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; (57) Abstract: A structural panel system that has two skin members (11, 12) that are separated by a plurality of semi-tlexible support

members (14) disposed therebetween. The support members (14) and the skin members (11, 12) are adhered together by a semi-

o flexible core member (16). The first skin member (12) is movable relative to the second skin member (11). The first skin member

(12) may be perforated and encapsulated by either the core member (16) or a cementitious material (20) to provide a variety of panel

surfaces.
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STRUCTURAL PANEL SYSTEM

" Technical Field

The invention relates to a structural panel system
that provides a very fast and reliable way of buillding
wall, floor and roof structures. \

Background information and summary of the invention

With diminishing timber resources, there 1is an
increasing demand for effective replacements of wood as a
building material. The prior art methods have been either
too complicated or too expensive to seriously impact the
potential market. Other drawbacks with the prior art
technologies are that they are cumbersome to handle, and
the finished wall/roofing systems often lack aesthetic
appeal. |

Additionally, in conventional panelized building
designs, it is often necessary to use internal horizontal
perlins or diagonal cross bracing to provide sufficient
strength and rigidity to the structure. These required
extra support members not only increase costs and reduce
design options but also detract from the aesthetic appeal

of the interior of the building structure.

When structural panel systems are used in a roofing or
flooring application, 1t is desirable to provide a load-
carrying capability across a given span. In a roofing
application, it is also desirable to provide a sufficient
pull-apart strength that will withstand uplift forces
created during high wind situations. The roofing and wall
panel systems should also have good insulation capability
and be resistant to water leakage. It is also desirable for
structural panels to be lightweight and easy to install.
Further, because of the increasing. costs and lack of

"availability of quality lumber materials, 1t 1is
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desirable to use as few wood components as possible. The
panel system of the present invention provides all of the
above-listed regquirements.

The structural panel system of the present
invention may have two parallel skin panels that are
separated by a plurality of polymeric support members
disposed therebetween. The support members may be attached
to the skin panels by a very high bonding tape that has a
strong adhesive on both sides and a high-strength tape
material. An alternative method of attaching the skins to
the support members is by the use of self-drilling, self-
tapping sheet metal screws. The outer skin panel is movable
relative to the inner skin panel so that no stresses are
transferred to the inner skin panel that 1s secured to the
red-iron structure. A semi-rigid core material may be
injected into a space defined by the skiln panels and the
support members to further improve the strength of the panel
system. The core material may be used to adhere the skin
panels and the support members together. A decorative panel

such as a cementitious panel, stucco panel, etc., may be
attached to or assembled as an integral part of the outer

skin member.

Brief description of the drawings
Fig. 1 is an end view of the panel system of the

present 1nvention;

Fig. 2 1is an end view of a first panel system
having a first skin surface composed of the core material
and being attached to an identical second panel system;

Fig. 3 is a perspective view of a vertical wall
system having a foam core member and a cementitious outer
surface;

Fig. 4 is an end view of the foam-filled panel
system having a cast outer cementitious surface material
that is cast around a perforated rib in the outer skin
causing the rib member to become an internal reinforcing

member of that outer skin;
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Fig. 5 1s an end view of the foam-filled panel
system having a cast outer cementitious surface material
that 1s cast around and encapsulates the outer skin member;

Fig. 6 1s an end view of a first panel system
having a third skin member bonded to the panel by the core
material and being attached to an identical second panel
system.

Fig. 7 1s a side view of a panel using support
members of varying height to cause non-parallel panel
surfaces;

Fig. 8 1s an end view of a first panel system that
1s attached to a second panel system;

Fig. 9 is a detailed view of the connection of the

first and second panel system of Fig. 8; and

Fig. 10 1s a detailed cross-sectional view along

line 10-10 1n Fig. 5.

Detailed Description
With reference to Fig. 1, the panel system 10 of

the present invention preferably i1ncludes two parallel skin
panels 11, 12 that are separated and supported by semi-
flexible support members 14. It 1is to be understood that
the skin panels do not necessarily have to be parallel to
one another. The skin panels 11, 12 may be made of steel,
fiberglass, wood, or any other suitable skin or panel
material. The support members 14 could be any type of a
separator such as a polymeric channel having a sultable size
and shape. The spacing of the support members 14 between
the skin panels 11, 12 directly affects the physical
properties of the panel system 10. The more support members
14 that are used, and the closer the support members are
placed relative to one another, the stiffer the panel system
10 becomes. For example, the support members 14 may be
spaced at about 3-foot to 5-foot intervals along the length
of the panel system 10. The structural panels 10 may be
used to form a vertical wall system and/or a slanting or

horizontal roofing system, as described 1in detail below.
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The skin panels 11, 12 may be attached to the
support members 14 by a high-bond adhesive tape 13 such as
3M’s VHB tape (very high-bond tape). Preferably, the
adhesive tape 13 has a tensile strength of between about 20-
140 p.s.i1. More preferred, the tensile strength 1is between
about 70-140 p.s.1. Most preferred, the tenslile strength 1is
between about 110-140 p.s.1. Preferably, the adhesive tape
has a shear strength of between about 20-80 p.s.i. More
preferred, the shear strength is between about 40-80 p.s.1.
Most preferred, the shear strength 1s between about 70-80
p.s.1.

The tape 1s preferred to conventional fasteners,
such as screws, because there 1s less risk of leakage,
although screws may be used in conjunction with the VHB
tape. This leak-free feature 1s particularly important when
the panel system 10 1s used in a roofing system. However,
it is to be understood that the support members may also be
attached to the skin panels with conventional fasteners such
as screws, bolts, or other suitable fasteners.

As shown in Fig. 1, the support members 14 are
preferably elongate polymeric stiffener members having a
plurality of square, round, or other shaped holes 15 defined
therethrough. Each support member 14 has two elongate
parallel side members 30, 32 that are connected Dby
transverse members 34 so that the holes 15 are formed by the
side members and the transverse member. Each corner of the
hole 15 may be reinforced by corner section 40 to further
improve the stiffness of the support member 14. Preferably,
the corner section 40 is integral with the side members and
the transverse members.

If necessary, one support member may safely be
stacked on top of or interlocked with another support member
for greater strength and holding power. This stacking
and/or interlocking feature makes it easier to store the
support members, and two or more support members can be
stacked on top of one another in areas of the wall structure
that are subjected to very high load. In other words, the
support members may be nested together to add strength to
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the panel system when needed so that any stress force may be
transferred from one support member to the next support
member. When the support members 14 are locked together
into a set, the set provides increased strength compared to
having several individual support members simply placed next
to one another.

With reference to Fig. 1, a semi-rigid foam
material 16 may be used as an insulation and core material.
When the semi-rigid foam material is used, the foam material
and the support members together act as the compression
members between the skin panels. The foam material 16 may
be bonded to the support members 14 and to the inner and
outer skin panels 11, 12 so that the support members 14, the
skin panels 11, 12 are adhered together by the foam material
16 1itself. Of course, an additional adhesive may be applied
to the foam material 16 to further strengthen the bond
between the foam material and the support member and the
skin panels.

The panel system 10 has a thickness ranging from
about 3.5 1nches or less to 12 1nches or more that provides
a wide range of insulation factors as well as a wide range
of strength and stiffness characteristics to meet both
engineering and architectural requirements.

The semi-rigid foam material 16 not only i1mproves
the strength properties of the support member 14 but may
also be used to form a suitable outer surface, as described
in detail below. The inner skin panel 11 and/or the outer
skin panel 12 are perforated to permit the core—material 16,
such as a foam material, to expand therethrough. Prior to
the foam material 16 being cured, a plane non-stick outer
molding panel may be used as a molding surface that 1s then
removed so that a more permanent outer panel material or
coating may be attached to the outer foam surface, such as
cement board or stucco. The outer molding panel ensures
that the skin panels are held in place and not pushed apart
by the forces created when the foam material 16 1is

expanding.
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Fig. 2 shows such a panel system wherein an outer

surface 196 of the panel is formed from the core member
material 16. The foam material may be a urethane semi-rigid
foam that that may be used as a bonding agent. As best
shown 1n fig. 6, as the foam material expands through the
holes, a suitable outer skin may be attached to or by the
semi-rigid urethane foam and be bonded to the panel system.
The outer skin may be a cement board, dry wall, strand
board, or any other suitable outer skin.

More particularly, because a chamber is formed
between the flat segments 25 and the ribs 21, the unexpanded
foam material 16 1s permitted to penetrate into the chamber
through holes formed in the skin panel 12 and bear against a
non-stick mold surface that is close to the outer skin panel
12. This produces a flat foam surface onto which an acrylic
stucco or any other suitable finishing panel may be bonded.
Similarly, a finishing panel may also be bonded to the

inside of the panel system. The cementitious skin 20 may

‘also be bonded to the flat foam surface. Because the

support members 14 are bonded to the skin panels, the skin
panels 11, 12 are held together while the foam material 16
1s expanding between the skin panels and towards the non-
stick mold surface.

The panel system of the present invention provides
for triple protection against leakage. If a standing seam
or other exterior surface 1s used and water somehow
penetrates the exterior surface, the closed-cell foam
material prevents the water from going further i1nto the
panel system. Even 1f water manages to go through the foam
material, the inner skin panel would prevent the water from
penetrating or lead it away into a gutter. The panel system
may be specifically designed in such a way that water 1s led
away from the panel system by the inner skin panel directly
into a gutter.

The inner skin panel 11 may be firmly attached to
the red-iron skeleton of a building so that the outer skin
panel 12 can expand and contract separately from the

structure. Because the outer skin panel 12 is attached to
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the red-iron structure via the support members 14, the outer
skin panel 12 1s free to expand and contract independently
of the red-iron structure and, therefore, does not transfer
stresses to the inner skin panel 11 or to the red-iron
structure to which the inner skin panel 11 1s attached.

The support members 14 are also designed to
"float" on the foam material 16 so the support members are
in turn supported by the foam material 16 in the vertical
direction if the panel system i1s used as a vertical wall
structure (as best seen in Fig. 3). Therefore, the outer
steel skin 12 (along with a cementitious or other additional
skin) 1s supported by compressing the foam material 16. The
latter compression feature only applies to vertical wall
structures.

With reference to Fig. 1, when the panel 10 1is
used in a wall system, the inner skin panel 11 may be firmly
attached to a footing or a foundation of the building as
well as to the girders or bar joists at the top of the
building structure. The outer skin panel 12 may be
partially supported by resting on the foundation of a
building structure. However, 1f so desired, the outer skin
panel 12 may be entirely supported by the support members 14
that are attached to both the inner and outer skin panels
11, 12.

Because the inner skin panel 11 1s not subject to
the same forces that are caused by thermal expansion and
contraction, the inner skin panel 11 can be fixedly attached
to the internal red-iron structure. The vertical skin
panels may also be attached to each other, such as by
screwing one skin to another skin, thus forming a continuous
drum-head-like surface that reinforces the entire red-iron
structure. This feature may reduce or even eliminate the
need for horizontal perlins and cross braces that are found
in most metal buildings. The attachment of the skin panels
to the red-iron structure also substantially improves the
wind-load and seismic-load capabilities of the panel system.
The combination of the drumhead engineering and the stress

skin structure of the panel system provides a system that
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substantially increases the overall strength of the building
structure.

As best shown in Fig. 3, the vertical wall
system may be a tilt-up panel system 182 that has the inner
skin panel 184 attached to a red iron framework 186. An
outer skin member 188 has a plurality of openings 189
defined therein so that a cementitious exterior surface 190
may be made to encapsulate the outer skin member and the
outer lips of the support members 192. The inner skin panel
184 may also be attached to a footing member 194.

In certain applications, 1t may desirable to clad
the outside surface of the panel system with an exterior
finish panel. 1In an alternative embodiment, a fast-setting
cementitious material may be cast around the outer skin
member of the panel system during the manufacturing process
of the panel system, as shown, for example, 1n Figs. 4 and

5. If the extra finish panel i1s heavy, 1t 1s possible to

use an extra number of support members 1n the panel system
to provide sufficient strength.

As mentioned above, several support mempers may
also be interlocked together to provide even better
strength, and the inside, between the 1inner and outer skin
panels, may be filled with the semi-rigid foam or other core
material to further add to the strength characteristics of
the panel system. Also, the transverse members of the
support members transfer the downward rotational force that
is created by the weight of the outer skin panel to a
compression load on the semi-rigid foam or other core
material. As opposed to a conventional panel system, there
is no need to solely rely on the shear strength of the foam
material itself or on the shear bond that exists between the
core material and the outer skin panel. The downward force
created by the relatively heavy cementitious outer panel 1s
carried by the floats, which are, in turn, supported by the
core material.

Because the foam-filled panel system is very stiff
and rigid, the panel system provides an excellent platform

for structural applications. The cast cementitious material
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provides excellent fire protection, weather resistance,
impact resistance, and interesting aesthetic appearances.
Almost any type of surface can be cast around the outer
panel skin member, thus providing a brick-, stucco-, wood-

like appearance, or other architecturally pleasing

appearance.

As best shown in Fig. 4, a cementitious skin 20

may be attached to the outer surface 19 of the foam material
16 and to the protrusion segments 21 of the steel skin 11 to
provide a finished look. This feature greatly reduces the
cost of providing a non-metal finish for the panel system
10. Furthermore, the combination of the cementitious skin
20 and the skin panels 11, 12 improves the strength

characteristics of the compression member of the panel

system under severe loading conditions.

As shown i1n Fi1g. 4, 1t 1s also possible to provide
the ribs 29 of the skin panels 11, 12 with perforations so
that, when the cementitious material 1s cast on the surface
of, for example, the outer skin panel 12, the cement 1is
permitted to flow through the holes in the ribs and
therefore mechanically encapsulates the ribs of the outer
skin panel 12 when the cement is cured. The outer skin
panel 12 then becomes a reinforcing member for the
cementitious material 20. It has been found that magnesium
oxyphosphate or magnesium oxychloride cements are
particularly suitable because they are fast setting,
relatively lightweight, and very fire resistant. Other
materials could also be used, but magnesium oxyphosphate 1s
preferred because, not only is the material fast setting,
but it also adheres well to metal surfaces. It 1s also
possible to use an embossed skin panel instead of a
perforated skin panel.

Fig. 6 shows a panel system wherein a sheet stock
material 198 has been bonded to outer surface 196 of the
panel system by the core member material 16. These panel
systems are discussed in more detail below.

Fig. 7 illustrates an alternative embodiment of

the panel system of the present invention. Instead of using
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two parallel skins, this embodiment has one relatively flat
skin panel 102 and a bent or convex shaped skin panel 104.
It 1s to be understood that the skin panel may also have a
concave shape or form an obtuse angle with the first skin
panel so that the two skin panels are not parallel.

Because the skin panel 1s not flat, support
members 106 having different heights may be used. 1In a span
loading application, the highest load stress most often
occurs 1n the center of the panel system. A panel that has
greater thickness 1in the center therefore has its greatest
strength at the highest potential stress point. Another
important feature of this embodiment is that less relatively
expensive core material is required. Also, the panel system
may conveniently be used as a roof system because the panel
system may be provided with a suitable pitch.

With reference to Fig. 5, an outer cementitious
panel 156 may be cast around an outer skin panel 158 of a
first panel system 160. The cementitious skin member 156
may have a first outer ridge 162 and a second outer ridge
164 that both protrude outwardly. Similarly, an outer
cementitious skin member 166 may be formed around an outer
skin member 168 of a second panel system 170. The panel 166
may have a first outer ridge 172 and a second outer ridge
174 that both protrude outwardly. When the panel system 1is
used as a roofing panel, 1t 1s preferable to place a U-
shaped seam cap 176 over the ridges 162, 172, so that the
ridges extend into a cavity 178 defined in the seam cap 176
to provide further protection against undesirable water
penetration between the panels attached to one another. If
the ridge, such as the ridge 164, 1s at the end of the panel
roofing assembly, an L-shaped end cap 180 may be placed over
the ridge 164.

With reference to Figs. 8-9, a first panel system
120 is shown being attached to a second panel system 122.
The panel system 120 has a semi-rigid core material 124
disposed between a first skin member 126 and a second skin
member 128 that are separated by a support member 130, as

described above. Similarly, the panel system 122 has a

10
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seml-r1gld core material 132 disposed between a first skin
mempber 134 and a second skin member 136 that are separated
by a support member 138.

As best shown 1n Fig. 9, the core material 124 has
a protrusion 140 that protrudes beyond the support member
130. The core material 132 has a corresponding protrusion
142 that protrudes beyvond the support member 138 so that the
protrusions 140 and 142 may connect when the first panel
system 120 1s attached to the second panel system 122.
Preferably, the protrusions 140, 142 form a watertight seal
therebetween.

The male rib segment 144 may be bonded to the
female segment 146 by 3M’s VHB very high bond tape 145, or
any other suitable bonding method, so that the segment 144
forms a watertight seal with the segment 146. Similarly,
the male segment 148 may be bonded to the female segment 150
by a sultable caulkiling material 149 that 1s suitable for
interior use so that so that the segment 148 1s sealed to
the segment 150. In this way, internal gutters 152, 154 may
be defined between the protrusions 140, 142, the support
members 130, 138, and the outer and 1nner panel skins.

Should water penetrate the seal between the outer
skins, the seal between the foam protrusions 140, 142
prevents the water from penetrating through the panel
system, and the water i1s permitted to run down the interior
gutter 152. In the unlikely event that water even
penetrates the seal between the protrusions 140, 142, the
water 1s permitted to run down the interior gutter 154 that
is disposed inside the seal between the protrusions 140,
142.

Fig. 10 is a cross-sectional view along of Fig. 5.
The support member 14 has a lip portion 200 that extends 1in
a direction that is parallel to the outer cementitious panel
156 and the outer skin member 158. This provides, among
other things, a very secure and strong attachment and

integration of cementitious panel member to the structural

panel as a whole.

11
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While the present 1nvention has been described in
accordance with preferred compositions and embodiments, it

1s to be understood that certain substitutions and

alterations may be made thereto without departing from the

splirit and scope of the following claims.

12
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A structural panel system, comprising:

a first skin member; \

a second skin member spaced apart from the first
skin member, the second skin member having a plurality of
perforation openings defined therein; |

a plurality of elongate support members each
having long and narrow sides and, attached to the first and
second skin members with the long and narrow sides '
substantially parallel to the first and' second skin
members, the support members being spaced apart so that the
support members and the skin members define a plurality of
spaces therebetween;

a cementitious material cast around the second
skin member to enclose the second skin member so that both
an exterior face and an interior face of the second skin
member are covered by a layer of the cementitious material;
and

a semi-rigid foam core member disposed in the
spaces, the semi-rigid foam core member being adhered to
the support members, the first skin member, and the
cementitious material.

2. The structural panel system according to
claim 1 wherein the support members are attached to the
first and second skin members by a high-bond tape member.

3. The structural panel system according to
claim 2 wherein the high bond tape member has a tensile
strength between 20-140 psi and a shear strength between
20-80 ps1i.

4 . The structural panel system according to
claim 3 wherein the high bond tape member has a tensile

strength between 110-140 psi and a shear strength between
70-80 psi.

13
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5. The structural panel system according to
claim 1 wherein the first skin member is bonded with a tape
to the support members.

6 . The structural panel system according to .
claim 1 wherein the first skin member is perforated a semil-
rigid foam material of which the core member 1s made
encloses the first skin member and extends along an outside
of the first skin member.

7. The structural panel system according to
claim 6 wherein the foam material on the outside of the
second skin member forms a bonding surface and a third skin
member is bonded to the bonding surface.

8 . The structural panel system according to
claim 1 wherein the second skin member i1is movable relative
to the first skin member.

9. A structural panel system, comprising:

a first skin member;

a second skin member spaced apart from the first
skin member; '

a plurality of elongate support members each
having respective long and narrow sides thereof attached to
the first and second skin members, the long and narrow
sides of the support members being substantially parallel
to the first and second skin members, the support members
being spaced apart along the first and second skin members
so as to define a plurality of spaces bounded on two sides
by the first and second skin members and bounded on two
other sides by the support members; and

the first skin member, the second skin member and
the plurality of support members being adhered together
into a structural unit by a core of semi-rigid foam
material disposed 1n the spaces and encapsulating the
support members.

10. The structural panel system according to
claim 9 wherein the support members are made of a semi-

14 -
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flexible material so that the second skin member 1s movable
relative to the first skin member.

11. The structural panel system according to

5 claim 9 wherein each of the support members has a plurality
of openings defined therein.

12. The structural panel system according to
claim 9 wherein at least one of the skin members has a

10 ribbed profile and is made of a high tensile steel
material.

13. The structural panel system according to

claim 9 wherein the second skin member has a plurality of
15 openings defined therein.

14. The structural panel system according to
claim 13 wherein a cementitious material 1is cast around the
second skin member so that both an exterior face and an

20 interior face of the second skin member are covered by a
layer of the cementitious material. ’

15. The structural panel system according to
claim 1 wherein the cementitious material has a

25 longitudinal ridge that protrudes outwardly and a ridge cap
is placed on top of the longitudinal ridge.

16. The structural panel system according to

claim 15 wherein the foam material of which the core member
30 is made permeates the second skin member to form a core
member surface on an outside of the second skin member.

17. The structural panel system according to
claim 15 wherein the foam material of which the core member

35 is made permeates the second skin member and bonds to a
third skin member.

18. The structural panel system according to

claim 9 wherein the support members have different heights
40 so that a first thickness at a middle portion of the

15



10

15

20

25

30

35

4()

! ! S EY el A I B

CA 02381082 2004-12-03

structural panel system 1s different from a second
thickness at an end of the structural panel system.

19. The structural panel system according to
claim 9 wherein the core member is made of a semi-flexible
polyurethane foam material.

20. A structural panel system according to claim
9 wherein each of the plurality of support members
comprises a connecting member having a first end and an
opposite second end, a first side member attached to the
first end, and a second side member attached to the second
end, the first and second side members being perpendicular
to the connecting member and extending along an entire
length of each support member and including the long and
narrow sides thereof, and wherein the connecting member
extends from the first skin member to the second skin
member and the first and second side members are
substantially parallel to and extend along the first and
second skin members, respectively.

21. A structural panel system according to claim
9, wherein the second skin member is perforated and the
seml-rigid foam material of which the core is made encloses
the second skin member and extends along an outside of the
second skin member.

22, In combination, two of the panel systems of
claim 9, wherein a first one of the two structural panel
system 1s attached to a second one of the two structural
panel systems along a respective confronting side of each
of the two structural panel systems, the core of each of
sald two structural panel systems protruding toward the
other of said two structural panel systems and the cores
being in mating contact with each other’, and wherein each
of the two structural panel systems has along the
confronting side thereof a male rib on one of its first and
second skin members and a corresponding female segment on
the other of i1ts first and second skin members, the male
rib of each of the two structural panel systems being

16
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matingly located in the female segment of the other of the
two structural panel systems, the two structural panel
systems thereby defining a first internal gutter between
the core members and the first skin members and a second
internal gutter between the core members and the second
skin members of the two structural panel systems.

17
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