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BUILDING ENVELOPE MEMBER WITH INTERNAL WATER RESERVOIR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to United States Provisional Patent Application No.
61/310,637 filed on March 4, 2010, the teachings of which are hereby incorporated by

reference.

FIELD OF INVENTION

[0002] The present invention relates to buildings, and more particularly to modular buildings.

BACKGROUND OF THE INVENTION

[0003] There are many applications in which it is necessary to provide buildings at a remote
site, such as in the aftermath of a natural disaster, for military purposes or to provide aid to
underdeveloped nations. Such buildings may be temporary, or may be substantially
permanent. In addition to the difficulties imposed by the logistics of transporting such
buildings to the site and assembling them, in many cases the site at which the building is to be
deployed lacks basic infrastructure such as water supply and sewage disposal, either because

the infrastructure was destroyed or did not exist in the first place.

SUMMARY OF THE INVENTION

[0004] The present invention provides an easily assembled building which includes
rudimentary plumbing and can be transported as a set of disassembled modular parts and then
assembled on site. The building includes a water reservoir in the roof and a sewage reservoir

in the base, so as to enable gravity-based water supply and sewage disposal.

[0005] In one aspect, the present invention is directed to a building, comprising a roof having
at least one internal water reservoir. The roof has at least one externally accessible reservoir
fill aperture communicating with the at least one internal water reservoir for filling the at least
one internal water reservoir, and has at least one reservoir supply aperture communicating

with the at least one internal water reservoir for drawing water from the at least one internal
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water reservoir. The roof is secured to a plurality of outer walls supporting the roof, and the

outer walls are secured to a base supporting the outer walls.

[0006] In one embodiment, the building further comprises at least one plumbing fixture, with
each plumbing fixture having a fixture inlet in fluid communication with one of the at least

one reservoir supply aperture to receive water from the internal water reservoir.

[0007] Preferably, the base has at least one internal sewage reservoir and has at least one
sewage inlet aperture communicating with the at least one internal sewage reservoir to receive
sewage into the at least one internal sewage reservoir and at least one sewage outlet aperture
communicating with the internal sewage reservoir for removing sewage from the at least one
internal sewage reservoir. In a particularly preferred embodiment, the building further
comprises at least one plumbing fixture, with each plumbing fixture having a fixture inlet in
fluid communication with one of the at least one reservoir supply aperture to receive water
from the internal water reservoir and also having a fixture outlet in fluid communication with
one of the least one sewage inlet aperture to deliver water from the plumbing fixture to the

internal sewage reservoir.

[0008] In another aspect, the present invention is directed to a building envelope section for a
modular building. The building envelope section comprises a plurality of hollow structural
members for forming a main body of the building envelope section. Each of the structural
members has two opposed faces, two opposed outer edges extending between the faces, and at
least one reinforcement extending between the faces and disposed between the outer edges.
Each structural member is connected to an adjacent structural member in edge-to-edge
relation therewith to form the main body of the building envelope section The outer edges
and the at least one reinforcement member permit fluid passage therepast, and each structural
member is in fluid communication with each adjacent structural member so that the structural
members cooperate to define an internal reservoir within the main body of the building
envelope section. The internal reservoir permits fluid flow between adjacent structural
members, and has at least one inlet aperture and at least one outlet aperture and is otherwise

sealed. In a preferred embodiment, each outer edge has connectors for connecting the

-0 -
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structural members together, and each structural member is connected to each adjacent
structural member by the connectors. The building envelope section may be, for example, a

roof section or a base section.

[0009] In another aspect, the present invention is directed to a kit for assembling buildings as

described above.

[0010] In a further aspect, the present invention is directed to a method for operating a
plumbing fixture inside a building. The method comprises drawing water from a water
reservoir disposed within a roof of the building along a fluid communication path into a
fixture inlet of the plumbing fixture. The method preferably further comprises draining water
from a fixture outlet of the plumbing fixture into a sewage reservoir disposed within a base of

the building.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features of the invention will become more apparent from the

following description in which reference is made to the appended drawings, in which:

FIGURE 1A is a first end view of a first exemplary building according to an aspect of the

present invention;
FIGURE 1B is a second end view of the building of Figure 1A;
FIGURE 1C is a side view of the building of Figure 1A;

FIGURE 1D is a plan view of an interior of the building of Figure 1A, showing plumbing

fixtures installed;
FIGURE 2 is a partially exploded view of the building of Figure 1A;
FIGURE 3A is a plan view showing two adjacent base sections for the building of Figure 1A;

FIGURE 3B is a cross-sectional view of a peripheral portion one of the base sections of
Figure 3A, taken along the line 3B-3B in Figure 3A;
-3-
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FIGURE 3C is a cross-sectional view of adjacent peripheral portions of the base sections of

Figure 3A, taken along the line 3C-3C in Figure 3A;

FIGURE 3D is a cross-sectional view of an intermediate portion of one of the base sections of

Figure 3A, taken along the line 3D-3D in Figure 3A;
FIGURE 3E is a side view of one of the base sections of Figure 3A;

FIGURE 4A is a side view showing two interlocked wall sections for side walls of the

building of Figure 1A;

FIGURE 4B is a cross-sectional view of a first upper peripheral portion of one of the wall

sections of Figure 4A, taken along the line 4B-4B in Figure 4A;

FIGURE 4C is a cross-sectional view of a second upper peripheral portion of one of the wall

sections of Figure 4A, taken along the line 4C-4C in Figure 4A;

FIGURE 4D is a cross-sectional view of an intermediate portion of one of the wall sections of

Figure 4A, taken along the line 4D-4D in Figure 4A;

FIGURE 5A is a front view of a wall section for a first end wall and a gable panel for the

building of Figure 1A;

FIGURE 5B is a front view of a wall section for a second end wall of the building of Figure
1A;

FIGURE 5C is a cross-sectional view of a first peripheral portion of the wall section of Figure

5A, taken along the line 5C-5C in Figures SA and 5B;

FIGURE 5D is a cross-sectional view of a second peripheral portion of the wall section of

Figure 5A, taken along the line SD-5D in Figure 5A and 5B;

FIGURE 5E is a detailed view of a peripheral portion of the gable panel of Figure SA and an

upper portion of the wall section of Figure 5A, secured together;

-4 -
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FIGURE 5F is a cross-sectional view of an intermediate portion of the wall section of Figure

SA, taken along the line 5F-5F in Figure 5B;

FIGURE 6A is a perspective view of a first portion of the roof of the building of Figure 1A;
FIGURE 6B is an end view of the first portion of the roof of Figure 6A;

FIGURE 6C is a side view of the first portion of the roof of Figure 6A;

FIGURE 6D is a top plan view of the first portion of the roof of Figure 6A;

FIGURES 7A and 7B show connection of the roof of Figure 6A to the wall sections of Figure
4A;

FIGURES 7C and 7F show connection of the roof of Figure 6A to the gable panel of Figure
5A;

FIGURES 7D and 7E show interconnection of roof sections to form the roof of Figure 6A;
FIGURE 8A shows a first interior wall for the building of Figure 1A;

FIGURE 8B is a top plan view of the first interior wall of Figure 8A and a second interior

wall and also showing an outer wall;

FIGURE 8C shows the second interior wall of Figure 8B;

FIGURE 8D is a cross-sectional view taken along the line 8D-8D in Figures 8A and 8C;
FIGURE 9A is an interior end view of the building of Figure 1A;

FIGURE 9B is a perspective view of a second portion of the roof of the building of Figure 1A;
FIGURE 9C is an end view of the roof of Figure 9B;

FIGURE 10 shows a kit for assembling the building of Figure 1A;
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FIGURE 11 shows an exemplary hollow structural member for use in constructing a building

envelope section; according to an aspect of the present invention;

FIGURES 12A and 12B are perspective and end views, respectively, showing assembly of a
main body of a building envelope section from a plurality hollow structural members as

shown in Figure 11;

FIGURE 13 is a perspective view showing a main body of a building envelope section

constructed from a plurality hollow structural members as shown in Figure 11;

FIGURE 14 is a perspective view showing construction of a base for a building from the main

body of Figure 13;

FIGURE 15 is a perspective view showing mounting of an outer end wall section onto the

base of Figure 14;
FIGURE 16 is an end view of the outer end wall section of Figure 15;

FIGURE 17 is a perspective view of the outer end wall section of Figure 15 mounted on the

base of Figure 14;

FIGURE 18 is an end view showing a lower portion of the outer end wall section of Figure 15

mounted on the base of Figure 14;

FIGURE 19 is a perspective view showing a partially assembled building in which outer end
wall sections and outer side wall sections are mounted on the base of Figure 14, and shows

installation of corner posts and roof cradle members;

FIGURE 20 is top plan view of the partially assembled building of Figure 19, and shows a

corner post connected to an outer end wall and an outer side wall;

FIGURE 21 is a perspective view showing the partially assembled building of Figure 19 with
corner posts and roof cradle members installed, and shows installation of roof sections and a

hat member;
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FIGURE 22 is a perspective view showing a substantially completed second exemplary
building according to an aspect of the present invention and showing installation of a roof post

to complete the building;
FIGURE 23 is an end view of the building of Figure 22;

FIGURE 24 is a detailed view of a portion of Figure 23 showing securement of the hat

member of Figure 21 to the roof sections of Figure 21;

FIGURE 25 is a side view of the building of Figure 22;

FIGURE 26 is a top plan view of the building of Figure 22;

FIGURE 27 is an interior end view of the building of Figure 22;
FIGURE 28 shows a kit for assembling the building of Figure 22; and

FIGURE 29 is a perspective view of a third exemplary building according to an aspect of the

present invention.
Not all reference numerals are marked in all Figures.

DETAILED DESCRIPTION

[0012] According to aspects of the present invention, buildings which include rudimentary
plumbing can be transported as a set of disassembled modular parts and then assembled on

site.

[0013] Referring now to Figures 1A to 1C, 2 and 9A to 9C, a first exemplary building
according to an aspect of the present invention is shown generally at 10. The building 10
comprises a roof 12 having internal water reservoirs 14 (Figure 9A). As best seen in Figures
9A and 9B, the roof 12 includes externally accessible reservoir fill apertures 16A, 16B
communicating with the internal water reservoirs 14 to enable the internal water reservoirs 14
to be filled and reservoir supply apertures 18 communicating with the internal water reservoirs

14 to enable water to be drawn from the internal water reservoir 14. In the illustrated

-7 -
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embodiments, the reservoir fill apertures comprise gratings 16A for capturing rainwater and a
fitting 16B which may be connected to a supply line, such as from a water supply vehicle or

water supply system if available. Alternatively, only a grating, or only a fitting, may be used.

[0014] Referring specifically to Figure 9A, the roof 12 is secured to a plurality of outer walls
formed by outer wall sections 20 that support the roof 12, and the outer wall sections 20 are
secured to a base 22 that supports the outer wall sections 20. The base 22 has an internal
sewage reservoir 24, and has at least one sewage inlet aperture 26 communicating with the
internal sewage reservoir 24 for receiving sewage into the internal sewage reservoir 24 and a
sewage outlet aperture 28 communicating with the internal sewage reservoir 24 for removing
sewage from the internal sewage reservoir 24. The building 10 also includes a plurality of
plumbing fixtures, in this case a shower 30, a toilet 32 and a faucet 34. As best seen in Figure
9A, each of the plumbing fixtures 30, 32, 34 has a respective fixture inlet 30A, 32A, 34A in
fluid communication with a corresponding reservoir supply aperture 18 and a respective
fixture outlet 30B, 32B, 34B in fluid communication with a corresponding sewage inlet
aperture 26. Fluid communication may be achieved, for example, by way of pipes or suitable
flexible tubing. As shown in Figure 9A, water handling apparatus 36, including filtration
systems, heaters, and the like, may be interposed between the reservoir supply apertures 18
and the respective fixture inlets 30A, 32A, 34A. As such, water stored in the internal water
reservoirs 14 in the roof 12 can be used to supply the plumbing fixtures 30, 32, 34, for
example by a gravity feed, and water that has passed through the plumbing fixtures 30, 32, 34
can be drained through the sewage inlet apertures 26 into the internal sewage reservoir 24,
which can be periodically emptied by way of the sewage outlet aperture 28 or connected to a

sewage processing system if available.

[0015] Referring now to Figures 2 and 4A to 4D, the outer wall sections 20 have creniform
side edges 40 defining a series of alternating wall connecting projections 42 and wall
connecting recesses 44. The wall connecting projections 42 and the wall connecting recesses
44 are of corresponding size, shape and position. Each outer wall section 20 is secured to two
adjacent outer wall sections 20 by interlocking engagement of the creniform side edges 40.

More particularly, the wall connecting projections 42 on the side edges 40 of each outer wall
-8 -
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section 20 are received in the wall connecting recesses 44 of the side edges 40 of each
adjacent outer wall section 20, for example by a friction fit or interference fit. In addition,
each wall connecting projection 42 has a wall connecting bore 46 defined therethrough, with
the wall connecting bores 46 through the wall connecting projections 42 on each side edge 40
being in registration with one another. Each outer wall section 20 is further secured to each
adjacent outer wall section 20 by a wall connecting rod 48 extending through the wall
connecting bores 46 (two such rods are shown in Figure 2), which may be friction fit in the

wall connecting bores 46.

[0016] With reference now to Figures 3A and 3B, 4A and 4B and 5A and 5B, the outer wall
sections 20 also have creniform lower edges 50 defining a series of alternating lower edge
projections 52 and lower edge recesses 54. The base 22 has spaced-apart wall mounting
recesses 56 in its upper surface 58 adjacent its side edges 60 corresponding in size and
position to the lower edge projections on the lower edges 50 of the outer wall sections 20.
Each outer wall section 20 is secured to the base 22 by the lower edge projections 52 on the
lower edges 50 of each outer wall section 20 being received in the wall mounting recesses 56
in the upper surface 58 of the base 22, for example by a friction fit or interference fit. In
addition, each lower edge projection 52 has a lower edge bore 62 defined therethrough, with
the lower edge bores 62 being in registration with one another, and the base 22 has a
corresponding series of wall mounting bores 64 defined adjacent each side edge 60 of the base
22 and adjacent the upper surface 58 of the base 22. Each wall mounting bore 64 in the base
passes through a portion of the base 22 adjacent one of the wall mounting recesses 56, in
registration with one another and with the wall mounting recesses 56, and each outer wall
section 20 can be further secured to the base 22 by a wall mounting rod 66 (Figure 1C)
extending through the wall mounting bores 64 and the lower edge bores 62, which may be

friction fit therein.

[0017] Now referring to Figures 3A and 3C, in the illustrated embodiment the base 22
comprises a plurality of base sections 70, each having at least one base connecting edge 72.
Each base connecting edge 72 has one of (a) an alternating series of base connecting

projections 74, or (b) an alternating series of base connecting recesses 76. The base
-9
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connecting projections 74 and the base connecting recesses 76 correspond in size, shape and
position. In this embodiment, the base 22 is formed by each base section 70 being secured to
at least one adjacent base section 70 by way of the base connecting projections 74 being
received in the base connecting recesses 76, for example by a friction fit or interference fit. In
the particular embodiment shown, the base 22 comprises two base sections 70. Now referring
specifically to Figure 3C, each base connecting projection 74 has a base connecting bore 78
defined therethrough. The base connecting bores 78 through the base connecting projections
72 are in registration with one another, and additional base connecting bores 78 are defined
through each portion of the base section 70 adjacent one of the base connecting recesses 76.
The additional base mounting bores 78 are in registration with one another and also in
registration with the base connecting recesses 76. Each base section 70 is further secured to at
least one adjacent base section 70 by a base connecting rod 80 extending through the base

connecting bores 78, which may be friction fit in the base connecting bores 78.

[0018] Reference is now made to Figures 6A to 6D and 7A to 7F. In the exemplary
embodiment, the roof 12 comprises a plurality of roof sections 90. While Figures 6A to 6D
show roof sections which do not include an internal reservoir, assembly and mounting of roof
sections 90 which include the internal reservoirs 14 will be identical. Each roof section 90 has
at least one roof connecting edge 92 which has an alternating series of roof connecting
projections 94 and roof connecting recesses 96 which correspond in size, shape and position.
The roof 12 is formed by each roof section 90 being secured to at least one adjacent roof
section 90 by way of the roof connecting projections 94 being received in the roof connecting
recesses 96, for example by a friction fit or interference fit. In addition, each roof connecting
projection 94 has a roof connecting bore 98 defined therethrough, and the roof connecting
bores 98 through the roof connecting projections 94 on each roof connecting edge 92 are in
registration with one another. Each roof section 90 is further secured to at least one adjacent
roof section 90 by a roof connecting rod 100 extending through the roof connecting bores 98,
which may be friction fit in the roof connecting bores 98. In the illustrated embodiment, the
roof 12 is an A-frame roof, and each roof section 90 has a single roof connecting edge 92 so

that the roof connecting edges 92 of adjacent roof sections 90 define an apex of the roof 12.

-10-
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[0019] As shown in Figures 4A to 4C, those outer wall sections 20 which define side walls of
the building 10 have creniform upper edges 110 defining a series of alternating upper edge
projections 112 and upper edge recesses 114. As shown in Figures 7A to 7C, the roof 12 has
a series of spaced-apart roof mounting recesses 116 defined in its lower surface 118 adjacent
each side edge 120 of the roof 12. The spaced-apart roof mounting recesses 116 correspond in
size, shape and position to the upper edge projections 112 on the upper edges 110 of those
outer wall sections 20 which define the side walls, and the roof is secured to the outer wall
sections 20 by way of the upper edge projections 112 being received in the roof mounting
recesses 120. Additionally, each upper edge projection 112 has an upper edge bore 122
defined therethrough. The upper edge bores 122 through the upper edge projections 112 are
in registration with one another. The roof 12 has a corresponding series of roof mounting
bores 126 defined adjacent each side edge 120 of the roof, with each roof mounting bore 126
passing through a portion of the roof 12 adjacent one of the roof mounting recesses 116. The
roof mounting bores 126 for each side edge 120 of the roof 12 are in registration with one
another and are in registration with the roof mounting recesses 116. The roof 112 is further
secured to the outer wall sections 20 by a roof mounting rod 128 extending through the roof
mounting bores 126 and the upper edge bores 122 in the upper edge projections 112, which

roof mounting rod 128 may be friction fit therein.

[0020] As best shown in Figures 5A, 5E, 7C and 7F, the building 10 includes a plurality of
gable panels 130 supported by the outer wall sections 20 that define the end walls of the
building 10, with the upper edges 132 of the gable panels 130 being received in corresponding
grooves 134 on the lower surface of the roof 12. As seen in Figure SE, each of the gable
panels 130 have downwardly extending gable mounting bores 136 defined adjacent lower side
edges 138 of the gable panels. The gable mounting bores 136 are in registration with
corresponding wall connecting bores 46, and the gable panels 130 are secured to the outer
wall sections 20 that define the end walls of the building 10 by the wall connecting rods 48

(Figure 2) extending through the gable mounting bores 136.

[0021] Referring now to Figures 2, 3A, 3D, 4D, 5F, and 8A to 8D, the building 10 may

further comprise interior wall panels 140 secured to the base 22 and to the inner face of the
-11-
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exterior walls 20 by interference fitting between the lower edges 142 and side edges 144 of
the interior walls and corresponding interior wall mounting grooves 146, 148 defined in the
upper surface 58 of the base and the inner face of one or more outer wall sections 20,
respectively. As shown, the interior walls 140 include a doorway aperture 150, and are used
to partition a room containing the plumbing fixtures 30, 32, 34. Grooves can also be provided
at the edges of interior wall panels 140 to permit interior wall panels 140 to be secured to one

another.

[0022] Apertures 160, 162 for one or more doors or windows may be defined in one or more
of the outside walls 20, as shown in Figures 1A, 2 and SA, and a door and glass or plastic

window (not shown) may be secured to such outer wall section 20 in a conventional manner.

[0023] In the illustrated embodiment, as shown in Figures 1C and 1D, the building 10 has a
length L of approximately twenty-four (24) feet, an width W of approximately twelve (12) feet
and a height H of approximately twelve (12) feet.

[0024] The various components, including the roof 12 (or roof sections 90), the base 22 (or
base sections 70), the outer wall sections 20 and the gable panels 130 are made of a material
which provides sufficient strength and rigidity combined with sufficiently light weight to
facilitate transport. Preferably, at least the roof 12 (or roof sections 90), the base 22 (or base
sections 70) and the outer wall sections 20 are hollow and are made from a suitable plastic
material. More preferably, the roof 12 (or roof sections 90), the base 22 (or base sections 70)
and the outer wall sections 20 each define a watertight interior volume, other than desired
fluid entry and exit points (e.g. the projections may be solid rather than hollow so that the
bores therethrough do not penetrate into the interior volume, and the recesses do not penetrate
the outer surface of the relevant component). This allows the interior volume of the roof 12
(or one or more roof sections 90) to serve as an internal water reservoir 14, and allows the
interior volume of the base 22 (or one or more base sections 70) to serve as an internal sewage
reservoir 24. Alternatively, tanks may be housed inside the roof 12 (or one or more roof
sections 90) and the base 22 (or one or more base sections 70). Additionally, some or all of

the outer wall sections 20, and any base sections 70 not having an internal sewage reservoir
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24, may be filled with water or another material once the building 10 is assembled to provide

additional weight and stability.

[0025] The outer wall sections 20, base sections 70 and roof sections 90 may be formed by
molding, or by separately molding opposed faces of the respective outer wall sections 20, base
sections 70 and roof sections 90 separately and then securing them together with suitable
reinforcement extending between the opposed faces. These approaches, however, require
costly specific molds. Outer wall sections, base sections and roof sections according to
aspects of the present invention can also be formed by extruding hollow structural members

and joining them together, as described below.

[0026] An exemplary hollow structural member for use in constructing a building envelope
section, such as an outer wall section, a base section or a roof section is shown in Figure 11
and is indicated generally by the reference numeral 1100. Such structural members may be
formed by extrusion, and will typically have a width W of approximately three (3) feet, a
thickness T of approximately seven (7) inches and can be extruded in any desired practical

length L. Structural members may also be extruded in other widths and thicknesses.

[0027] The exemplary structural member 1100 has two opposed faces 1102, and two opposed
outer edges 1104 extending between the faces 1102. In the illustrated embodiment the faces
1102 are planar. A plurality of reinforcements 1106 are disposed between the outer edges
1104 and extend along the length L of the structural member 1100 and extend between the
faces 1102. In alternate embodiments having a shorter width W, only a single reinforcement
may be required. Both the outer edges 1104 and the reinforcements 1106 permit fluid to flow
past them along the width W of the structural member 1100. In the illustrated embodiment,
fluid flow is enabled by a longitudinally extending series of apertures 1108, 1110 defined in
the outer edges 1104 and the reinforcements 1106, respectively. The apertures 1108, 1110
may be formed following the extrusion process. In other embodiments, the outer edges and
the reinforcements may comprise a series of individual members which are longitudinally
spaced apart from one another so that fluid can flow between the individual members. The

ends 1112 transverse to the faces 1102 and outer edges 1104 are open.

-13-
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[0028] In the exemplary structural member 1100 shown in Figure 11, the outer edges 1104
have respective male and female connectors 1114M, 1114F for connecting a plurality of
structural members 1100 together, with one outer edge 1104 having a male connector 1114M
and the other having a female connector 1114F. By connecting a plurality of structural
members 1100, as described below, building envelope sections, such as roof sections, base

sections and outer wall sections may be constructed.

[0029] Reference is now made to Figures 12A and 12B, which show assembly of a plurality
of structural members 1100 to form a main body 1120 of a building envelope section. In the
illustrated embodiment, for each structural member 1100, one outer edge 1104 has a set of
opposed male connectors 1114M extending along the length L of the structural member 1100,
and the opposite outer edge 1104 has a set of correspondingly positioned female connectors
1114F also extending along the length L of the structural member 1100. The male connectors
1114M of one structural member 1100 can be securely friction fit or interference fit into the
female connectors 1114F of an adjacent structural member 1100, as shown in Figure 12B, by
inserting the male connectors 1114M into the female connectors 1114F of an adjacent
structural member 1100 and sliding one structural member 1100 along the other, as shown in
Figure 12A. Thus, a plurality of structural members 1100 can be assembled together, with
each structural member 1100 connected in edge-to-edge relation to each adjacent structural
member 1100 by the connectors 1114M, 1114F, to form the main body 1120 of a building
envelope section. In such an arrangement, as shown in Figure 12A, each structural member
1100 is in fluid communication with each adjacent structural member 1100 so that the
structural members cooperate to define an internal reservoir 1124 within the main body 1120
of the building envelope section. The internal reservoir 1124 permits fluid flow between
adjacent structural members 1100 by way of the apertures 1108, 1110 in the outer edges 1104
and the reinforcements 1106, respectively. The internal reservoir 1124 is completed by
providing at least one inlet aperture (see Figure 27) and at least one outlet aperture (see Figure
27) in communication with the internal reservoir 1124, for example by drilling, and otherwise
sealing the main body 1120 of the building envelope section and thereby sealing the reservoir.

For example, closures (see Figure 14) may be sealed to the open ends 1112 transverse to the

-14-



WO 2011/106884 PCT/CA2011/000237

faces 1102 and outer edges 1104, and to the exposed outer edges 1104 of the outermost
structural members 1100, for example by welding or a sealing adhesive. Similarly, if the
friction fit or interference fit of the male connectors 1114M into the female connectors 1114F
does not create a seal, the seams between adjacent structural members 1100 may be sealed

with a suitable sealant.

[0030] Figure 13 shows a main body 1120 of a building envelope section, in particular a base
section 1370, formed by connecting a plurality of structural members 1100 in the manner
described above. As shown in Figure 14, the internal sewage reservoir 1324 (see Figure 27)
of the base section 1370 is completed by sealing closures 1410 to the open ends 1112 of the
structural members 1100 and to the exposed outer edges 1104 of the outermost structural
members 1100, and forming sewage inlet apertures 1326 in the surface 1422S defined by the
faces 1102 of the structural members 1100, for example by drilling and installing a suitable
fitting. A sewage outlet aperture 1328 is formed in one of the closures 1410. Male
connectors are secured to the surface 1422S defined by the faces 1102 of the structural
members 1100. In the illustrated embodiment, the male connectors are carried by connector
strips 1414 which are secured in a rectangular pattern on the surface 14228 to receive outer
wall sections, as described below. The connector strips 1414 may be secured, for example, by

way of a suitable adhesive or by welding.

[0031] Outer wall sections, such as outer end wall sections 1320E (Figure 16) and outer side
wall sections 1320S (Figure 19) can be formed from a plurality of structural members, such as
structural members 1100, in the manner described above in respect of Figures 11, 12A and
12B. As such, the outer wall sections 1320E, 1320S will include male connectors 1114M on
one side edge and female connectors 1114F on the opposite side edge. Where the outer wall
sections 1320E, 13208 do not include any internal reservoir, the apertures 1108, 1110 in the
outer edges 1104 and the reinforcements 1106 of the structural members 1100 may be
omitted. One end of each of the outer end wall sections 1320E may be cut diagonally, relative
to the edges 1104, to define a chevron-shaped gable portion 1320G. The outer side walls
1320S do not include any gable portion, as can be seen in Figure 19. As shown in Figure 16,

connector strips 1614 carrying female connectors 1614F are secured to the base ends 1320EB
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of the outer end wall sections 1320E and the base ends 1320SB (not shown in Figure 16) of
the outer side wall sections 1320S (Figure 19). This enables the outer wall sections 1320E,
13208 to be secured to the base section 1370 by engaging the male connectors 1414M of the
connector strips 1414 on the base section 1370 with the female connectors 1614F on the base
ends 1320EB, 1320SB of the outer wall sections 1320E, 13208 and sliding the respective wall
section 1320E, 1320S along the base section 1370, as shown for one outer end wall section
1320E in Figures 15, 17 and 18, until each outer wall section 1320E, 1320S is in the desired
position, as shown in Figure 19. In the illustrated embodiment, the outer wall sections 1320E,

13208 are arranged in a non-overlapping rectangle with square recesses 1940 at each corner.

[0032] Once the outer wall sections 1320E, 1320S have been secured in position on the base
section 1370, the outer wall sections 1320E, 13208 are further secured in mutually supporting
relation by way of corner posts 1348, as shown in Figure 19. More particularly, each corner
post 1348 includes one set of opposed male connectors 2014M and one set of opposed female
connectors 2014F, positioned on adjacent sides of each corner post 1348, with each set of
connectors 2014M, 2014F extending along the length of the corner post 1348. The male
connectors 2014M and female connectors 2014F of each corner post 1348 are engaged with
corresponding female connectors 1114F and male connectors 1114M on a pair of adjacent
outer wall sections 1320E, 1320S and the corner post 1348 is then slid downwardly into the
respective square recess 1940. A roof cradle member 1960 is then secured on the upper end

1320SU of each outer side wall 1320S and on the corner posts 1348.

[0033] Roof sections 1390 having an internal water reservoir can be constructed from a
plurality of structural members 1100 in manner analogous to that described above in respect
the base section 1370 and shown in Figures 11 to 13. Figures 21 and 22 shows a roof 1320
formed from two roof sections 1390 constructed in such a manner. Each roof section 1390
includes an internal water reservoir 1314 (see Figure 27) and also includes externally
accessible reservoir fill apertures 1316A, 1316B communicating with the internal water
reservoir, namely gratings 1316A for capturing rainwater and a fitting 1316B which may be
connected to a supply line, such as from a water supply vehicle or water supply system if

available. The gratings 1316A may be installed by cutting away a portion of the upper surface
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of the roof section 1390. Alternatively, only a grating, or only a fitting, may be used. Each
roof section 1390 also includes a reservoir supply aperture 1318 (Figure 27) communicating
with the internal water reservoir 1314 to enable water to be drawn from the internal water

reservoir 1314.

[0034] The roof 1312 is formed by positioning each roof section 1390 so that its lower end
1390L is supported by the roof cradle member 1960 and its underside 1390U is supported by
the gable portions 1320G of the outer end walls 1320E, with the upper ends of the two roof
sections 1390 engaging or adjacent one another. A hat member 1392 extends along the length
of the roof 1312 at the apex thereof to seal the junction between the upper ends of the two roof
sections 1390. As shown in Figure 24, the hat member 1392 is generally chevron-shaped in
cross-section and includes male connectors 2414M at its outer ends and extending along its
length, which are received in corresponding female connectors 2414F extending along the
length of the roof sections 1390. The female connectors 2414F extending along the length of
the roof sections 1390 may be secured, for example, by welding or suitable adhesive.
Typically, the roof sections 1390 will be positioned first, and then the male connectors 2414M
on the hat member 1392 are engaged with the corresponding female connectors 2414F on the
roof sections 1390 and then the hat member 1392 is slid into position along the length of the
roof 1312 and optionally sealed. The roof sections 1390 are then further secured by roof posts
2202 which pass through holes 2204 in the lower corners of the roof sections 1390 to secure
the roof sections 1390 directly to the outer end walls 1320E. The roof posts 2202 and holes
2204 are sealed so that the roof posts 2202 and holes 2204 do not cause the water reservoirs

1314 in the roof sections 1390 to leak.

[0035] Figures 22, 23 and 25 to 27 show a completed second building 1310 according to an
aspect of the present invention in which the building envelope sections, namely the base
section 1370, the roof section 1390 and the outer side wall sections 1320S and outer end wall
sections 1320E had their respective main bodies formed from a plurality of structural
members 1100 as described above. In an exemplary embodiment, the second building 1310
may have a length of approximately twenty-four (24) feet, a height of approximately twelve

(12) feet and a width of approximately twelve (12) feet. Apertures 1360, 1366 for one or
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more doors and or windows may be cut into one or more of the outer side wall sections 1320S
and outer end wall sections 1320E. In the illustrated embodiment, the base 1322 of the
building is formed by a single base section 1370, in other embodiments the base of the
building may be formed by more than one base section, analogously to the first exemplary
building 10 described above, but using connectors such as the connectors 1114M, 1114F.
Similarly, while each of the four outer walls in the building 1320 shown in Figures 22, 23 and
25 to 27 are formed by a single wall section 13208, 1320E, in other embodiments walls may
be formed by joining two or more wall sections together. Additionally, aspects of the present
invention are not limited to buildings of rectangular plan, and may be adapted to form

buildings having more complex shapes, for example an L-shaped building.

[0036] As seen in Figure 27, in addition to the internal water reservoirs 1314 in the roof 1312,
the base 1322 has an internal sewage reservoir 1324, and has a plurality of sewage inlet
apertures 1326 communicating with the internal sewage reservoir 1324 and a sewage outlet
aperture 1328 communicating with the internal sewage reservoir 1324. Plumbing fixtures,
namely a shower 1330, a toilet 1332 and a faucet 1334 are disposed inside the building 1310.
Each plumbing fixture 1330, 1332, 1334 has a respective fixture inlet 1330A, 13324, 1334A
in fluid communication with a corresponding reservoir supply aperture 1318 and a respective
fixture outlet 1330B, 1332B, 1334B in fluid communication with a corresponding sewage
inlet aperture 1326. Fluid communication may be achieved, for example, by way of pipes or
suitable flexible tubing. As with the first building 10, water handling apparatus 1336,
including filtration systems, heaters, and the like, may be interposed between the reservoir
supply apertures 1318 and the respective fixture inlets 1330A, 1332A, 1334A. As such, water
stored in the internal water reservoirs 1314 in the roof 1312 can be used to supply the
plumbing fixtures 1330, 1332, 1334, for example by a gravity feed, and water that has passed
through the plumbing fixtures 1330, 1332, 1334 can be drained through the sewage inlet
apertures 1326 into the internal sewage reservoir 1324, which can be periodically emptied by
way of the sewage outlet aperture 1328 or connected to a sewage processing system if

available.
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[0037] Thus, as can be seen in Figure 27, and also in Figure 9A, aspects of the present
invention enable a method for operating a plumbing fixture inside a building. According to
the method, water is drawn from a water reservoir disposed within a roof of the building along
a fluid communication path into a fixture inlet of the plumbing fixture. The method may
further comprise draining water from a fixture outlet of the plumbing fixture into a sewage

reservoir within a base of the building.

[0038] Modular buildings according to an aspect of the present invention, such as the first
exemplary modular building 10 and the second modular building 1310 may be transported to a
desired site in disassembled form to conserve cargo space, and then assembled on site. Once
assembled, rudimentary plumbing can be provided without the need for a central water supply
or sewage disposal system. Buildings of various sizes and shapes can be assembled from

components according to an aspect of the present invention.

[0039] Figure 10 shows an exemplary kit 1000 for constructing the first exemplary modular
building 10. The kit 1000 comprises six outer wall sections 20, including four outer wall
sections 20 for forming side walls and two outer wall sections 20 for forming end walls, four
roof sections 90, including two roof sections 90 containing internal water reservoirs, two base
sections 70, including one having an internal sewage reservoir, and three gable panels 130.
The kit 1000 further comprises a plurality of rods 1008 for connecting the outer wall sections
20, base sections 70 and roof sections 90, and further includes a showerhead 30, a toilet 32
and a sink with faucet 34, as well as fluid connection tubing 35. Instructions 1010 for

assembly of the first exemplary building 10 are also included in the kit 1000.

[0040] Figure 28 shows a kit 2800 for constructing the second exemplary building 1310. The
kit 2800 comprises two outer end wall sections 1320E, two outer side wall sections 1320S, a
base section 1370 having an internal sewage reservoir, two roof sections 1390 having internal
water reservoirs, two roof cradle members 1960, a hat member 1392, four corner posts 1348
and four roof posts 2202. The kit 2800 further includes a showerhead 1330, a toilet 1332 and
a sink with faucet 1334, as well as fluid connection tubing 1335, along with instructions 1310

for assembly of the second exemplary building 1310.
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[0041] While modular buildings having a general A-frame structure have been illustrated, the
present invention is not limited to buildings having that structure. Figure 29 shows a third
building 1310A assembled analogously to the second building 1310 but having a sloping roof
1312A formed from a single roof section 1390A instead of an A-frame structure.
Corresponding reference numerals are used to refer to elements of the third building 1310A

that correspond to elements of the second building 1310, but with the suffix “A”.

[0042] The connectors 1114F, 1114M, 1414M, 1614F, 2014M, 2014F, 2414M, 2414F are
exemplary only, and it will be appreciated that the relative positioning of the male and female
connectors may be reversed, and that other suitable connectors of various types and shapes
may be used without departing from the scope of the present invention. For example,

identical cooperating connectors, rather than male and female connectors, may be used.

[0043] Dimensions described herein are exemplary only. Several currently preferred
embodiments have been described by way of example. It will be apparent to persons skilled
in the art that a number of variations and modifications can be made without departing from

the scope of the invention as defined in the claims.
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WHAT IS CLAIMED IS:

1. A building, comprising:
a roof having at least one internal water reservoir for storing water;

the roof having at least one externally accessible reservoir fill aperture communicating with

the at least one internal water reservoir for filling the at least one internal water reservoir;

the roof having at least one reservoir supply aperture communicating with the at least one

internal water reservoir for drawing water from the at least one internal water reservoir;
the roof being secured to a plurality of outer walls supporting the roof; and

the outer walls secured to a base supporting the outer walls.

2. The building of claim 1, further comprising:
at least one plumbing fixture;

each plumbing fixture having a fixture inlet in fluid communication with one of the at least

one reservoir supply aperture to receive water from the at least one internal water reservoir.

3. The building of claim 1, wherein:
the base has at least one internal sewage reservoir for storing sewage;

the base has at least one sewage inlet aperture communicating with the internal sewage

reservoir to receive sewage into the at least one internal sewage reservoir; and

the base has at least one sewage outlet aperture communicating with the internal sewage

reservoir for removing sewage from the at least one internal sewage reservoir.
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4. The building of claim 3, further comprising:
at least one plumbing fixture;

each plumbing fixture having a fixture inlet in fluid communication with one of the at least

one reservoir supply aperture to receive water from the internal water reservoir; and

each plumbing fixture having a fixture outlet in fluid communication with one of the least one
sewage inlet aperture to deliver water from the plumbing fixture to the internal sewage

reservoir.

5. A building envelope section for a modular building, comprising:

a plurality of hollow structural members for forming a main body of the building envelope

section;

each of the structural members having:
two opposed faces;
two opposed outer edges extending between the faces;
the outer edges permitting fluid passage therepast;

at least one reinforcement extending between the faces and disposed between the outer

edges; and
the at least one reinforcement member permitting fluid passage therepast;

each structural member being connected to an adjacent structural member in edge-to-edge

relation therewith to form the main body of the building envelope section;

each structural member being in fluid communication with each adjacent structural member

so that the structural members cooperate to define an internal reservoir within the main body
-22-
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of the building envelope section;
the internal reservoir permitting fluid flow between adjacent structural members;

the internal reservoir having at least one inlet aperture and at least one outlet aperture and

being otherwise sealed.

6. The building envelope section of claim 5, wherein:
each outer edge has connectors for connecting the structural members together; and

each structural member is connected to each adjacent structural member by the

connectors.
7. The building envelope section of claim 5, wherein the building envelope section is a
roof section.
8. The building envelope section of claim 5, wherein the building envelope section is a

base section.

9. A kit for assembling a building, the kit comprising:

at least one roof section having at least one internal water reservoir for storing water and

having:

at least one externally accessible reservoir fill aperture communicating with the at least

one internal water reservoir for filling the at least one internal water reservoir; and
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at least one reservoir supply aperture communicating with the at least one internal

water reservoir for drawing water from the at least one internal water reservoir;
a plurality of outer wall sections for forming an outer wall structure of the building; and
at least one base section for forming a base of the building;

the roof being securable to the outer wall sections so that the outer wall sections support the

roof; and

the outer wall sections being securable to the base so that the base supports the outer walls.

10.  The kit of claim 10, further comprising:
at least one plumbing fixture;

each plumbing fixture having a fixture inlet connectible in fluid communication with one of

the at least one reservoir supply aperture to receive water from the internal water reservoir.

11. The kit of claim 9, wherein the base has at least one internal sewage reservoir and has:

at least one sewage inlet aperture communicating with the internal sewage reservoir to

receive sewage into the at least one internal sewage reservoir; and

at least one sewage outlet aperture communicating with the internal sewage reservoir

for removing sewage from the at least one internal sewage reservoir.

12.  The kit of claim 11, further comprising:

at least one plumbing fixture;
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each plumbing fixture having a fixture inlet connectible in fluid communication with one of
the at least one reservoir supply aperture to receive water from the internal water reservoir;

and

each plumbing fixture having a fixture outlet connectible in fluid communication with one of
the least one sewage inlet aperture to deliver water from the plumbing fixture to the internal

sewage reservoir.

13. A method for operating a plumbing fixture inside a building, comprising:

drawing water from a water reservoir disposed within a roof of the building along a fluid

communication path into a fixture inlet of the plumbing fixture.

14. The method of claim 13, further comprising:

draining water from a fixture outlet of the plumbing fixture into a sewage reservoir disposed

within a base of the building.
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