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(§7) Abstract

An integrated construction panel (1) is designed
for use in the construction of modular buildings. The
panel comprises a grid (5, 6) of structural studs made
of fire-proof material bonded together by an adhesive
with a high degree of elasticity. A rigid frame (2)
surrounds the grid and is attached to the end of the
studs. The frame is adapted to mate with an adjacent
similar panel. Front (8b) and rear wall (8) members are
attached to the frame to define a substantially enclosed
space therewithin. A closed cell foam substantially fills
the space to provide additional adhesion and distribute
external loads throughout the panel.
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MODULAR BUILDING SYSTEM

This invention relates to a modular building system, and in particular to an
integrated construction panel suitable, for example, for constructing domestic dwellings

from pre-fabricated components, a building constructed from such panels, and a method

of constructing a pre-fabricated building.

Prefabricated buildings have been known for many years and come in various
shapes and sizes. Typically, a frame structure is assembled first. Wooden or metal panels

are then applied to the frame structure to form the shell of basic building, which must then

be finished in a conventional manner.

Such buildings still require a long time to complete because of all the exterior and
interior finishing work that is required. Also skilled craftsmen, who may not be readily

available on site, are required to complete the assembly of the building.
An object of the invention is to alleviate the disadvantages of the prior art.

According to the present invention there is provided an integrated construction
panel for use in the construction of modular buildings, especially with integrated services,
comprising a grid of structural studs made of fire-proof material bonded together by an
adhesive with a high degree of elasticity, a rigid frame surrounding said grid and attached
to the end of the studs, said frame being adapted to mate with an adjacent similar panel,
front and rear wall members attached to said frame to define a substantially enclosed
space therewithin; and a closed cell foam substantially filling said space to provide

additional adhesion and distribute external loads throughout the panel.
The panel can be used in buildings with integrated services.

The studs, frame and wall members are preferably made of sheet metal and held
together by a modified form of bitumen acting as an adhesive. This modified bitumen can

also encapsulate the entire panel to prevent the ingress of moisture and egress of gas from

the foam and provide an air seal.

The studs can conveniently be channel-shaped for strength.
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A decorative facing, for example of facing bricks, can be applied to the front of

the panel using the modified bitumen as an adhesive.

The panels can be assembled at a factory and the transported to a building site for
immediate assembly into a self-supporting structure. Unlike conventional prefabricated
structures, there is no need first to assemble a frame. The panels themselves provide the
necessary structural integrity. Once the panels have been assembled, the building is

essentially complete. It only remains to finish the interior.

Some of the panels can be provided with roofing tiles. These roofing panels can be
laid directly onto the upper edges of the wall panels using suitable angle brackets,
preferably made of sheet metal.

In another aspect the invention provides a method of constructing a pre-fabricated
building comprising the steps of providing at an assembly site a plurality of integrated
building panels, each panel comprising a grid of structural studs made of fire-proof
material bonded together by an adhesive with a high degree of elasticity, a rigid frame
surrounding said grid and attached to the end of the studs, said frame being adapted to
mate with an adjacent similar panel, front and rear wall members attached to said frame to
define a substantially enclosed space therewithin, and a closed cell foam substantially
filling said space to provide additional adhesion and distribute external loads throughout
the panel; transporting said panels to a building site; and assembling said integrated
panels into a building at said building site by joining them together in a self-supporting
structure without a separate frame.

The invention will now be described in more detail, by way of example only, with

reference to the accompanying drawings, in which:-

Figure 1 is a perspective partly cut-way view of an integrated panel in accordance

with the invention;
Figure 2 is a front elevation of part of the panel shown in Figure 1;
Figure 3 is a perspective view of an end panel/floor/roof connector;

Figure 4 is a perspective view of a bracket for joining a wall section to an

overlying wall section.
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Figure 5 a perspective view of a bracket for joining a wall section to a roof

séction;
Figure 6 is an perspective view of a sill plate;

Figures 7 illustrates the procedure for joining two panels at right angles to make

corners;

Figure 8 illustrates the procedure for a butt joint between adjacent panels;
Figure 9 shows a roof join;

Figure 10 shows a detail of Figure 9;

Figure 11 is a perspective-view of a corner;

Figure 12 is a more detailed perspective view showing the wall-to-wall join
through a floor;

Figure 13 is a diagrammatic view of a wall-to-wall join showing the heating and

ventilating system,;
Figure 14 is a perspective view of a window opening; and

Figure 15 is a detail of a roof joint.

Referring to Figure 1, the integrated panel 1 comprises a rectangular outer frame 2
made of shallow C-shaped sheet metal channel members 3 having inturned lips 4 that
define the C shape. The channel members 3 are riveted or screwed together with self-

tapping screws 3a to form the outer frame 2.

Within the outer frame 2 and extending completely thereacross is a “tartan grid”
formed of channel-shaped horizontal studs 5 and vertical studs 6, made of pressed sheet
metal. The studs 5 and 6 lie in different planes and contact each other at cross-over points
7 where they are glued together with a modified bitumen glue. A suitable modified
bitumen is, for example, Penkote™ bitumen. The modified bitumen provides the
necessary strength and also provides insulation between the metal studs to prevent the
transfer of heat through conduction.
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A fiber-reinforced rear wall 8, for example of Louisiana board by Canadian

Gypsum, is applied to the rear of the panel and screwed onto the lips 4 of the outer frame
2 with self-tapping screws 8a. It is additionally glued with the modified bitumen. Vertical
trapezoidal-shaped studs 9 are then applied to the outside face of the rear wall 8 for added
strength. The studs 9 also serve as supports for retaining conventional drywall applied to
the inside of the wall in a completed building. The drywall (not shown) can be screwed

onto the studs 9 in a conventional manner.
A similar fiberboard wall 8b is applied to the front of the panel 1.

The entire panel 1 is injected with a closed-cell foam. This can suitably be a two-
part polyurethane low or high pressure rigid foam sold under the trade designation PUR
by ICI. This foam provides insulation and since it fills the voids within the panel also
provides added strength by bonding to all the components of the panel. Alternatively, a

fire-proof polyol-based substance can be used in place of the closed cell foam.

The outside of the panel 1 is encapsulated in the same modified bitumen used to

glue the studs together to provide an air and vapor seal 1a to the panel 1.

The modified bitumen is also used to glue facing bricks 10 onto the front wall of

the panel in the case of wall panels, or in the case of roof panels, roofing tiles.

The panel 1 has structural integrity. By placing adjacent panels into an abutting
relationship and joining them together in a manner to be deséribed, it is possible to
construct a wall in a very short time. A complete building can be constructed by first
joining the panels together to make the walls and them laying the roofing panels onto the
upper edges of the walls to form a pitch roof.

The panels are lightweight and thus can be made quite large. Typically, a panel
may measure 2.4 meters high 1.2 meters long, so only a few panels are needed to

construct the wall of an average house.

The panels are held together with the aid of angle brackets, of which examples are

shown in Figures 3 to 6. The angle brackets are screwed into the panels using self-tapping

screws, which penetrate the metal parts of the panels.
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The bracket shown in Figure 3, used for joining abutting panel sections, is made of

sheet metal and comprises a vertical plate 13 and a wide horizontal plate 14. The plates
have screw holes 30a to permit them to be screwed to the metal parts of adjacent panels 1

using self-tapping screws.

The bracket shown in Figure 4, used for joining overlying panel sections, is
similar to that shown in Figure 3 except that it comprises two in-line vertical plates 16

joined by a central horizontal plate 15.

The bracket shown in Figure 5, used for joining the roof section, comprises a

horizontal plate 17, an angle plate 18 with a central rectangular slot 18a and a vertical
plate 19.

The sill plate 100 shown in Figure 6 comprises a horizontal plate 20, a vertical

tongue 21 and an angle plate 22 with a rectangular cut-out 22a. A metal tie 22b holds the
plate 100 to the concrete foundations.

All the brackets are bent out of a strip of stiff sheet metal with can easily be drilled
to receive self-tapping screws that can be screwed into the frame 2 or other metal parts of

the panel 1.

In order to construct a building, panels are assembled together in a modular
fashion. The panels 1 of the lowermost course are first screwed onto base plates 100 of

the type shown in Figure 6, which are mounted directly onto a concrete floor.

As shown in Figure 7, in order to join two panels 1 together in a corner
configuration, a bracket of the type shown Figure 3 is employed. The right hand side 14e
of plate 14 is screwed by means of self-tapping screws 14a into the outer face 1c of panel
12. The plate 13 is screwed by means of self-tapping screws 13a into the end 1d of the
panel 12, This leaves the left half 14b of the plate 14 protruding beyond the end 1d of the
panel 17 and this protruding portion is brought into abutting relationship with the free end
1b of the panel 1'. This protruding half 14b is then screwed into the end face 1b by means
of self-tapping screws 14c. The inside edge 1c of the end face 1b is brought into abutting
relationship with the outside edge le of the end face 1d of the panel 1% to make a snug
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abutting fit. This arrangement can also be seen in Figure 11. The bracket is placed against

the inside walls of the panels.

Figure 8 shows how two panels 1' and 12 can be joined together in an end-to-end
abutting relationship. A bracket similar to that shown in Figure 3 is also used, but oriented

in a different manner as shown.

In Figure 8, the vertical portion 13 is screwed into the end face 1d of the panel 12
by means of self-tapping screws 13a. The half 14b is screwed into the outer face of the
panel 12 also by means of self-tapping screws. The end face 1b of the panel 1! is then
brought into abutting relationship with the end face 1d of the panel 12. The half 14e of the
plate 14 is then screwed into the outer face of the panel 1'. The angle brackets are

typically about 0.5 meters long and several spaced brackets can be used to join two

panels.

Figure 9 shows a roof panel 12 meeting a panel 1' forming the wall of the second
storey of a building. The roof panel 1 !is similar to a wall panel except that it is faced with
roof tiles 40. The join is made with a bracket 41 of the type shown in Figure 5. The
horizontal plate 17 is screwed onto the upper edge 1e and the tongue 19 is screwed onto
the outer face of the panel 1. The plate 18 is screwed onto the underside the panel 12 again
with self-tapping screws. An angular recess 43 is cut out of the panel 12 to allow it to sit
snugly on the upper edge le of the panel 1 !'and at the same time have an overhang 44 to

form the eaves of the building as shown in Figure 10.

The panels are arranged in a pitched roof configuration with a 45° angle. The
gable ends are complete with panels similar to that shown, but instead of being

rectangular in shape being 45° right angle sections.

Figure 11 shows in more detail the construction of a corner section of a building.
A bracket 30 of the type shown in Figure 3 joins the wall panels at their corners as shown.
The bracket 31 attaches to the floor panel 40, which can be of similar construction to the
wall panels 1', 12, but of course without the facing bricks, to retain the outside wall panel
1% on the floor panel 40.
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Figure 12 illustrates the use of a further kind of tie 50, similar to that shown in

Figure 4 but having wing portions 50a, 50b lying at right angles to the central section. 50c
and extending on either side of the plane thereof. Such a tie can be used to join upper and
lower wall panels 51, 52 and intervening floor panel 40 in the manner illustrated. In this
arrangement, the floor panel 40 can also be of similar construction to the panel described
with reference to Figure 1, although of course without the facing bricks. The studs can be
provided on both sides for the attachment of floor boards or ceiling panels, if desired.

Figure 13 illustrates how an air-flow cavity 60 can be easily constructed between
the studs 9 and also passed through the floor panels 40 between different storeys of the
building. This allows the ductwork to be pre-configured into the panels prior to
construction of the building.

The windows (not shown) can be pre-fabricated within selected window panels.

Figure 14 shows a ventilation window that can also be incorporated in the panels.
Window 70 is surrounded by a frame 71 through which indoor and outdoor air circulates
through separate channels. A heat ekchanger in lintel 73 aliows heat to be exchanged
between the inside and the outside air flows. To provide active heating or cooling, the
indoor air is passed over a thermoelectric heating element, which acts as a heat pump

drawing heat from the outside air.

As shown in Figure 15, air flows in channels 80 between the metal studs 9 and the
inner plasterboard panel (not shown) on all external surfaces, including the roof, wall and
ceiling panels.

The described arrangement allows buildings of various shapes and sizes to be
erected on site extremely quickly using the pre-fabricated components. A limited number

of panels and brackets offers extreme versatility and flexibility in design.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An integrated construction panel for use in the construction of modular buildings,
characterized in that it comprises:

a grid of structural studs made of fire-proof material bonded together by an
adhesive with a high degree of elasticity;

arigid frame surrounding said grid and attached to the end of the studs, said frame
being adapted to mate with an adjacent similar panel;

front and rear wall members attached to said frame to define a substantially

enclosed space therewithin; and

a closed cell foam substantially filling said space to provide additional adhesion
and distribute external loads throughout the panel.

2. An integrated construction panel as claimed in claim 1, characterized in that said

panel is encapsulated in a layer of modified bitumen to provide an air and vapor seal.

3. An integrated construction panel as claimed in claim 1 or 2 characterized in that

said studs are glued together at the their cross-over points with modified bitumen.

4. An integrated construction panel as claimed in any one of claims 1 to 3,

characterized in that said studs comprise C-shaped members.

5. An integrated construction panel as claimed in any one of claims 1 to 4,

comprising a decorative facing attached to the front wall member.

6. An integrated construction panel as claimed in claim 5, characterized in that said

decorative facing consists of facing bricks glued onto said front wall member.

7. An integrated construction panel as claimed in claim 5, characterized in that said
decorative facing comprises roof tiles, said panel thereby forming an integrated roof

panel.

8. An integrated construction panel as claimed in claim 6, charcterized in that it
further comprises rigid elongate structural members adhering to the outside of the rear

wall member.
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9. An integrated construction panel as claimed in claim 8, characterized in that said

rigid structural members comprise trapezoidal-shaped reinforcing members.

10.  Anintegrated construction panel as claimed in claim 8, which is generally
rectangular in shape.

11. A prefabricated building constructed from a plurality of abutting integrated panels
as claimed in claim 1.

12. A prefabricated building as claimed in claim 11, characterized in that said abutting

panels are joined together by brackets having plate sections adapted to lie flush against

respective adjacent panels for attachment thereto.

13. A prefabricated building as claimed in claim 12, characterized in that said plates

are screwed to the adjacent panels with self-tapping screws.

14. A prefabricated building as claimed in claim 13, characterized in that said self-

tapping screws are screwed into said studs.

15. A prefabricated building as claimed in claim 12, characterized in that said brackets
for joining adjacent wall sections have the plate sections thereof lying in orthogonal

planes.

16. A prefabricated building as claimed in any one of claims 11 to 14, characterized in

that air channels are formed between said rigid elongate structural members.

17. A method of constructing a pre-fabricated building comprising the steps of
providing at an assembly site a plurality of integrated building panels, each panel
comprising a grid of structural studs made of fire-proof material bonded together by an
adhesive with a high degree of elasticity, a rigid frame surrounding said grid and attached
to the end of the studs, said frame being adapted to mate with an adjacent similar panel,
front and rear wall members attached to said frame to define a substantially enclosed
space therewithin, and a closed cell foam substantially filling said space to provide
additional adhesion and distribute external loads throughout the panel; transporting said
panels to a building site; and assembling said integrated panels into a building at said

building site by joining them togéther in a self-supporting structure without a separate
frame.
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18. A method as claimed in claim 18, characterized in that wall panels are first

assembled to form the basic shell of the building and then roof panels of similar
construction are laid in a pitch roof configuration onto the upper edges of the roof panels

to complete the building.

19. A method as claimed in claim 19, characterized in that the gable ends are closed

with panels of triangular shape.

20. A method as claimed in claim 19, characterized in that said panels are joined
together by brackets with plates adapted to lie flush against adjacent panels for attachment

thereto.
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