In
other embodiments, the spacing between adjacent braces 13’ is smaller for braces 13’ that
are nearer to transverse mid-plane 42’ of panel 12’ than for adjacent braces 13’ that are
further away from transverse mid-plane 42’. Such spacing may have the advantage of
increasing the transverse rigidity (e.g. preventing bending of panel 12’ across its transverse

dimension) by reinforcing the transverse center of panel 12’, where the bending stress may
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be at a maximum when both longitudinally extending edges 20, 22 are supported. It should
be understood that any of the embodiments herein may have braces 13’ {(or braces 13, 113
etc.) that are spaced apart as in the Figure 6G embodiment or as described herein.

[0111] As compared to panel 12, panel 12’ also comprises one or more additional fastener
locator features 50A. Fastener locator features 50A may comprise one or more protrusions
on mounting tab 38’. Fastener locator features 50A may serve to help position fasteners 50
when installing panel 12’. Fastener locater features 50A may also serve to prevent fastener
50 from being overtightened. Fastener locater features 50A may also serve to reduce
friction between fastener 50 and mounting tab 38’ to allow panel 12’ to move relative to
fastener 50, as needed, such as to allow for thermal expansion/contraction of panel 12°.
Fastener locater features 50A may also serve to reduce the likelihood of mounting tab 38’
breaking due to overtightening of fastener 50. Fastener locater features 50A may also serve
o align a punching tool employed for creating one or more apertures in mounting tab 38’ for
receiving fasteners 50. It should be understood that any of the embodiments herein may
comprise one or more fastener locator features 50A as in the Figure 6G embodiment or as
described herein,

[0112] Figure 6H depicts another non-limiting example of a panel 12”. Panel 12”7 is
substantially similar to panel 12 except that at least one of ribs 28” has a different shape
than ribs 28. In particular, at least one of ribs 28” has a cross-section in a plane defined by
the transverse and longitudinal directions 16, 19 that is “T” shaped. The “T” shape may
increase the longitudinal rigidity of panel 12” by functioning similar to an I-beam. The “T”
shape may also improve the stackability of panel 12”. In some embodiments, all of ribs 28”
are T-shaped while in other embodiments, only some are. For example, in some
embodiments, to ease fabrication of panel 127, ribs 28" that are longer than an inward-
outward direction 24 threshold are “T” shaped while ribs 28” that are shorter than the
inward-outward direction 24 threshold are not “T” shaped. It should be understood that any
of the embodiments herein may comprise one or more “T” shaped ribs 28” as in the Figure
6H embodiment or as described herein.

[0113] Figure 7A depicts another non-limiting example of a panel 112. Panel 12 is
substantially similar to panel 12 except that panel 112 comprises an internal stiffener 150
located between outer layer 112A and inner layer 112B and between braces 113-1, 113-2.
Internal stiffener 150 may be longitudinally co-extensive with panel 12 — i.e. internal stiffener

150 may extend into an out of the page of Figure 7A (the longitudinal direction) and may be
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co-extensive with panel 12 in this longitudinal dimension. This is not necessary, however,
and internal stiffener 150 may have a different longitudinal extension than that of panel 12.
[0114] As depicted in Figures 7A and 7B, internal stiffener 150 (sometimes referred to as
stiffener 150) has a cross-sectional shape in a plane defined by transverse and longitudinal
directions 16, 19 like an “H”. The “H” cross-section may be advantageous as offering a high
stiffness-to-weight ratio. However, it should be understood that any cross-sectional shape
may be employed such as, but not limited to, triangular, circular, square, hollow, solid,
channeled, I-shaped, U-shaped, V-shaped etc. Notably, the channels 115 defined by outer
layer 112A, inner layer 11B and braces 13 may not be of rectangular cross-section.
Accordingly, internal stiffener may be shaped to accommodate the non-rectangular cross-
section of the channel 115 in which it is installed.

[0115] As shown in Figure 7A, panel 112 may comprise one or more alignment nubs 152
for aligning stiffener 150 and preventing internal stiffener 150 from being installed in an
incorrect orientation relative to panel 112. In some embodiments, alignment nubs 152 may
serve to reduce friction during installation of stiffener 150 by reducing the surface area of
panel 112 in contact with stiffener 150.

[0116] Although only one internal stiffener is depicted in Figure 7A, it should be understood
that any number of internal stiffeners may be employed within panel 112. In some
embodiments, the number of internal stiffeners may be dependent on, at least, the weight of
material to be installed above (or to be held in by) panel 112. For example, as the amount of
insulation above panel 112 increases, it may be advantageous to install additional internal
stiffeners 150. Additional internal stiffeners 150 may be spread or spaced apart along the
transverse length of panel 12 in any suitable way. In some embodiments, a plurality of
longitudinal stiffeners 150 are installed so as to be mirror symmetric about transverse mid-
plane 142 of panel 112.

[0117] Internal stiffener 150 may comprise any suitable material. For example, internal
stiffener 150 may comprise a pultruded fiber reinforced polymer composite, or an extruded
polymer. By way of non-limiting example, suitable polymers include: poly-vinyl chloride
(PVC), acrylonitrile butadiene styrene (ABS) or the like. In other embodiments, internal
stiffener 150 may be fabricated from other suitable materials, such as composite materials
(e.g. a combination of one or more resins and natural and/or synthetic materials), for
example. Although pultrusion and extrusion are particular techniques for fabricating
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stiffeners 150, other suitable fabrication techniques, such as injection molding, stamping,
sheet metal fabrication techniques or the like may additionally or alternatively be used.
[0118] Internal stiffener could be manufactured concurrently with panel 112, such as by
extrusion. In other embodiments, internal stiffener is installed into panel 112 after panel 112
is fabricated. Due to the tight fit between internal stiffener 150 and panel 112, it may be
difficult to install internal stiffener 150 in panel 112. In some embodiments, internal stiffener
is cooled so as to allow internal stiffener to contract to facilitate sliding of stiffener 150 into
panel 112. In other embodiments, panel 112 may be heated so as to allow panel 112 to
expand to facilitate sliding of stiffener 150 into panel 112. After internal stiffener 150 is
installed in channel 115, panel 112 and stiffener 150 may be allowed to return to ambient
temperature to achieve a tight fit between stiffener 150 and channel 115.

[0119] In general, panels 12 may be attached to one or more supports 40A of structure 40
by fasteners 50 which extend through their mounting tabs 38. Fasteners 50 may comprise
any suitable fasteners, including screws, nails, bolts, staples, etc. In some embodiments,
structure cladding 10 is mounted to one or more supports 40A of structure 40 by other
means, such as suitable adhesives and/or the like. Mounting tab 38 may comprise part of
first inner component 34A. For example, mounting tab 38 may include one or more
apertures defined by first inner component 34A for receiving fasteners 50. The aperture
may be substantially circular or may be elongated to allow for some movement of panel 12
relative to structure 40 (e.g. to accommodate thermal expansion/contraction). In some
embodiments, a plurality of fasteners 50 are spaced apart from one another along the
longitudinal dimensions of panels 12 (such as in, for example, Figure 19).

[0120] In Figure 2, second connector 36 of second panel 12-2 is connected to first
connector 34 of first panel 12-1 as shown in Figures 5A-5F, so that second connector 36 of
second panel 12-2 covers fasteners 50 used to attach first panel 12-1 to structure 40. First
panel 12-1 is attached to one or more supports 40A of structure 40 by fasteners 50 which
extend through mounting tab 38. A plurality of fasteners 50 are spaced apart from one
another along the longitudinal dimension of mounting tab 38 (i.e. spaced along the
dimension into and out of the page and therefore not visible in the views of Figure 2). After
second panel 12-2 is aligned with first panel 12-1 and connection 32 is formed, mounting
tab 38 of second panel 12-2 is attached to one or more supports 40A of structure 40 by
fasteners 50 in a manner similar to the attachment of first panel 12-1 described above (not

depicted in Figure 2).
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[0121] Any suitable number of panels 12 may be installed adjacent to one another in this
manner. Panels 12 may continue to be installed until an entire surface of a structure 40 is
lined with panels 12. If, after a number of panels are installed on a surface of structure 40,
there is insufficient transverse space for an additional panel 12 to be installed, longitudinally
extending edge 20 of a panel 12 may be cut so as to shorten a transverse dimension of
panel 12 before installing it in the remaining space on the surface of structure 40.

[0122] Structure 40 may comprise any suitable structure. Structure 40 may comprise
drywall, gyprock, studs, concrete, furring strips, plywood, masonry, stucco, other wall layers,
etc. Structure 40 may comprise the floor, ceiling, roof, exterior walls, interior walls, etc. of a
structure. Structure 40 may comprise all of or a portion of a building, barn, silo, food storage
container, car wash, factory, etc. Structure 40 may be rectilinear or curved. Where structure
40 is curved, panels 21 may be curved to match the curvature of structure 40. Additionally
or alternatively, panels 12 may be deformable such that they can be deformed to match the
curvature of structure 40. Supports 40A of structure 40 may comprise any suitable supports
such as truss members, plywood panels, roofing beams, etc.

[0123] Figure 8 depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Like structure-lining apparatus 10, structure lining
apparatus 210 comprises a plurality of generally planar panels 212 which extend in a
longitudinal dimension (into and out of the page) and in a transverse dimension (shown by
double-headed arrow 16). Structure lining apparatus 210 is substantially similar to structure
lining apparatus 10 (e.g. may comprise similar materials, may be installed in similar ways,
etc.) except that panels 212 comprise different connectors 234, 236 (as compared to
connectors 34, 36) and different stiffening features as compared to panels 12 and as will be
discussed in more detail herein.

[0124] Figure 9 shows detail of an edge-to-edge connection 232 of transversely adjacent
panels 212-1, 212-2 of wall-lining apparatus 210. In particular, Figure 9C depicts a
transverse cross-section (i.e. a cross section in a plane defined by the transverse and
inward-outward directions) of edge-to-edge connection 232. In the illustrated embodiment,
longitudinally extending edge 220 of a first panel 212-1 comprises a first connector 234 and
opposing longitudinally extending edge 222 of a transversely adjacent second panel 12-2
comprises a complementary second connector 236.

[0125] First connector component 234 may comprise a primary female connector 237A and

a secondary male connector 235B while second connector 236 may comprise a primary
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male connector 235A and a secondary female connector 237B. Connection 232 is formed
when the primary male connector engages the primary female connector and the secondary
male connector engages the secondary female connector. This double male/female
connector connection 232 functions to improve engagement of connection 232 and prevent
disengagement upon sagging of one or more panels 212, or failure of one or more fasteners
250 and also serves to reduce sagging of panels 212 both longitudinally and transversely.
[0126] As can be seen from Figures 8, 8A and 9, first connector 234 comprises a primary
female connector 237A defined by a first inner component 234A and a first outer component
234B and a secondary male connector 235B comprising first finger 234G. First finger may
be substantially like first finger 34G as described herein. However, first inner component
234A may be different than first inner component 34A. In particular, first inner component
234A may be hollow and comprise one or more channels (similar to the channels of second
outer component 36B). Further, first inner component 234A extends in transverse direction
16 toward connector 236 such that first inner component 234A overlaps with a plurality of
channels 215 (e.g. an inward-outward direction 24 line could pass through both channels
215 and first inner component 234A). In this way, first inner component 234A adds
transverse and longitudinal stiffness to panel 212. The overlapping of first inner component
234A and channels 215 may be referred to as a double-cell feature and may be employed
in any of the panel embodiments described herein.

[0127] First outer component 234B may also be different from first outer component 34B in
that first outer component 234B may be hollow and does not comprise a barb 34D. Instead,
first outer component comprises a tongue 234D that has an inward-outward dimension that
increases towards its transverse distal end such that recess 234C has an inward-outward
dimension that decreases toward its distal end. This is not necessary, tongue 234D may
have a constant inward-outward dimension along its transverse length. Like seal 52, a seal
252 may be located a distal end of tongue 234D to improve connection 232.

[0128] As can be seen from Figures 8 and 9, second connector 236 comprises a primary
male connector 235A comprising a second outer component 236B having a tongue 236D
and a secondary female connector 237B defined by second inner component 236A and
second outer component 236B. Second finger 236G of second inner component 236A may
be substantially like second finger 36G as described herein. However, second outer
component 236B may be different than second outer component 36B. In particular, instead

of comprising a hook 36D, second outer component 236B comprises a tongue 236D.
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Tongue 236D may be hollow as depicted or may be solid. Tongue 236D may comprise an
inward-outward dimension that increases towards its transverse distal end. This is not
necessary, tongue 236D may have a constant inward-outward dimension along its
transverse dimension. Tongue 236D may be complementary to recess 234C of connector
234. Moreover, second inner component 236A may be different than first inner component
36A. In particular, second inner component 236A extends in transverse direction 16 toward
connector 234 such that second inner component 236A overlaps with a plurality of channels
215 (e.g. an inward-outward direction 24 line could pass through both channels 215 and
second inner component 236A). In this way, second inner component 236A adds transverse
and longitudinal stiffness to panel 212. As with first inner component 234A, the feature of
second inner component 236A overlapping with channels 215 may be referred to as a
double cell feature and may be employed on any panel described herein.

[0129] Given the similarity of panels 12 and paneis 212, it should be evident to a person of
skill in the art that panels 212 may be attached to one another in a similar method as
described herein in relation to panels 12. However, since there is no hook 36D on panel
212, panel 212-2 may not be able 1o hang from panel 212-1 during installation.
Nonetheless, with panels 212-1 and 212-2 oriented at an angle of between 10-80° of one
another, a distal end of tongue 236D may be inserted into recess 234C, as shown in Figure
9A. Panel 212-2 may then be pivoted relative to panel 212-2 to allow tongue 236D to slide
further into recess 234C, as shown in Figure 9B. As panels 212-1, 212-2 align with one
another (e.g. are oriented at 0? relative to one another as in Figure 9C), panels 212-1, 212-2
may be pushed together in transverse direction 16 to engage primary male and female
connectors 235A, 237A and secondary male and female connectors 235B, 237B by
engaging tongues 234D and 236D and engaging first and second fingers 234G, 236G, in a
similar manner to the engagement of first and second fingers 34G, 36G depicted in Figures
5A to 5G. In other embodiments, tongue 236D and recess 234C are shaped such that
primary male connector 235A and primary female connector 237A may be connected by
relative transverse movement of first and second connectors 234, 236 and without pivoting
of panels 212-1, 212-2. In some embodiments, ocne or more of tongue 236D and outer
connector component 234B is resiliently deformed during the connection of primary male
connector 235A and primary female connector 237A and is at least partially restoratively
deformed to maintain the connection between primary male connector 235A and primary

female connector 237A.
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[0130] Referring to Figure 8, it can be seen that panel 212 has one or more stiffening
features. For example, panel 212 comprises a plurality of micro-arcuate sections 212E (e.g.
micro-arcuate sections 212E-1, 212E-2, 212E-3) spaced apart by a plurality of macro-
arcuate sections 212D (e.g. macro-arcuate 212D-1, 212D-2, 212D-3, 212D-4). Micro-
arcuate sections 212E provide panel 212 with significant increased stiffness in the
longitudinal direction and increased stiffness in the transverse direction. Macro-arcuate
sections 212D provide panel 212 with significant increased stiffness in the transverse and
increased stiffness in the longitudinal direction. Panels 212 (or panels 12, 112 etc.) may
comprise any combination of micro-arcuate sections 212E and macro-arcuate sections
212D. In some embodiments, micro-arcuate sections 212E and macro-arcuate sections
212D are spaced apart so as to exhibit mirror symmetry about a transverse mid-plane of
panel 212, although this is not mandatory. These features (including the double cell
features) may function to allow panel 212 to be employed in structures having larger spaces
40B between adjacent supports 40A due to the increased stiffness of panels 212, thereby
reducing the number of supports 40A employed for a given structure 40, reducing the
number of fasteners 250 to be employed, reducing costs of apparatus 210 and simplifying
installation of apparatus 210.

[0131] Figure 10 depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Structure lining apparatus 310 comprises a plurality of
generally planar panels 312 which extend in a longitudinal dimension (into and out of the
page) and in a transverse dimension (shown by double-headed arrow 16). Structure lining
apparatus 310 is substantially similar to structure lining apparatus 10 (e.g. may comprise
similar materials, may be installed in similar ways, etc.) except that panels 312 comprise
different connectors 334, 336 as will be discussed in detail below.

[0132] Figure 11D shows a detailed view of an edge-to-edge connection 332 of transversely
adjacent panels 312-1, 312-2 of wall-lining apparatus 310. In particular, Figure 11 depicts a
transverse cross-section (i.e. a cross section in a plane defined by the transverse and
inward-outward directions) of edge-to-edge connection 332. In the illustrated embodiment,
longitudinally extending edge 320 of a first panel 312-1 comprises a first connector 334 and
opposing longitudinally extending edge 322 of a transversely adjacent second panel 312-2
comprises a complementary second connector 336.

[0133] First connector component 334 may comprise a primary female connector 337A and

a secondary male connector 335B while second connector 336 may comprise a primary
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male connector 335A and a secondary female connector 337B. Connection 332 is formed
when the primary male connector engages the primary female connector and the secondary
male connector engages the secondary female connector. This double male/female
connector connection 332 functions to improve engagement of connection 332 and prevent
disengagement upon sagging of one or more panels 312, or failure of one or more fasteners
350 and also serves to reduce sagging of panels 312 both longitudinally and transversely.
[0134] First connector 334 comprises a primary female connector 337A defined by a first
inner component 334A and a first outer component 334B and a secondary male connector
335B comprising first tongue 334G. First outer component 334B is substantially similar to
first outer component 234B. First inner component is substantially similar to first inner
component 34B except that it comprises tongue 334H at its distal end instead of hook tip
34H.

[0135] Second connector 336 comprises a primary male connector 335A comprising a
second outer component 336B having a tongue 336D and a secondary female connector
337B defined by second inner component 336A and second outer component 336B.
Second outer component 336B is substantially similar to second outer component 236B.
Second inner component is substantially similar to second inner component 36B except that
it comprises tongue 336H at its distal end instead of hook tip 36H.

[0136] Given the similarity of panels 212 and panels 312, it should be evident to a person of
skill in the art that panels 312 may be attached to one another in a similar method as
described herein in relation to panels 212. However, since there are no hook tips 34H, 36H,
secondary male and female connectors 35B, 37B may be connected without deformation
(or with less deformation) of first and second inner components 334A., 336A. For example,
Figures 11A to 11D depict the formation of connection 332. In other embodiments, tongue
336D and recess 334C are shaped such that primary male connector 335A and primary
female connector 337A may be connected by relative transverse movement of first and
second connectors 334, 336 and without pivoting of panels 312-1, 312-2. In some
embodiments, one or more of tongue 336D and outer connector component 334B is
resiliently deformed during the connection of primary male connector 335A and primary
female connector 337A and is at least partially restoratively deformed to maintain the
connection between primary male connector 335A and primary female connector 337A.
[0137] Figure 12 depicts a structure lining apparatus according to another particular non-

limiting embodiment of the invention. Structure lining apparatus 410 comprises a plurality of
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generally planar panels 412 which extend in a longitudinal dimension (into and out of the
page) and in a transverse dimension (shown by double-headed arrow 16). Structure lining
apparatus 410 is substantially similar to structure lining apparatus 10, 210, 310 (e.g. may
comprise similar materials and be installed in similar ways, etc.) except that panels 412
comprise different connectors 434, 436, as will be discussed in detail below.

[0138] Figure 13 shows detail of an edge-to-edge connection 432 of transversely adjacent
panels 412-1, 412-2 of wall-lining apparatus 410. In particular, Figure 13 depicts a
transverse cross-section (i.e. a cross section in a plane defined by the transverse and
inward-outward directions) of edge-to-edge connection 332. In the illustrated embodiment,
longitudinally extending edge 420 of a first panel 412-1 comprises a first connector 434 and
opposing longitudinally extending edge 422 of a transversely adjacent second panel 412-2
comprises a complementary second connector 436.

[0139] First connector component 434 may comprise a primary female connector 435 while
second connector 436 may comprise a primary male connector 437. Connection 432 is
formed when the primary male connector engages the primary female connector.

[0140] First connector 334 comprises a primary female connector 437 defined by a first
inner component 434A and a first outer component 434B. First outer component 434B is
substantially similar to first outer component 334B.

[0141] Second connector 436 comprises a primary male connector 437 comprising a
second outer component 436B having a tongue 436D. Second outer component 436B is
substantially similar to second outer component 336B.

[0142] Given the similarity of panels 412 and panels 312, it should be evident to a person of
skill in the art that panels 412 may be attached to one another in a similar method as
described herein in relation to panels 312 (or 12, 112, 212 etc.) except that there are no
secondary male and female connectors to engage.

[0143] In some embodiments, first inner components 434 comprise mounting tabs 438 (e.g.
similar to mounting tabs 38) which define apertures 440 for receiving fasteners (such as
fasteners, 50, 250, 350 etc.). Apertures 440 may be circular or elongated in shape, such as
depicted in Figure 19. Apertures 440 may be spaced apart along a longitudinal dimension of
panel 412 (or panel 12, 112, 212, etc.). For example, Figure 19 depicts mounting tab 438
comprising a plurality of apertures 440 (e.g. apertures 440-1, 440-2, 440-3, 440-4, 440-5)
spaced apart along longitudinal dimension 19 of mounting tab 438.
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[0144] Figure 14A depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Structure lining apparatus 710 comprises a plurality of
generally planar panels 712 which extend in a longitudinal dimension (into and out of the
page) and in a transverse dimension (shown by double-headed arrow 16). Structure lining
apparatus 710 is substantially similar to structure lining apparatus 10, 210, 310 (e.g. may
comprise similar materials and be installed in similar ways, etc.) except that panels 712
comprise different connectors 734, 736, as will be discussed in detail below.

[0145] Figure 14B shows detail of an edge-to-edge connection 732 of transversely adjacent
panels 712-1, 712-2 of wall-lining apparatus 710. In particular, Figure 14B depicts a
transverse cross-section (i.e. a cross section in a plane defined by the transverse and
inward-outward directions) of edge-to-edge connection 732. In the illustrated embodiment,
longitudinally extending edge 720 of a first panel 712-1 comprises a first connector 734 and
opposing longitudinally extending edge 722 of a transversely adjacent second panel 712-2
comprises a complementary second connector 736.

[0146] First connector component 734 may comprise a primary female connector 735 while
second connector 736 may comprise a primary male connector 737. Connection 732 is
formed when the primary male connector engages the primary female connector. Primary
female connector 735 may be substantially similar to primarily female connector 35 and
primary male connector 737 may be substantially similar to primary male connector 37,
although this is not mandatory.

[0147] Given the similarity of panels 712 and panels 12, it should be evident to a person of
skill in the art that panels 712 may be attached to one another in a similar method as
described herein in relation to panels 12 (or 112, 212, 312 etc.) except that there are no
secondary male and female connectors to engage.

[0148] Figure 15A depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Structure lining apparatus 810 comprises a plurality of
generally planar panels 812 which extend in a longitudinal dimension (into and out of the
page) and in a transverse dimension (shown by double-headed arrow 16). Structure lining
apparatus 810 is substantially similar to structure lining apparatus 410 (e.g. may comprise
similar materials and be installed in similar ways, etc.) except that panels 812 comprise a
locator 895.

[0149] Figures 15A and 15B show details of an edge-to-edge connection 832 of

transversely adjacent panels 812-1, 812-2 of wall-lining apparatus 810. In particular,
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Figures 15A 15B depict a transverse cross-section (i.e. a cross section in a plane defined
by the transverse and inward-outward directions) of edge-to-edge connection 832. In the
illustrated embodiment, longitudinally extending edge 820 of a first panel 812-1 comprises a
first connector 834 and opposing longitudinally extending edge 822 of a transversely
adjacent second panel 812-2 comprises a complementary second connector 836.

[0150] First connector component 834 may comprise a primary female connector 835 while
second connector 836 may comprise a primary male connector 837. Connection 832 is
formed when the primary male connector engages the primary female connector.

[0151] First connector 834 comprises a primary female connector 837 defined by a first
inner component 834A and a first outer component 834B. A recess 834C is defined
between first inner component 834A and first outer component 834B. Locator 895 protrudes
into recess 834C. While locator 895 is depicted as protruding (relatively upwards as shown
in Figure 15A) from a base of first outer component 834B (or near the base), this is not
mandatory and, for example, locator 895 could protrude from a base (or near the base) of
first inner component 834A (relatively downwards, as would be shown in Figure 15A).
Similarly, locator 895 could protrude from tongue 836D to contact first connector 834 when
connection 832 is formed. Referring back to Figure 11C, a locator 895 could be provided to
extend from either of connector 334 or 336 into any or all of gaps 331-1, 331-2, 331-3 and
331-4 to contact connector 336 or 334 respectively when connection 332 is formed and it
should be understood that locator 895 could be present in similar locations in any of the
embodiments disclosed herein. Locator 895 may be more flexible or deformable than other
portions of panel 812. This flexibility may be a result of, for example, a reduced thickness as
compared to other portions of panel 812 and/or locator 895 being made of a more flexible
material as compared to other portions of panel 812 or otherwise. Locator 895 may be
curved or bent to facilitate deformation of locator 895 and for improved contact with second
connector 836 as connection 832 is formed, as described below. Although not depicted, in
some embodiments locator 895 may comprise a bubble co-extruded with panel 812.

[0152] Second connector 836 comprises a primary male connector 837 comprising a
second outer component 836B having a tongue 836D. Second outer component 836B is
substantially similar to second outer component 436B.

[0153] Given the similarity of panels 812 and panels 412, it should be evident to a person of
skill in the art that panels 812 may be attached to one another in a similar method as

described herein in relation to panels 412 (or 12, 112, 212 etc.) except that locator 895 is
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present. Locator 895 may be shaped to contact tongue 836D as tongue 836D is extended
into recess 834C. Locator 895 may serve to guide an installer as to how far tongue 836D
should extend into recess 834C. For example, as an installer forces tongue 836D into
recess 834C, locator 895 may provide resistance as locator 895 contacts tongue 836D and
begins to deform. This may signal to the installer that tongue 836D is sufficiently extended
into recess 834C. L.ocator 895 may be shaped to contact tongue 836D when the spacing
831 between edge 836F of second connector 836 and first outer component 834B is as
desired. In this way, locator 895 may serve to maintain a sufficient gap 831 between edge
836F of second connector 836 and first outer component 834B to allow for movement and
or expansion of panels 812. Despite the contact of locator 895 with tongue 836D and
possible deformation of locator 895 during formation of connection 832, panels 812 may still
be able to move relatively closer together due to movement of panels 812 or expansion
through deformation of locator 895. For example, by comparing Figure 15A to Figure 15B, it
can be seen that although connection 832 is formed in Figure 15A, panels 812 are still
allowed to move relatively closer toward one another in direction 16 as shown in Figure 15B
by additional deformation of locator 895. Recess 834C provides space for deformation of
locator 895. In some embodiments, locator 895 only has sufficient space to deform as much
as is necessary to allow edge 836F to contact first outer component 834B. In some
embodiments, locator 895 restoratively deforms (e.g. may return to, or close to, its
undeformed shape) as panels 812 move relatively further apart, although this is not
necessary.

[0154] In some embodiments, contact of locator 895 with connector 836 (or connector 834
as the case may be) may create an air-tight and/or liquid-tight seal. Such seal may increase
the thermal resistivity of connection 832 and/or may allow panels 812 to be employed in a
wider variety of environments.

[0155] Although panels 12, 112, 212, etc. are not depicted as comprising a locator 895 or
similar, it should be understood by one of skill in the art that any of panels 12, 112, 212, etc.
or any other panel described or depicted herein could comprise a locator 895.

[0156] Figure 16A depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Structure lining apparatus 910 comprises a plurality of
generally planar panels 912 which extend in a longitudinal dimension (into and out of the
page) and in a transverse dimension (shown by double-headed arrow 16). Structure lining

apparatus 910 is substantially similar to structure lining apparatus 410 (e.g. may comprise
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similar materials and be installed in similar ways, etc.) except that panels 912 comprise a
tertiary male connector 992 and a tertiary female connector 994.

[0157] Figures 16A to 16C show details of an edge-to-edge connection 932 of transversely
adjacent panels 912-1, 912-2 of wall-lining apparatus 910. In particular, Figures 16A to 16C
depict transverse cross-sections (i.e. a cross section in a plane defined by the transverse
and inward-outward directions) of edge-to-edge connection 932 being formed. In the
illustrated embodiment, longitudinally extending edge 920 of a first panel 912-1 comprises a
first connector 934 and opposing longitudinally extending edge 922 of a transversely
adjacent second panel 912-2 comprises a complementary second connector 936.

[0158] First connector component 934 may comprise a primary female connector 935 and a
tertiary female connector 994 while second connector 936 may comprise a primary male
connector 937 and tertiary male connector 992. Connection 932 is formed when primary
male connector 937 engages primary female connector 935 and tertiary male connector
992 engages tertiary female connector 994.

[0159] First connector 934 comprises a primary female connector 935 defined by a first
inner component 934A and a first outer component 934B. A recess 934C is defined
between first inner component 934A and first outer component 934B. First connector 934
comprises a tertiary female connector 994 defined by a first inner component 994A and a
first outer component 994B. A recess 994C is defined between first inner component 994A
and first outer component 994B. Serrations or teeth 993 may protrude from one or more of
first inner component 994A and first outer component 994B into recess 994C. Serrations or
teeth 993 may reduce friction between tertiary male connector 992 and tertiary female
connector 994. Serrations or teeth 993 are not mandatory.

[0160] Second connector 936 comprises a primary male connector 937 comprising a
second outer component 936B having a tongue 936D. Second outer component 936B is
substantially similar to second outer component 436B. Second connector 936 also
comprises a tertiary male connector 992. Although not depicted, tertiary male connector 992
may comprise serrations or teeth protruding therefrom to engage tertiary female connector
994 and/or serrations or teeth 993 of tertiary female connector 994.

[0161] In some embodiments, an inward surface 994A-1 of first inner component 994A is
beveled so as to increase the opening of recess 934C and facilitate insertion of tongue
936D into recess 934C. This is not mandatory. Although such a bevel not be depicted in
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other embodiments described herein (e.g. panels 312, 412, 812, etc.), it should be
understood that such panels could be modified to include such a beveled surface.

[0162] In some embodiments, a seal 952 is provided on at least a portion of one or both of
tertiary male connector 992 and tertiary female connector 994 to prevent ingress of fluid
between tertiary male connector 992 and tertiary female connector 994. Seal 952 may be
substantially similar to seals 52, 252 described herein. In the Figure 16A embodiment, seal
952 is located on a distal end of outer component 994B to contact an edge 936F of second
connector 936 when connection 932 is formed.

[0163] Given the similarity of panels 912 and panels 412, it should be evident to a person of
skill in the art that panels 912 may be attached to one another in a similar method as
described herein in relation to panels 412 (or 12, 112, 212 etc.) except that tertiary male
connector 932 is extended into tertiary female connector 934 as the connection is made.
Serrations or teeth 993 may serve to decrease friction between tertiary male connector 992
and tertiary female connector 994 to facilitate insertion of tertiary male connector 992 into
tertiary female connector 994,

[0164] Although panels 212, 312, 412, 812, etc. are not depicted as comprising tertiary
male and female connectors 992, 994 or similar, it should be understood by one of skill in
the art that any of panels 212, 312, 412, 812, etc. or any other panel described or depicted
herein could comprise tertiary male and female connectors 992, 994.

[0165] Figure 17A depicts a structure lining apparatus according to another particular non-
limiting embodiment of the invention. Structure lining apparatus 1010 comprises a plurality
of generally planar panels 1012 which extend in a longitudinal dimension (into and out of
the page) and in a transverse dimension (shown by double-headed arrow 16). Structure
lining apparatus 1010 is substantially similar to structure lining apparatus 310 (e.g. may
comprise similar materials and be installed in similar ways, etc.) except that panels 1012
comprise a tertiary male connector 1092 and a tertiary female connector 1094.

[0166] Figures 17A to 17C show details of an edge-to-edge connection 1032 of transversely
adjacent panels 1012-1, 1012-2 of wall-lining apparatus 1010. In particular, Figures 17A to
17C depict transverse cross-sections (i.e. a cross section in a plane defined by the
transverse and inward-outward directions) of edge-to-edge connection 1032 being formed.
In the illustrated embodiment, longitudinally extending edge 1020 of a first panel 1012-1
comprises a first connector 1034 and opposing longitudinally extending edge 1022 of a
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transversely adjacent second panel 1012-2 comprises a complementary second connector
1036.

[0167] First connector component 1034 may comprise a primary female connector 1035A, a
secondary male connector 1035B and a tertiary female connector 1094 while second
connector 1036 may comprise a primary male connector 1037A, a secondary female
connector 1037B and a tertiary male connector 1092. Connection 1032 is formed when
primary male connector 1037 engages primary female connector 1035, secondary male
connector 1035B engages secondary female connector 1037B and tertiary male connector
1092 engages tertiary female connector 1094.

[0168] First connector 1034 comprises a primary female connector 1035A defined by a first
inner component 1034A and a first outer component 1034B. A recess 1034C is defined
between first inner component 1034A and first outer component 1034B. First inner
component comprises a tongue 1034H. First connector 1034 comprises a secondary male
connector 1035B comprising a first tongue 1036H. First connector 1034 comprises a tertiary
female connector 1094 defined by a first inner component 1094A and a first outer
component 1094B. A recess 1094C is defined between first inner component 1094A and
first outer component 1094B. Serrations or teeth 1093 may protrude from one or more of
first inner component 1094A and first outer component 1094B into recess 1094C.
Serrations or teeth 1093 are not mandatory.

[0169] Second connector 1036 comprises a primary male connector 1037A comprising a
second outer component 1036B having a tongue 1036D and a secondary female connector
1037B defined by second inner component 1036A and second outer component 1036B.
Second outer component 1036B is substantially similar to second outer component 336B.
Second inner component is substantially similar to second inner component 336A and
comprises a tongue 1036H. Second connector 1036 comprises a secondary female
connector 1037B defined by second inner component 1036A and second outer component
1036. Second connector 1036 also comprises a tertiary male connector 1092. Although not
depicted, tertiary male connector 1092 may comprise serrations or teeth protruding
therefrom to engage tertiary female connector 1094 and/or serrations or teeth 1093 of
tertiary female connector 1094.

[0170] In some embodiments, a seal 1052 is provided on at least a portion of one or both of
tertiary male connector 1092 and tertiary female connector 1094 to prevent ingress of fluid

between tertiary male connector 1092 and tertiary female connector 1094. Seal 1052 may
39



10

15

20

25

30

CA 03056152 201%-09-11

WO 2018/184103 PCT/CA2018/050409

be substantially similar to seals 52, 252, 952 described herein. In the Figure 17A
embodiment, seal 1052 is protrudes into recess 1094C from outer component 1094B to
contact tertiary male connector 1092 when connection 1032 is formed.

[0171] Given the similarity of panels 1012 and panels 312, it should be evident to a person
of skKill in the art that panels 1012 may be attached to one another in a similar method as
described herein in relation to panels 312 (or 12, 112, 212 etc.) except that tertiary male
connector 1032 is extended into tertiary female connector 1034 as the connection is made.
Serrations or teeth 1093 may serve to decrease friction between tertiary male connector
1092 and tertiary female connector 1094 to facilitate inserting tertiary male connector 1092
into tertiary female connector 1094.

[0172] Although panels 212, 312, 412, 812, etc. are not depicted as comprising tertiary
male and female connectors 1092, 1094 or similar, it should be understood by one of skill in
the art that any of panels 212, 312, 412, 812, etc. or any other panel described or depicted
herein could comprise tertiary male and female connectors 1092, 1094.

[0173] Figure 17D depicts a first connector component 1034’ substantially similar to first
connector component 1034 except in that tongue 1034H’ comprises a beveled portion
10342’ to facilitate engagement of tongue 1036H with tongue 1034H’ by allowing tongue
1036H to slide along beveled portion 10342’ of tongue 1034H’ as edge-to-edge connection
1032 is formed. Although panels 312, 1012 etc. are not depicted as comprising a beveled
portion 10342’ or similar, it should be understood by one of skill in the art that any of panels
312, 1012, etc. or any other panel described or depicted herein could comprise a beveled
portion 1034Z’ or similar.

[0174] Figures 18A and 18B depict a structure lining apparatus according to another
particular non-limiting embodiment of the invention. Structure lining apparatus 1110
comprises a plurality of generally planar panels 1112 which extend in a longitudinal
dimension (into and out of the page) and in a transverse dimension (shown by double-
headed arrow 16). Structure lining apparatus 1110 is substantially similar to structure lining
apparatus 410 (e.g. may comprise similar materials and be installed in similar ways, etc.)
except that panels 1112 comprise a seal 1152 and one or more seal retaining features
1154.

[0175] Figures 18A and 18B show details of an edge-to-edge connection 1132 of
transversely adjacent panels 1112-1, 1112-2 of wall-lining apparatus 1110. In particular,

Figure 18B depicts a transverse cross-section (i.e. a cross section in a plane defined by the
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transverse and inward-outward directions) of edge-to-edge connection 1132. In the
illustrated embodiment, longitudinally extending edge 1120 of a first panel 1112-1
comprises a first connector 1134 and opposing longitudinally extending edge 1122 of a
transversely adjacent second panel 1112-2 comprises a complementary second connector
1136.

[0176] First connector component 1134 may comprise a primary female connector 1135
while second connector 1136 may comprise a primary male connector 1137. Connection
1132 is formed when primary male connector 1137 engages primary female connector
1135.

[0177] First connector 1134 comprises a primary female connector 1135 defined by a first
inner component 1134A and a first outer component 1134B. A recess 1134C is defined
between first inner component 1134A and first outer component 1134B.

[0178] First outer component may comprise one or more seal retaining features 1154. In
some embodiments, first outer component 1134B defines a channel 1155 for receiving a
first retainer portion 1152A of a seal 1152. Seal 1152 (like other seals discussed herein)
may serve to prevent or reduce ingress of unwanted fluid, dirt and/or debris into connection
1132. Seal 1152 may be substantially similar to any seals discussed herein. Seal 1152 may
be an elastic or viscoelastic (e.g. flexible) material. Engagement of first retainer portion
1152A and channel 1155 may serve to retain seal 1152 in a desired location. In the
illustrated embodiment, channel 1155 is located such that seal 1152 is positioned between
first outer component 1134B of first panel 1112-1 and edge 1136F of second panel 1112-2.
This is not mandatory, channel 1155 may be located anywhere so as to position seal in
connection 1132 in contact with adjacent portions of first connector component 1134 of first
panel 1112-1 and second connector component 1132 of second panel 1112-2.

[0179] In some embodiments, first retainer portion 1152A has a “T” shaped cross-section
that may be slid longitudinally into channel 1155. In other embodiments, first retainer portion
1152A has an arrowhead shaped cross-section or similar that may be pushed transversely
into channel 1155. In other embodiments, first retainer portion 1152A may have other cross-
sectional shapes. In some embodiments, first retainer portion 1152A is may be resiliently
deformed during installation into channel 1155 and may exhibit restorative deformation after
insertion into channel 1155 to hold first retainer portion 1152A in channel 1155.
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[0180] Second connector 1136 comprises a primary male connector 1137 comprising a
second outer component 1136B having a tongue 1136D. Second outer component 1136B
is substantially similar to second outer component 436B.

[0181] It should be understood that edge 1136F could also or alternatively have one or
more seal refaining features (e.g. channels or the like) for receiving a retaining portion of
seal 1152. For example, Figures 18C and 18D depict panels 1112’ wherein edge 1136F
comprises a seal retaining feature 1154. Seal retaining feature 1154 of edge 1136F may
comprise a channel 1155’ for receiving a retainer portion 1152B of seal 1152’. To facilitate
formation of connection 1132, retainer portion 1152B may be shaped to be inserted into
channel 1155’ in the transverse direction without substantial deformation. This is not
mandatory. In some embodiments, seal 1152’ may be resiliently deformed during insertion
into channel 1155 and may exhibit restorative deformation to hold retainer portion 1152B in
channel 1155, In some embodiments, seal 1152’ is installed after connection 1132’ is
formed by sliding seal 1152’ in the longitudinal direction. Sliding seal 1152’ in the
longitudinal direction into place in connection 1132’ may comprise sliding retainer portions
11562A, 1152B in the longitudinal direction in channels 1155, 1155’ respectively.

[0182] Given the similarity of panels 1112, 1112’ and panels 412, it should be evident to a
person of skill in the art that panels 1112, 1112’ may be attached to one another in a similar
method as described herein in relation to panels 412 (or 12, 112, 212 etc.) except that seal
1152 is present.

[0183] Although panels 212, 312, 412, 812, etc. are not depicted as comprising a seal
1152, 1152’ or similar, it should be understood by one of skill in the art that any of panels
212, 312, 412, 812, etc. or any other panel described or depicted herein could comprise a
seal 1152, 1152’ or similar.

[0184] Another aspect of the invention provides a mounting tab reinforcer for reinforcing a
mounting tab of a panel. The mounting tab reinforcer may comprise one or more locator
features for maintaining desired positioning of the mounting tab reinforcement relative to the
mounting tab of a panel. In some embodiments, the mounting tab reinforcer wraps around
at least a portion of the mounting tab. In other embodiments, the mounting tab reinforcer
does not wrap around any portion of the mounting tab.

[0185] Figure 19 depicts an exemplary mounting tab reinforcer 500 (sometimes referred to
as reinforce 500) according to one non-limiting embodiment of the invention. Reinforcer 500

is depicted in Figure 19 as being installed on mounting tab 438 of panel 412. This is not
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mandatory. Reinforcer 500 may be employed on any suitable panel such as those depicted
and discussed herein or other panels not depicted or discussed herein.

[0186] Reinforcer 500 may comprise any suitable material, such as for example, a polymer
material, a composite material, a metal material (e.g. spring steel) or some combination
thereof. In some embodiments, reinforcer 500 comprises the same material as panel 412. In
other embodiments, reinforcer 500 comprises a different material than panel 412. In some
embodiments, reinforcer 500 comprises a material having a greater Young's modulus than
that of panel 412, although this is not mandatory. Reinforcer 500 may be made using any
suitable technique, such as, but not limited to pultrusion, injection molding, casting, etc.
[0187] Reinforcer 500 comprises a first body portion 510 and a second body portion 530
attached together by an edge 520 to define a space 515 between first and second body
portions 510, 530. Edge 520 may have an inward-outward dimension that is similar to or
greater than an inward-outward dimension of mounting tab 438 to prevent unwanted
deformation of reinforcer 500 when installed on panel 412. Reinforcer 500 may be formed
as a single piece or may comprise a plurality of pieces joined together by suitable means.
For exampile, first body portion 510 and second body portion 530 may be separate parts
joined together by, for example, a separate edge 520 using a suitable bonding technigue,
welding or one or more fasteners.

[0188] As can be seen from Figure 20B, first and second body portions 510, 530 of
reinforcer 500 define an aperture 550. Aperture 550 may be circular or may be elongated as
depicted in Figure 20B. When reinforcer 500 is installed on a panel (e.g. panel 412), it may
be desired for aperture 550 to align with one or more apertures 440 such that a fastener 50,
250, 350 etc. may be secured through both aperture 440 and aperture 550. To aid in
aligning, and maintaining alignment of aperture 440 of panel 412 (or another suitable panel)
and aperture 550 of reinforcer 500, reinforcer 500 may comprise one or more locator
features 540.

[0189] Locator features 540 may be employed to ensure desired positioning of reinforcer
500 relative to apertures 440 of panel 412 (or another suitable panel). Locator features 540
may comprise any suitable features. For example, in the Figure 20A and Figure 20B
embodiment, locator features 540 each comprise an indented portion 542 that may protrude
into an adjacent aperture 440 when installed. For example, as best seen from Figure 19,
where reinforcer 500 is installed on panel 412 and aperture 550 is aligned with aperture

440-3, aperture 550 is held in alignment with aperture 440-3 by a first locator 540-1 that
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protrudes into adjacent aperture 440-2 and a second locator 540-2 that protrudes into
adjacent aperture 440-4. Locators 540 may be spaced apart such that reinforcer 500 may
be allowed to move in longitudinal direction 19 relative to panel 412 (e.g. while still
maintaining sufficient alignment of aperture 440 and aperture 550) when installed to allow
for some flexibility in installation of fasteners and to allow for some movement due to
thermal expansion of panels 412 of the like.

[0190] Reinforcer 500 may be installed on panel 412 (or another suitable panel) by sliding
reinforcer 500 relative to panel 412 until locators 540 protrude into the desired apertures
440. In some embodiments, this comprises sliding reinforcer 500 in transverse direction 16
toward panel 412. To ease insertion of mounting tab into space 515, a distal end 512 of first
body portion 510 may be beveled or up-turned. Similarly, to ease insertion of protrusions
542 into apertures 440, distal ends 544 of locators 540 may be beveled or up-turned.
[0191] Protrusions 542 may have a transverse width equal to or approximately equal to
(e.g. plus or minus 10%) the transverse width of apertures 440 to reduce relative transverse
movement between reinforcer 500 and panel 412

[0192] As protrusion 542 contacts panel 412, each locator 540 may be resiliently deformed
in inward-outward direction 24 such that panel 412 can pass deeper into space 515. Once
protrusions 542 reach apertures 440, each locator 540 may partially or completely
restoratively deform to its non-deformed shape and protrude into aperture 440 due to
restorative deformation forces caused by the resilient deformation of locator 540. This
resilient and restorative deformation may improve the connection between panel 412 and
reinforcer 500 and may serve to securely hold reinforcer 500 in alignment with aperture 440.
In other embodiments, reinforcer 500 may be slid onto mounting tab 438 in longitudinal
direction 19.

[0193] Reinforcer 500 may serve to reinforce aperture 440 to prevent pull-through of
fasteners (e.g. fasteners 50, 250 etc.) by spreading the forces associated with the fastener
across a larger surface area of mounting tab 438. Reinforcer 500 may also serve to
increase the longitudinal stiffness of panel 414, thereby allowing panels 412 to be employed
across larger unsupported spans (e.g. spaces 40B). Reinforcer 500 may alsc be employed
to improve any panels, including but not limited to pre-existing panels that have issues with
pull-through and/or are not sufficiently stiff for a desired application.

[0194] Figure 21 depicts another exemplary mounting tab reinforcer 600 (sometimes

referred to as reinforce 600) according to one non-limiting embodiment of the invention.
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Reinforcer 600 is depicted in Figure 21 as being installed on mounting tab 438 of panel 412.
This is not mandatory. Reinforcer 600 may be employed on any suitable panel such as
those depicted and discussed herein or other panels not depicted or discussed herein.
[0195] Reinforcer 600 may comprise any suitable material, such as for example, a polymer
material, a composite material, a metal material (e.g. spring steel) or some combination
thereof. In some embodiments, reinforcer 600 comprises the same material as panel 412. In
other embodiments, reinforcer 600 comprises a different material than panel 412. In some
embodiments, reinforcer 600 comprises a material having a greater Young’'s modulus than
that of panel 412, although this is not mandatory. Reinforcer 600 may be made using any
suitable technique, such as, but not limited to pultrusion, injection molding, casting, etc.
[0196] Reinforcer 600 comprises a body portion 610 that is generally elongated in
longitudinal direction 19. First and second flanges 620-1, 620-2 may protrude in inward-
outward direction 24 from longitudinally extending edges of body portion 610 to increase the
longitudinal stiffness of reinforcer 600. Body portion 610 may be arcuate across its
longitudinal dimension such that a top surface 610A of body portion 610 is convex. The
arcuate shape of body portion 610 may reduce the likelihood of overtightening a fastener 50
(250, 350, etc.) installed in aperture 650 due to the restorative deformation forces
associated with the resilient deformation of body 610 as it is flattened out from tightening of
fastener 50.

[0197] As can be seen from Figure 22, body portion 610 of reinforcer 600 defines an
aperture 650. Aperture 650 may be elongated or may be circular as depicted in Figure 22.
When reinforcer 600 is installed on a panel (e.g. panel 412), it may be desired for aperture
650 to align with one or more apertures 440 such that a fastener 50, 250, 350 etc. may be
secured through both aperture 440 and aperture 650. To aid in aligning, and maintaining
alignment of, aperture 440 of panel 412 (or another suitable panel) and aperture 650 of
reinforcer 600, reinforcer 600 may comprise one or more locator features 640.

[0198] Locator features 640 may be employed to ensure desired positioning of reinforcer
600 relative to apertures 440 of panel 412 (or another suitable panel). Locator features 640
may comprise any suitable features. For example, in the Figure 21 and Figure 22
embodiment, locator features 640 (e.g. locator features 640-1, 640-2) each comprise
protrusions 642 that extend in inward-outward direction 34 from longitudinal ends of body
portion 610. Protrusions 642 may have a transverse width equal to or approximately equal
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to (e.g. plus or minus 10%) the transverse width of apertures 440 to reduce relative
transverse movement between reinforcer 600 and panel 412.

[0199] Each protrusion 642 may protrude into an adjacent aperture 440 when installed. For
example, as best seen from Figure 21, where reinforcer 600 is installed on panel 412 and
aperture 650 is aligned with aperture 640-3, aperture 650 is held in alignment with aperture
440-3 by a first locator 640-1 that protrudes into adjacent aperture 440-2 and a second
locator 640-2 that protrudes into adjacent aperture 440-4. Locators 640 may be spaced
apart such that reinforcer 600 may be allowed to move in longitudinal direction 19 relative to
panel 412 (e.g. while still maintaining sufficient alignment of aperture 440 and aperture 650)
when installed to allow for some flexibility in installation of fasteners and to allow for some
movement due to thermal expansion of the like.

[0200] Reinforcer 600 may serve to reinforce aperture 440 to prevent overtightening of
fasteners (e.g. fasteners 50, 250 etc.) and pull-through of fasteners (e.g. fasteners 50, 250
etc.) by spreading the forces associated with the fastener across a larger surface area of
mounting tab 438. Reinforcer 600 may also serve to increase the longitudinal stiffness of
panel 414, thereby allowing panels 412 to be employed across larger unsupported spans
(e.g. spaces 40B). Reinforcer 600 may also be employed to improve any panels, including
but not limited to pre-existing panels that have issues with pull-through and/or are not
sufficiently stiff for a desired application.

[0201] Where a component is referred to above, unless otherwise indicated, reference to
that component (including a reference to a “means”) should be interpreted as including as
equivalents of that component any component which performs the function of the described
component (i.e. that is functionally equivalent), including components which are not
structurally equivalent to the disclosed structure which performs the function in the
illustrated exemplary embodiments of the invention.

[0202] Unless the context clearly requires otherwise, throughout the description and any
accompanying claims (where present), the words “comprise,” “comprising,” and the like are
to be construed in an inclusive sense, that is, in the sense of “including, but not limited to.”

[LIT]

As used herein, the terms “connected,” “coupled,” or any variant thereof, means any
connection or coupling, either direct or indirect, between two or more elements; the coupling
or connection between the elements can be physical, logical, or a combination thereof.
Additionally, the words “herein,” “above,” “below,” and words of similar import, shall refer to

this document as a whole and not to any particular portions. Where the context permits,
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words using the singular or plural number may also include the plural or singular number

respectively. The word “or,” in reference to a list of two or more items, covers all of the

following interpretations of the word: any of the items in the list, all of the items in the list,

and any combination of the items in the list.

[0203] As will be apparent to those skilled in the art in the light of the foregoing disclosure,

many alterations and modifications are possible in the practice of this invention. For

example:

Any of the connector components described herein can be used in conjunction with
any of the panels spans (e.g. span 12C) described herein.

In the embodiments describes herein, the outward facing surfaces of some panels
(e.g. panels 12,112) are substantially flat. In other embodiments, panels may be
provided with corrugations in inward/outward direction 24. Such corrugations may
extend longitudinally and/or transversely.

In the embodiments described above, the various features of panels 12, 112 (e.g.
connector components 34, 36, 134, 136, etc.) are substantially co-extensive with
panels 12, 112 etc. in the longitudinal dimension. This is not necessary. In some
embodiments, such features may be located at various locations on the longitudinal
dimension of panels 12, 112 etc.

In some embodiments, the panels described herein may be used to fabricate walls,
ceilings or floors of buildings or similar structures. In general, the panels described
above are not limited to building structures and may be used to line any suitable
structures formed from wood, concrete or similar materials. Non-limiting examples of
such structures include transportation structures (e.g. bridge supports and freeway
supports), barns, hangars, factories, beams, foundations, sidewalks, pipes, tanks,
beams and the like.

Structures (e.g. ceilings) fabricated according to the invention may have curvature.
Where it is desired to provide a structure with a certain radius of curvature, panels
on the inside of the curve may be provided with a shorter length than corresponding
panels on the outside of the curve. This length difference will accommodate for the
differences in the radii of curvature between the inside and outside of the curve. It
will be appreciated that this length difference will depend on the thickness of the

structure.
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» In addition or in the alternative to the co-extruded coating materials and/or surface
texturing described above, materials (e.g. sealants and the like) may be provided at
various interfaces between the connector components described above to improve
the impermeability of the resulting connections to liquids and/or gasses.

e The description set out above makes use of a number of directional terms (e.g.
inward-outward direction 24, transverse direction 16 and longitudinal direction 19).
These directional terms are used for ease of explanation and for explaining relative
directions. In some embodiments, the longitudinal direction 19 may be generally
vertical and the transverse and inward-outward directions 16, 24 may be generally
horizontal, but this is not necessary. Walls and other structures fabricated from the
forms described herein need not be vertically and/or horizontally oriented like those
described above. In some circumstances, components of the forms described herein
may be assembled in orientations different from those in which they are ultimately
used to accept concrete. However, for ease of explanation, directional terms are
used in the description to describe the assembly of these form components.
Accordingly, the directional terms used herein should not be understood in a literal
sense but rather in a sense used to facilitate explanation and/or directions relative to
one another.

« Many embodiments and variations are described above. Those skilled in the art will
appreciate that various aspects of any of the above-described embodiments may be
incorporated into any of the other ones of the above-described embodiments by
suitable modification.

o The structure claddings in the illustrated embodiments are not necessarily to scale.
In some embodiments, some panels may be larger than others.

[0204] While a number of exemplary aspects and embodiments have been discussed
above, those of skill in the art will recognize certain modifications, permutations, additions
and sub-combinations thereof. It is therefore intended that the following appended aspects
and aspects hereafter introduced are interpreted to include all such modifications,
permutations, additions and sub-combinations.
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CLAIMS:

1.

A structure-lining apparatus for providing a lining surface for a structure, the
apparatus comprising:

a plurality of transversely and longitudinally extending panels connectable to
a surface of the structure and connectable edge-to-edge via complementary
connector components on their longitudinally extending edges to define at least a
portion of a lining surface, each panel comprising transversely extending edges
generally orthogonal to their longitudinally extending edges;

each panel comprising a first connector component on a first longitudinally
extending edge thereof and a second connector component on a second
longitudinally extending edge thereof, the second connector component
complementary to the first connector component;

each first connector component comprising a mounting tab for connecting the
first connector component to the surface of the structure;

at least one edge-to-edge connection between a first connector component of
a first panel and a second connector component of a second panel, the at least one
edge-to-edge connection comprising a primary male connector component of the
second connector component of the second panel extended into a primary female
connector component of the first connector component of the first panel and a
secondary male connector component of the first connector component of the first
panel extended into a secondary female connector component of the second
connector component of the second panel; and

wherein a transverse direction is generally parallel to the transversely
extending edges of the first panel and a longitudinal direction is generally parallel to
the longitudinally extending edges of the first panel;

wherein the primary female connector component comprises a barb and the
primary male connector component comprises a hook wherein the hook defines a
third hooked concavity, the third hooked concavity opening a second panel
transverse direction generally parallel to the transversely extending edges of the

second panel and the barb extending in the longitudinal direction;
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wherein the structure is a ceiling framework and the structure-lining apparatus
comprises a ceiling-lining apparatus and a shape of the barb of the primary female
connector component of the first panel and a shape of the third hooked concavity of
the primary male connector component of the second panel permit the second panel
to hang in a hanging configuration from the first panel after the first panel is
connected to the ceiling structure during formation of the at least one edge-to-edge

connection by receiving the barb in the third hooked concavity.

A structure-lining apparatus according to claim 1 wherein the secondary male
connector component is extended into the secondary female connector component
to form the at least one edge-to-edge connection by forcing the first connector
component of the first panel and the second connector component of the second

panel together in the transverse direction.

A structure-lining apparatus according to claim 2 wherein the secondary male
connector component is resiliently deformed during formation of the at least one
edge-to-edge connection by forcing the first connector component of the first panel
and the second connector component of the second panel together in the transverse
direction to thereby apply a restorative force to the secondary female connector
component when the at least one edge-to-edge connection is made, the restorative

force acting to maintain the at least one edge-to-edge connection.

A structure-lining apparatus according to claim 2 wherein the secondary female
connector component is resiliently deformed during formation of the at least one
edge-to-edge connection by forcing the first connector component of the first panel
and the second connector component of the second panel together in the transverse
direction to thereby apply a second restorative force to the secondary male
connector component when the at least one edge-to-edge connection is made, the

second restorative force acting to maintain the at least one edge-to-edge connection.

A structure-lining apparatus according claim 1 wherein the secondary male
connector component comprises a first hook tip and a first hooked concavity and the

secondary female connector component comprises a second hook tip and a second
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hooked concavity and the at least one edge-to-edge connection comprises
engagement of the first hook tip in the second hooked concavity and the second
hook tip in the first hooked concavity to thereby lock the first connector component of

the first panel to the second connector component of the second panel.

A structure-lining apparatus according to claim 1 wherein the primary male
connector component is extended into the primary female connector component
during formation of the at least one edge-to-edge connection by effecting relative
pivotal motion between the first connector component of the first panel and the

second connector component of the second panel.

A structure-lining apparatus according to claim 1 wherein the primary male
connector component is partially extended into the primary female connector
component during formation of the at least one edge-to-edge connection by effecting
relative pivotal motion between the first connector component of the first panel and
the second connector component of the second panel and the primary male
connector component is partially extended into the primary female connector
component during formation of the at least one edge-to-edge connection by forcing
the first connector component of the first panel and the second connector

component of the second panel together in the transverse direction.

A structure-lining apparatus according to claim 7 wherein the primary male
connector component is partially extended into the primary female connector
component during formation of the at least one edge-to-edge connection by forcing
the first connector component of the first panel and the second connector
component of the second panel together in the transverse direction after the primary
male connector component is partially extended into the primary female connector
component during formation of the at least one edge-to-edge connection by effecting
relative pivotal motion between the first connector component of the first panel and

the second connector component of the second panel.

A structure-lining apparatus according to claim 1 wherein the first panel comprises a

longitudinally and transversely extending outer layer and a longitudinally and
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10.

11.

12.

13.

14.

15.

16.

17.

transversely extending inner layer at a location inwardly spaced apart from the outer
layer.

A structure-lining apparatus according to claim 9 wherein the inner layer comprises
one or more arcuate and outwardly projecting convexities.

A structure-lining apparatus according to claim 9 wherein the inner layer comprises
an arcuate and outwardly projecting convex cross-section on a cross-sectional plane

that is normal to the longitudinal direction.

A structure-lining apparatus according to claim 9 wherein each panel comprises one
or more brace elements that extend between the inner layer and the outer layer.

A structure-lining apparatus according to claim 12 wherein the one or more braces
comprises a plurality of braces and wherein the structure-lining apparatus comprises
an internal stiffener located between the inner and outer layers and between a first

brace and a second brace of the plurality of braces.

A structure-lining apparatus according to claim 13 wherein the internal stiffener

comprises a different material than a material of the first and second panels.

A structure-lining apparatus according to claim 1 wherein at least one of the primary
male and primary female connector components of the first panel is at least partially

coated with a sealing material.

A structure-lining apparatus according to claim 1 wherein the primary male and
female connector components are shaped such that extending the primary male
connector component of the second connector component into the primary female
connector component of the first panel can be effected without deformation of the

primary male and female connector components.

A method for lining a structure with a lining surface, the method comprising:
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attaching a first panel to a structure so that the panel extends in longitudinal
and transverse directions and has longitudinally extending edges extending in the
longitudinal direction and transversely extending edges extending in the transverse
direction;

forming an edge-to-edge connection by connecting a second longitudinally
extending edge of a second panel to a first longitudinally extending edge of the first
panel in edge-to-edge relation via complementary connector components on their
longitudinally extending edges to define at least a portion of a lining by:

extending a primary male connector component of a second connector
component of the second longitudinally extending edge of the second panel into a
primary female connector component of a first connector component of the first
longitudinally extending edge of the first panel; and

extending a secondary male connector component of the first connector
component of the first panel into a secondary female connector component of the
second connector component of the second panel;

wherein the primary female connector component is shaped to prevent
removal of the primary male connector component therefrom and the secondary
female connector component is shaped to prevent removal of the secondary male
connector component therefrom; and

attaching a first longitudinally extending edge of the second panel to the
structure;

wherein the primary female connector component comprises a barb and the
primary male connector component comprises a hook wherein the hook defines a
third hooked concavity, the third hooked concavity opening a second panel
transverse direction generally parallel to the transversely extending edges of the
second panel and the barb extending in the longitudinal direction;

wherein attaching the first panel to the structure comprises attaching the first
panel to a ceiling framework;

and wherein the method further comprises receiving the barb of the first panel
in the third hooked concavity of the second panel and hanging the second panel
from the first panel in a hanging configuration by supporting the second panel on the
barb of the first panel.
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