Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 2878720 C 2020/10/06

neEn 2 878 720

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépot PCT/PCT Filing Date: 2013/07/11

(87) Date publication PCT/PCT Publication Date: 2014/01/16
(45) Date de délivrance/lssue Date: 2020/10/06

(85) Entrée phase nationale/National Entry: 2015/01/09

(86) N° demande PCT/PCT Application No.: AU 2013/000768
(87) N° publication PCT/PCT Publication No.: 2014/008548

(30) Priorités/Priorities: 2012/07/11 (AU2012902966),
2013/01/04 (AU2013900029);
2013/01/04 (AU2013900027);
2013/03/19 (AU2013900962);
2013/03/24 (AU2013100359);
2013/03/24 (AU2013201852)

=

(51) ClLInt./Int.Cl. EO4B 1/343 (2006.01),
E04B 1/348 (2006.01), EO4H 1/02 (2006.01)

(72) Inventeur/Inventor:
UNGER, SUSAN, AU

(73) Propriétaire/Owner:
1 SPACE PTY LTD, AU

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : CONSTRUCTION MODULAIRE
(54) Title: MODULAR BUILDING

(57) Abrégé/Abstract:

A modular building unit for construction of a building comprises a structural frame 40 suitable for interconnection to another
modular building unit in construction of the building; and a stud frame wall 80/82 internal to and fixed to the frame. The modular
building unit is suitable for handling as a shipping container for transport.

50 rue Victoria

¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

Canada

K1A 0C9 e www.cipo.ic.gc.ca



wo 2014/008548 A 1[I PF VOO0 O

(43) International Publication Date

CA 02878720 2015-01-09

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/008548 A1l

16 January 2014 (16.01.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
E04B 1/343 (2006.01) E04B 1/348 (2006.01) kind of national protection available): AE, AG, AL, AM,
E04H 1/02 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Int tional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/AU2013/000768 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
11 July 2013 (11.07.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- ) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
2012902966 11 July 2012 (11.07.2012) AU kind of regional protection available): ARIPO (BW, GH,
2013900029 4 January 2013 (04.01.2013) AU GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
2013900027 4 January 2013 (04.01.2013) AU UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU, TJ,
2013900962 19 March 2013 (19.03.2013) AU TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
2013201852 24 March 2013 (24.03.2013) AU EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
2013100359 24 March 2013 (24.03.2013) AU MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(71) Applicant: 1 SPACE PTY LTD [AU/AUT; Level 3, 35 KM, ML, MR, NE, SN, TD, TG).
Outram St, West Perth, Western Australia 6005 (AU).
Published:
2) I tor: ER ; 103 Ave, Mt Lawl
72 \;I,Z::; ronr ALlljsl‘jrgia 62)5S(l)l S(XII,J) Second Ave, WY with international search report (Art. 21(3))
(74) Agent: ROHAN WALLACE PATENT AND TRADE- —  before the expiration of the time limit for amending the

MARK SERVICES; PO Box 1006, Bentley DC, Western
Australia 6983 (AU).

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: MODULAR BUILDING

FIG. 3

(57) Abstract: A modular building unit for construction of a building comprises a structural frame 40 suitable for interconnection to
another modular building unit in construction of the building; and a stud frame wall 80/82 internal to and fixed to the frame. The
modular building unit is suitable for handling as a shipping container for transport.



WO 2014/008548

10

15

20

25

30

35

CA 02878720 2015-01-09

o1

Modular Building

The present invention relates to buildings formed of modular units.

Background

Buildings formed of recycled intermodal shipping containers, sometimes called sea
containers, are known. However they have not seen mainstream adoption due to
inherent limitations with the use of these containers. It is believed that such buildings
are currently based on the premise of taking one or more shipping containers
(generally used) and modifying them, such as by removal of side walls and/or end

wall or end doors according to the design of the building.

A typical shipping container has standard dimensions: 8 feet wide (2.44m), 20 feet
(6.06m) or 40 feet (12.19m) long, and 8 feet 6 inches (2.59m) high. An alternative
type, a High-cube (HQ) container is 9 feet 6 inches (2.9m) high. Containers of 10
feet 3 inches (3.12m) are also known. These containers are designed for carriage on
a ship stacked one on top of another and include a steel casting on each of the eight
corners, pairs of which are welded to either end of each of the four corner posts of a
rectangular parallelepiped steel frame. Attached to the frame are side walls, and a
roof generally formed of a flat or corrugated sheet of weather resistant steel or

aluminium and have hinged double doors on at least one end.

For use in a building, shipping containers require extensive modification, such as
cutting through or removal of the side walls, to be suited for use in a building so as to
allow windows, side entry or a different form of doorway. Further they are limited to a
width of 2.44m and a length of 6.06m or 12.19m, which in tum limits room sizes to fit

within these dimensions.

It is with this background that the present invention has been developed.

Reference to prior art documents is not an admission that they form part of the

common general knowledge of a skilled person in any jurisdiction.

PCT/AU2013/000768
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Summary of the invention

According to the present invention there is provided a modular building unit for
construction of a building, said modular building unit comprising:

a structural frame suitable for interconnection to another modular building unit in
construction of the building;

wherein the modular building unit is suitable for handling as a shipping container for
transport.

In an embodiment the building unit turther comprises a stud frame panel internal to
and fixed to the frame, wherein the frame and panel in combination are load bearing
and the stud frame panel is inwardly spaced from a parallel adjacent external face of

the frame.

In an embodiment the structural frame is a parallelepiped shape or in the form of a
rectangular prism.

In an embodiment the structural frame is in the form of a rectangular table shape,
comprising a rectangle and four legs, each leg extending from one of the corners of
the rectangle. Typically the rectangle will be at the base of the building unit and the
legs will extend vertically. In such a case it will be typical to have another rectangle a
structural frame of another building unit joined at the corners to ends of the legs such
that the other rectangle and the structural frame form a rectangular prism.

In an embodiment the panel contributes to the structural capacity of the modular
building unit to withstand forces applied to the modular building unit.

In an embodiment the panel coincides with a face of the frame. In an embodiment
the panel is set back from a face of the frame.

In an embodiment the panel is or forms part of a wall partly defining a room at least in

part within the modular building unit.

In an embodiment the building unit comprises a plurality of structural stud frame wall
panels internal to and fixed to the frame, the walls defining a room within the modular
building unit, the plurality of panels contributing to the structural capacity of the

AMENDED SHEETS

TN AJATT



CA 02878720 2015-01-12

FUL/AULULI/VVY /00

Received 10/04/2014

10

20

25

30

35

3.

modular building unit to withstand forces applies to the modular building unit. In an
embodiment the forces include static forces, such as from other building units
stacked on top of the building unit, and from dynamic forces, such as those

experienced in cyclonic weather conditions.

In an embodiment the modular building unit comprises a non-structural wall panel for
forming a partition to a room in the modular building unit.

In an embodiment the building unit comprises a veranda deck internal to the frame,
but able to be opened to the exterior of the frame. In an embodiment the veranda
deck is open to the exterior of the building through one of the faces of the building
unit.

In an embodiment the veranda deck comprises shutters for closing the veranda deck
during inclement weather conditions. In an embodiment the veranda deck comprises
a rail or balustrade along one of the faces of the building unit.

In an embodiment the veranda deck is open to a veranda deck of an adjacent
building unit in use.

In an embodiment a wall partitioning the veranda deck from a room in the building is
insulated. In an embodiment an enclosure of the veranda deck is uninsulated.

In an embodiment the veranda deck comprises a cyclone resistant shutter able to
close the veranda deck from the exterior of the frame, wherein the veranda deck is
able to be connected to an adjacent veranda deck of an adjacent other building unit

s0 as to allow passage between the adjacent veranda decks.

In an embodiment the building unit further comprises a portion of a building-internal
vertically extending service access-way portion that is internal to the frame, exposed
to the exterior of the building unit and configured to cooperate with another a
building-internal vertically extending service access-way portion that is internal to a
frame of an adjacent other modular building unit so as to form a building-internal
service access-way comprised of at least the two building-internal service access-
way portions. In an embodiment the building-internal service access-way is covered
by a removable panel for transport. In an embodiment the building-internal service
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access-way is open to the exterior of the frame when the removable panel is
removed.

In an embadiment the building-internal service access-way is accessible from
underneath the building module, wherein the building-internal service access-way
extends across and is open on either side of the modular building unit.

In an embodiment the building unit further comprises a first portion of a building-
internal service access-way able to be externally open on the modular building unit
and arranged so that when another building module with a complementary second
portion of a building-internal service access-way is placed adjacent the first portion
they define a combined portion of a building-internal service access-way.

In an embodiment the building-internal service access-way is in the form of a recess
in a face of the building unit.

In an embodiment the building unit further comprises a weather resistant external
panel affixed to each side and end face of the frame and is in-line with the
corresponding side or end face of the frame, wherein the external panel covers the
stud frame panel when in place. In an embodiment the external panels are
removable.

In an embodiment the building unit further comprises a removable panel affixed to a
side and/or end face for fransport, wherein the panel is formed of FRP.

In an embodiment an air gap is provided between the external panel and a wall
internal to the frame. In an embodiment the wall internal to the frame is the stud

frame panel.

In an embodiment in the building unit comprises a stud frame panel wall and ceiling
system internal to and fixed to the frame, wherein the stud frame panel wall and
ceiling system provides a load bearing system independent from the frame.

In an emebodiment the structural frame comprises vertical corner posts and a
structural wall inside the frame comprises a vertical corner post adjacent to and fixed
to one of the vertical carner posts of the frame.
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In an embodiment the external pane! provides load bearing support to the frame.

{n an embodiment the building unit further comprises a plurality of beams extending
transversely across the bottom of the frame and inwardly spaced from the ends of
the frame, each of the plurality of beams providing at least one fastener mounting
means inwardly spaced from the sides of the frame for attachment to ground
supports or another building unit.

In an embodiment one or more of the frame or transverse beams are formed of Fibre
Reinforced Polymer (FRP).

In an embodiment the building unit further comprises one or more removable vertical
supports on side faces of the frame and located underneath a removable weather
resistant external panel.

In an embodiment the unit further comprises one or more removable vertical supports
on side faces of the frame, wherein the vertical supports are formed of a FRP beam.

In an embodiment the internal walls are formed of a stud frame with an insulating

material inside the stud frame.

{n an embodiment the building unit further comprises a structural panel affixed to, but
inwardly spaced from, a top face of the frame.

In an embodiment the unit further comprises a panel affixed to a top face of the

frame, wherein top panel is formed of FRP.
In an embodiment the building unit further comprises an opening in a side or end
face when the removable panel is removed from the respective side or face for

allowing movement to another building unit in the building.

in an embodiment an external finish is applied to the panels on a sidefend of the
building unit or ceiling of the unit.

In an embodiment the frame has attachment points at each corner.
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In an embodiment the frame has attachment points at each corner formed of FRP.

In an embadiment the building unit is of a width between 2.4m and 6m and preferably
between 2.6 and 4.2m. In a preferred embodiment each container is of a width of
about 3.3m (11°) to 3.6m.

In an embodiment the building unit is of a length of 6m (20’). In other embodiments
the container is of a length of one of 6.8m, 7.2m, 12m, 14.4m, 18m, or 36m.

In an embodiment the building unit is of a height of 2.9m (9'6") to 3.2m. Inan
embodiment each container is of a height of about 3.48m. In an embodiment each
tall container is of a height of 5.8m (19") tc 6.2m.

In an embodiment the building unit is a tall container, where the tall container has a
height of two other unit stacked one on another and a iength of half the length of
other building units. In an embodiment length is about 3m. In an embodiment each
tall container is of a height of 8.7m.

In an embodiment the building unit comprises a longitudinally extending stair well,
such that when formed as part of the building the modular building unit extends
lengthways in a vertical orientation.

In an embodiment the frame of the container forms a structural element of a building
formed of a plurality of such building units.

In an embodiment the end and or side panels of the container form a structural
element of a building formed of a plurality of such building units.

In an embodiment the building unit is configured such that it can be assembled into
the building without structural modification.

In an embadiment the building unit is stackable for transport and is able to be
stacked in the building.
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In an embodiment the building unit comprises a portion of a roof locatable inside the
modular building unit and able to be placed above the building unit to form part of a
roof of the building when the building unit is formed into a building.

In an embodiment the frame is formed of hot formed steel and is provide with corner

castings.

In an embodiment a truss of the roof portion is formed of FRP. In an embodiment a
roof cladding sheet of the roof portion is formed of FRP. In an embodiment the roof
portion comprises lifting points.

In an embodiment an opening for receiving a forklift tine comprises a casing form of
FRP.

According to the present invention there is provided a modular building unit for
construction of a building, said modular building unit comprising a structural frame
suitable for interconnection to another modular building unit in construction of the
building and a wall of the building unit comprises:

a first structural panel in line with and fixed to the frame; and

a second structural panel interneal to and fixed to the frame so as to be paraliel to
and spaced from the first structural panel so as to provide an air gap therebetween;
wherein the modular building unit is transportable.

Also according to the present invention there is provided a building module
comprising a roof portion to be placed above the building unit when the building unit
is formed into a building.

In an embodiment the roof portion comprises a truss formed of FRP.

According to the present inventicn there is provided a modular building unit for
construction of & building, said modular building unit comprising:

a rectangular frame; and

a plurality of beams extending transversely across the bottom of the frame and
inwardly spaced from ends of the frame, each of the plurality of beams providing at
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least one fastener mounting means inwardly spaced from the sides of the frame for
attachment to footings or another building unit.

According to the present inventiaon there is provided a modular building unit far
construction of a building along with a plurality of similar modular building units, said
modular building unit comprising:

a rectangular frame;

a removable skin affixed to a side and/or end face for transport, and

one or more removable vertical supports on side faces of the frame and located
underneath the removable weather resistant skin.

According to the present invention there is provided a modular building unit for
construction of a building, said modular building unit comprising:

a rectangular structural frame;

a skin affixed to a top face of the frame; and

an internal insulated ceiling underneath the skin, wherein the ceiling provides
structural support to an internal structural sidewall.

According to the present invention there is provided a medular building unit for
construction of a building, said modular building unit comprising:

a rectangular structural frame, wherein the width of the frame is of at least 2.6m;

a skin affixed to each face of the frame;

and a siructural wall pane! behind at least one of the skins and is fixed to the inside
of the frame.

According to the present invention there is provided a modular building unit according
to claim 29, wherein the frame, panel and or skin configure the building unit to have
other building unit stacked thereon and the frame is suitable for handling as an
oversized shipping container

According to the present invention there is provided a modular building unit
comprising a structural frame for interconnection to another building unit in
construction of a building, a structural panel affixed to, but inwardly spaced from, a
top face of the frame.

AMENDED SHEETS

TN AJATT



10

15

20

25

30

35

CA 02878720 2015-01-12

FUL/AULUIDI/VVUI/QO

Received 10/04/2014
-7B -

According to the present invention there is provided a modular building unit
comprising a structural frame for interconnection to another building unit in
construction of a building, wherein the frame is of a width between 2.6m and 3.5m.

According to the present invention there is provided a modular building unit
comptising a structural frame for interconnection to another building unit in
construction of a building, wherein the building unit is of a height of about 3.5m,

According to the present invention there is provided a modular building unit
comprising a structural frame comprising vertical posts, a structural wall inside the
frame comprising a vertical post adjacent to and fixed to one of the vertical posts of
the frame.

According to the present invention there is provided a modular building unit for
construction of a bulilding, said modular building unit comprising:

a structural frame suitable for interconnection to another modular building unit in
construction of the building, wherein the frame is at least 2.6m in width; and

a stud frame panel internal to and fixed to the frame.

According to the present invention there is provided a modular building unit according
to claim 35, wherein the structural frame comprises vertical corner posts and the stud
frame comprises a vertical corner post adjacent to and fixed to one of the vertical
corner posts of the frame.

According to the present invention there is provided a building comprising a plurality
of modular building units, each modular building unit comprising

a rectangular frame;

a plurality of beams extending transversely across the bottom of the frame between
the ends of the frame for attachment to footings or another building unit;

a removable weather resistant skin affixed to a side and/or end face for transport,
wherein the skin provides structural rigidity to the frame;

one or more removable vertical structural supports on side faces of the frame;

an internal structural support wall on one or more corresponding faces and fixed to
the frame;

a weather resistant skin affixed to a top face of the frame, and an internal insulated
ceiling underneath the skin; and
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wherein the width of the frame is of at least 2.6m.

Also according to the present invention there is provided a building comprising a
plurality of modular building units, each modular building unit according to one or

more of the descriptions above.

In an embodiment the building comprises longitudinally side by side frames and
parallel adjacent back to back internal walls of each building unit.

In an embodiment the building comprises building-internal service access-way
formed on at least two building-internal service access-way portions of at least two
adjacent building units. In one embodiment the building-internal service access-way
portions are formed by the building units being end to end. In one embodiment the
building-internal service access-way portions are formed by the building units are
side by side. In one embodiment the building-internal service access-way portions
are formed by the building units are end to end and side to side.

Also according to the present invention there is provided a method of conétructing a
building comprising providing a plurality of building units as defined above and
placing the building units next to one another and connecting the units together into a
single structure.

In an embodiment at least two of the building units are placed end to end. Inan
embodiment at least two of the building units are placed side by side.

In an embodiment at least two of the building units are stacked.

According to the present invention there is provided a building comprising a plurality
of medular building units, each modular building unit comprising:

a rectangular frame;

a plurality of beams extending transversely across the bottom of the frame for
attachment to ground supports or another building unit; and

wherein one or more of the frame or transverse beams are formed of Fibre
Reinforced Polymer (FRP).
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Also according to the present invention there is provided a panel for use in a building

comprising a sheet of FRP having mounting points for fixing the sheet to a structure.

In an embodiment a first surface of the sheet is finished in a manner suitable for
decorative use prior to fixing to a structure.

In this specification the terms “comprising” or “comprises” are used inclusively and
not exclusively or exhaustively.

Description_of Drawings

In order to provide a better understanding of the present invention preferred
embodiments will now be described, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic set of plan views showing a building unit and a building
according to an embodiment of the present invention;

Figure 2A is an upper isometric view of a bank of modular building units of the
building of Figure 1, with a roof removed;
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Figure 2B is a lower isometric view of the bank of Figure 2A;

Figure 2C is an upper isometric view of a bank of modular building units of the
building of Figure 2A, with a removable skin removed;

Figure 2D is an upper isometric view of a bank of modular building units of the
building of Figure 2C, with internal walls being shown in ghost form and with another
bank of modular building units adjacent with no internal walls or roof and a removable
skin removed;

Figure 3 is an upper isometric view of a modular building unit of Figure 1, with the
roof removed:;

Figure 4 is an upper isometric view of a modular building unit of Figure 3, showing a
ceiling and internal walls resulting from a removal of external wall panels;

Figure 5 is an upper isometric view of a frame of the modular building unit of Figure
3

Figure 6 is a partial cross sectioned side elevation of an embodiment of a modular
building unit of the present invention;

Figure 6A is a partial cross sectioned side elevation of an embodiment of two
modular building units of the present invention stacked one on another;

Figure 7 is an enlarged portion of the building unit of Figure 6;

Figure 8 is a cross sectioned perspective view of an embodiment of a transverse
beam of the building unit according to the present invention, with a removed portion
of a floor structure to allow access to the transverse beam;

Figure 9 is a horizontal cross section of an embodiment of a corner of the building
unit according to the present invention;

Figure 10 is a horizontal cross section of an embodiment of an internal corner of the
building unit according to the present invention;

Figure 11 is a vertical cross section of an embodiment of a roof section of the
building unit according to the present invention;

Figure 12 is a vertical cross section of an embodiment of a floor section of the
building unit according to the present invention;

Figure 13 is a vertical cross section of an embodiment of a wall section of the
building unit according to the present invention;

Figure 14 is a vertical cross section of an embodiment of a wall section of the
building unit according to the present invention;

Figure 15 is a vertical cross section of an embodiment of a wall section of the
building unit according to the present invention;
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Figure 16 is a horizontal cross section of an embodiment of a wall section the
building unit having a window of according to the present invention;

Figure 17 is an end view of a cluster of the building of Figure 1;

Figure 18 is a side elevation of the cluster of the building of Figure 6;

Figure 19 is a side elevation of a pair of panels according to an embodiment of
another aspect of the present invention;

Figure 20 is a side elevation of an end of a modular building unit according toc an
embodiment of another aspect of the present invention;

Figure 20A is a side elevation of an end of an alternative modular building unit
according to an embodiment of another aspect of the present invention;

Figure 21 is a side elevation of a side of the modular building unit of Figure 20;
Figure 21A is a side elevation of a side of the modular building unit of Figure 20A;
Figure 22 is an upper isometric view of a bank of modular building units according to
an embodiment of the present invention;

Figure 23 horizontal cross-sectional plan view of the bank of Figure 22;

Figure 24 horizontal cross-sectional plan view of a modular building unit according to
an embodiment of the present invention;

Figure 25 horizontal cross-sectional plan view of a portion of a building comprising a
plurality of building units of Figure 24;

Figure 26 is a side elevation of the building unit of Figure 24;

Figure 27 is an end view of the building unit of Figure 25;

Figure 28 is an enlarged horizontal cross-section of detail D1 of Figure 24;

Figure 29 is an enlarged horizontal cross-section of detail D2 of Figure 24,

Figure 29A is an enlarged horizontal cross-section of detail D4 of Figure 24;
Figure-29B is an enlarged horizontal cross-section of an alternative detail D4 of
Figure 24;

Figure 30 is an enlarged horizontal cross-section of detail D3 of Figure 24,

Figure 30A is an enlarged horizontal cross-section of an alternative detail D3 of
Figure 24;

Figure 31 is a schematic plan view showing portions of an embodiment of a roof of a
build according to the present invention;

Figure 32 is a schematic upper isometric of a building unit according to the present
invention;

Figure 33 is a plan view of a selection palette of types of modular building unit

according to the present invention; and

CA 2878720 2018-05-07
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Figure 34 is a schematic set of isometric views showing alternative building

configurations according to an embodiment of the present invention.

Description of Preferred Embodiments

Referring to Figure 1 there is shown a building 10 according to an embodiment of the
present invention. The building may be for example a mine site accommodation
village, a hotel, hospice or offices.

The building 10 comprises one or more clusters 12. In this embodiment a cluster
comprises a plurality of similar usage areas. For example in an accommodation
complex a living quarters may comprise usage areas that may be bed and bath
rooms. The cluster comprises a plurality of banks 14, 14’, 14", 14" of modules. A
bank 14 of modules comprises one or more modular building units 16. In this
embodiment every unit in the bank, and preferably in the cluster, has the same
dimensions. In this embodiment each bank 14 comprises three units 16 positioned
end to end. Thus each bank has the same dimensions. In an alternative
embodiment (such as is shown in Figures 22 and 23) the bank comprises two units
end to end. In yet a further embodiment the bank is a single building unit (such as is
shown in Figure 24).

Further in this embodiment each bank 14 comprises a mirrored usage area on each
side of a corridor 30. For example each bank 14 may comprise living quarters on
each side of the corridor 30. In an alternative or in addition a bank 14 may comprise
a plurality of units 16 side by side. In this embodiment each cluster comprises a
plurality of (in this case fifteen) banks 14 in a side by side arrangement. Further the
cluster 12 comprises different types of banks 14’, 14” and 14", each with a different
usage, on either side of the plurality of banks 14. In this embodiment the banks 14’
comprises a vertical access unit, such as a stair way or elevator. In this embodiment
the clusters are offset and connected to each other by a cluster cannection portion
20.

In an embodiment each unit is of a unit type and each unit is configured according to
its unit type. In an embodiment the configuration comprises one or both of internal

wall configuration and external (perimeter of the unit) wall configuration. In an
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embadiment each bank is of a bank type, where each bank type is defined according
to the unit types of its units.

A bank 14 is shown in more detail in Figures 2A to 2D. In this embodiment the bank
14 comprises unit 16A, which comprises a service corridor 30 and service entries to
bathrooms 32 and 32’. On either end of unit 16A is units 16B and 16C, each of these
comprise a bedroom 34/34’ and veranda or private balconies 36/36’. A doorway 56
leads from room 34’ to the bathroom 32’. In an alternative the corridor may be a
hallway corridor and rooms 32 and 32’ are entries and rooms 36 and 36’ are
bathrooms.

Also referring to Figures 3 to 5, each unit 16 comprises a structural frame 40 in the
shape of a rectangular prism. In an alternative form the structural frame 40 is in the
form of a rectangular table shape, comprising a rectangle and four legs, each
extending from one of the corners of the rectangle. Typically the rectangle will be at
the base of the building unit and the legs will extend vertically. In such a case it will
be typical to have another rectangle of another building unit joined at the corners
such that the other rectangle and the structural frame form a rectangular prism.

Typically the frame 40 is formed of steel beams, however in an embodiment the
frame 40 is formed of Fibre-Reinforced Polymer (FRP) (also known as Fibre-

reinforced plastic) beams fixed together by bonding and or mechanical coupling.

FRP is a composite material formed by reinfarcing a polymer matrix with fibres,
typically glass fibres (fibreglass) or carbon fibre or aramid fibre. The polymer is
typically a thermoset or thermoplastic resin. The fibres are generally oriented to
provide strength and deformation resistance as required by the member formed of
FRP. In the case of a beam the fibres are oriented for load bearing and resistance to
longitudinal deformation. FRP beams are connected to form the frame by removing
any residual mould release agent on the site of the connection point, applying a
structural adhesive and or fixing with a mechanical coupling, such as bolting the

beams together or to a common connection member, such as a corner 50.

The inside of the prism 56 will be a portion of the inside of the building, when
constructed. Longitudinally disposed end faces of the frame have vertically

extending support members 44. In an embodiment the support members 44 are
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formed of steel, however in an alternative embodiment they may be formed of FRP
beams. The longitudinal frame members have removable supports 52 extending
vertically between them, which are used during transport of the unit and may be
retained in suitable positions to provide additional support strength to the structure.
However these supports 52 may also be removed leaving open the space 46
between the top and bottom longitudinal frame members. This enables an area in
the building to be larger than would otherwise be available when the walls are
removed leaving open space 46 leading to the inside 56 of the unit 16. A bottom
face of the frame has transverse support members 42 in the form of beams. The top
face of the frame may also have transverse support members. The support
members 42 allow the floor of the unit to support sufficient weight and can also be
used to mount a bottom level to a ground support/mounting system or to a level of
units beneath. Transverse members 70 extend between the longitudinal horizontal

bottom frame members 40 and support a floor 86.

For transport, and if desired to be used in the assembled building, the faces of the
prism may have outer side walls 60 and end walls 62, as seen in Figure 3. In one
embadiment an internal side wall 80 and or an internal transverse wall 82 are
provided inside of an outer wall and inside of the frame 40, seen in Figure 4. Outer
walls 60 and 62 are not shown and frame 40 is ghosted in Figure 4 so that the

internal walls 80 and 82 can be more clearly seen.

In an embodiment the internal walls 80/82 may be configured as required to define a
room or rooms or part of a larger room in the unit. The outer wall 60/62 is a skin
preferably suitable for transport of the unit in a weather exposed condition. In an
embodiment the outer wall 60/62 is formed of one or more panels of weathering
steel, such as Cor-ten™ or in an alternative form of FRP. In an embodiment the
outer wall 60/62 is removable after transport or retained as a weather resistant outer
wall in the building or as a structural member fixed to and supporting the load bearing
capacity of the frame. The internal wall 80/82 (shown in Figure 6 with the side wall
60 not shown) may also provide structural integrity to the unit 16, particularly to
support loads in combination with the frame when used in a multi-storey configuration
or when used in cyclone prone areas. In this embodiment the internal wall 82 is
behind end walls 62. The units 16 may also have an internal ceiling 84 and a top
surface skin 64 comprised of the same whether resistance material as the side wall

60 for transport. This may also be retained in the building 10.



CA 02878720 2015-01-09

WO 2014/008548 PCT/AU2013/000768

10

15

20

25

30

35

-13-

The external skin 60/62 and or internal walls 80/82 may be formed of a panel
comprising a sheet of FRP finished with a decorative appearance on a surface prior
to installation in the unit, such that the surface will be displayed when installed in the
unit. Such a panel will have apgplication in buildings other than in the modular
building unit described herein. The panels will have securing points, such as holes,

for bolting or screwing to the frame or other structure of the building.

For transport the corners 50 of the unit 16 may have attachment points for lifting the
unit to and from a transport vehicle, such as a truck, rail car, or ship, and for
positioning in place in the building 10. The attachment points are in the normal form
of “castings” using for shipping containers, although in an embodiment these are
formed of FRP and may be integrally formed with the vertical edge members of the
frame 40 or the longitudinal members of the frame 40. In the sides of the lower
longitudinal frame members 40 there are fork pockets 54 for receiving tines of a
forklift, the same as is a normal shipping container.

Transverse dashed lines Il and HH extend through the beams 42. They intersect at
48 with longitudinal dashed lines | and H. These lines allow a grid to be used in the
design of the building and are spaced V4 of the width/length of the unit in from the
edge of the unit. In this embodiment they extend through the intersection of vertical
supports 44 with the end bottom structural members 40. In an embodiment the
vertical supports are about 2.4m apart. They are also removable to allow a clear
opening 47. Generally the opening 47 will be internal to the building, with loads
distributed to and through the frame and in some cases the structural wall panels
80/82 and panels 60/62.

The beams 42 are positioned inwardly of the respective ends of the frame 40, ideally
about a third to a quarter of the length of the frame 40. The beams 42 should be

positioned outwardly of the fork pockets 54, which are generally about 2m apart.

The vertical supports 44 are positioned inwardly of the edges of the frame 40, ideally
about a quarter of the width of the frame 40. In an embodiment the supports 44 are

about 0.5 to 1m and preferably about 0.486m from each edge.
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The vertical supports 52 are positioned inwardly of the edges of the frame 40, ideally
about a quarter to a third of the length of the frame 40. In an embodiment the
supports 52 are about 2m from each edge. Each of the supports 52 need not be
positioned inwardly from the edge by the same distance. This is the case in Figure 5.
They may be positioned to provide a structure to fix internal walls to.

In an embodiment a diagonal brace may be provided on the side faces of the frame
40 for transport. Such bracing may also be used in the internal walls 80/82 and

ceiling panels in the roof 84 and in the floor 86.

In an embodiment a portion of or the whole of the building is multistorey. In the
embodiment shown in Figures 17 and 18 there are two stories. As shown, banks
14A, 14B and 14C each have respective banks 14AA, 14BB and 14CC on top so that
there are two storeys. Bank 14A has end corridor unit 16A with a door to the exterior
of the building or to an access-way in bank 14A prior to lower stair well units 16BA
and 16BA’. Above unit 16A in bank 14AA is an end corridor unit 16AB with a door to
the exterior of the building and a hand rail. A top part of the stair well units 16BA and
16BA’ is in bank 14AA. A unit may be two storeys high. A roof is in two parts 100
and 100’ and spans bank 14AA. Each part 100 and 100’ is longer than the
respective end building unit and partly covered unit 16AB.

Referring to Figure 6 an embodiment of a building unit is shown mounted to footings
150, 152 and 154. In an alternative a slab may be used as well as or instead of the
footings. The transverse beams 42 are inward of the ends of the building unit and
are fastened to inner footings 150, the bottom attachment points 50 on the exterior
are fastened to perimeter footing 152 and the bottom attachment points 50 on the
interior of the building, along with the attachment points 50’ of an adjacent building
unit are fastened to footing 152 by two C channels. In an embodiment the footings
150, 152 and 152 are pile footings above ground level. In an alternative they may be
at ar below ground and in a further alternative, instead of footings there may be
vertical posts or screw piles. In yet a further alternative, instead of footings there
may be attachment points to a building unit underneath, as shown in Figure 6A. Itis
desirable for the beams 42 have a suitable flanged surface with a hole or holes

therethrough to be bolted in place.
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There may be correspondingly positioned beams 42’on the top face of the frame for
attachment of beams 42 in a building unit stacked on top. Beams 42 and 42’ may
provide structural reinforcement of the frame, including resistance to torsion through

the length of the building unit.

It can be seen in Figure 6A that the corner attachment points 50 between the stacked
units sit on the other and are able to be fastened together. Further the transverse
beams 42 in the upper unit are able to sit on the longitudinal members of the frame
40 and/or other longitudinal channel members 88 (such as C channels) fastened to
the frame 40. In an embodiment the members 88 may be formed of FRP.

In this embodiment the building unit has spaced apart oppositely directed monopitch-
like roof part 100 fastened to top longitudinal members of the frame 40 and/or other
the longitudinal channel members 88. The roof part comprises abutting roof portions
102, 104, 106 and 108 with an overlap 124 in a top drainage sheet 114. There may
be other portions not shown in Figure 6. Each portion may be progressively longer in
a horizontal dimension than the previous and shorter in height than the previous. In
an embodiment the width (into the page) of the roof portions is smaller than the width
of each building unit. In an embodiment each roof portion is 2 or 1/3 the width of the
building unit, such that 2 or 3 panels of the same type sit side by side on the top wall
64 to cover the width of the building unit.

Referring to Figure 7, in an embodiment, the roof portions are formed of a sloping
truss or frame with a bottom horizontal beam 118 being a joist, a top horizontal beam
110 being a rafter and S-shaped sections 112 being battens onto which is fastened a
roof sheet 114. There are vertical beams 120 at the end of each truss, which abut
between adjacent portions and may be fastened together. It can be seen that the
taller portion 102 has its roof sheet 122 overlap sheet 114 at 124 to ensure proper
progressive run-off of water from the roof 100. In an embodiment the roof portions or
parts thereof, including the beams 110, 118, 120, 116 of the truss and roof sheet 114
are formed of, for example, extruded aluminium and steel roof sheets or FRP
beams/panels or as an integrally moulded FRP member.

Also shown in Figure 7 an insulated wall 80 has service conduit 182 installed for use
by electrical cables or plumbing services. In an alternative or in addition service

access skirting may be provided between the inner wall 80 and the floor structure 86.

PCT/AU2013/000768
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Referring to Figure 8, the transverse beam 42 is shown in more detail. The beam is
an [ beam in one embodiment or two back to back C channels in another
embodiment. The beam 42 is preferably welded, bonded and or mechanically
coupled (such as by bolting) to the longitudinal bottom frame member 40. The beam
42 has fastening holes 130 for fastening the beam 42 to the footings 152, or to
another building unit beneath. Also shown are transverse C channel cross members
70 extending between the longitudinal horizontal bottom frame members 40. In an
embadiment the cross members are formed of steel or FRP. Also shown are floor
member(s) 132 which form a floor 86. An access panel covering a fixing point of the
beam 42 is removed. Fixing the beam 42 to footings allows transfer of load from the

frame to footings additional to those at each end.

Referring to Figure 9, a corner of the building unit showing an insulated internal wall
80 is shown joined to internal wall 82. The wall 80 is comprised of a frame, such as a
light steel frame 160 with an insulating material 164 in between panels of magnesium
oxide cement board or plasterboard, FRP panels or the like. The wall may be
certified for cyclonic conditions and or may be fire retardant. Thermal-break sheets
166 and 168 may be provided on either side of the frame 80. A light steel vertical
member 170 sits within the frame 160 inside the corner post 40 such that a gap 172
is provided between the internal wall 80 and the side wall 60’ and end wall 62. The
member 170 is also fastened to the longitudinal frame members and if applicable the
vertical members 52. The internal wall 80 has vertically extending steel studs
regularly spaced along its length. A typical example spacing is 300mm. A lining 182,
such as wall paper, or laminate may be applied to an internal wall cladding 174,
which in turn may be applied to a water resistant sheet 176 for wet areas, such as
bathroom or laundry. Variations to the wall structure are described in relation to
Figures 13 to 16.

The walls 80/82 may be constructed in a manner that would enable them to receive a
cyclone resistant rating as if they were not to be inside the frame. This enable the
building unit to have the structural integrity of a cyclone rated structure internal to the
frame, notwithstanding the increased structural integrity provided by the frame and or
the wall 60/62.



WO 2014/008548

10

15

20

25

30

35

CA 02878720 2015-01-09

-17 -

Also shown there is a connector 190 connecting the connection points 50 of corner

post 40 and a corner post 40’ of ancther building unit.

The wall member 60A in this embodiment is different to the wall member 60 in other
embodiments. It has columns 332 recesses for receiving fixing members 184 and
holes 186 for attachment of an aesthetic external cladding 232. The wall 60A may be
bolted to the frame 40 by bolt 188. The external cladding may be a sheet of FRP.

Figure 10 shows a similar structure at a corner of four units. There is an air gap 192
between wall members 60 and 60’. When adjacent wall members 60 or 62 are

removed the air gap 192 may be used for services.

Referring to Figure 11, there is an embodiment of a ceiling structure 84 comprising a
top panel 64, which is typically formed of a weathering steel or an may be formed of
a FRP panel. In an embodiment, underneath is an internal insulating ceiling panel
208, preferably separated by an air gap. In an embodiment this ceiling panel is
formed of a stud frame with thermal insulating material between the frame studs,
where required service ducts or conduits are provided. The ceiling panel is typically
fixed to the frame and increases the structural integrity of the frame. In an
embodiment on one or both sides of the stud frame is a sheet of insulating material,
such as an air-cell aluminium foil 206 and 210, which acts as a thermal break. In an
embodiment underneath the panel 208 is a decorative cladding 212, which is
typically fire proof, such as magnesium oxide cement panels, or a FRP panel. The
panel 212 may be acoustically dampening, by for example being provided with sound

cancelling perforations.

In an alternative to decorative cladding 212 there may be battens for a suspended

ceiling.

In an embodiment on the roof there is a profiled sheet metal panel 202 on hinges
which is held by brackets at an optimal angle so as to support a solar panel 204.
Alternatively a solar panel may form part of a roof panel.

Referring to Figure 12, there is an embodiment of a floor structure 86 comprising a
bottom panel 132, which is typically formed of weathering steel or a FRP panel

fastened to the cross members 70. In an embodiment, on top of this is a sheet of

PCT/AU2013/000768
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waterproof insulating material, such as an air-cell aluminium foil 222, which acts as a
thermal break. In an embodiment on top of this is a metal insulated panel 224, such
as a 50mm polystyrene core with 0.5mm powder coated sheet metal on each side or
concrete waffle beams. On top of this is a Compressed Vinyl Composition floor 226.
Other floor surfaces may be used as alternatives, such as tiles, wood or carpet.

Referring to Figure 13, an embodiment of an external wall 230 of the building is
shown. In this embodiment an optional external cladding 232 is applied to the
external side of a panel 60A or end 62A, such as by use of the fixing members 184
and holes 186. On the internal side is an insulating wall panel 236, such as panel 80.
In an embodiment the panel is formed of a stud frame with thermal insulating material
252 between the frame studs 250. Where required, service ducts or conduits are
provided in the panel 236. In an embodiment on one or both sides of the stud frame
is a sheet of waterproof insulating material, such as an air-cell aluminium foil 234 and
238, which acts as a thermal break. In an embodiment on the inside surface is a
decorative cladding 240, which is preferably fire-proof, such as a magnesium oxide
cement board or an FRP panel. This cladding may have a decorative image applied
to the displayed surface.

The panel 236 has a bottom edge 254, which sits on the bottom longitudinal member
of the frame 40. The cladding 232 and side/end 60/62 extend down further as they

cover the full side of the building unit 16.

Referring to Figure 14, an embodiment of an internal wall 240 of the building is
shown. This wall will be on the exterior of a building unit, but will become an internal
wall of the building when the building is assembled form the building units. It has a
similar construction to wall 230 except that the cladding 232 is not included.
Optionally side/end 60/62 may be removed. Typically this internal wall 240 will face a
similar mirrored internal wall of the adjacent building unit.

Referring to Figure 15, an embodiment of an internal wall 260 for a “wet-area” is
shown. A wet area is an area that has water services, such as bathroom, laundry,
outdoor barbeque area or kitchen. It has a similar construction to wall 230 except
that the cladding 232 is optionally not included. Opticnally side/end 60/62 may be
removed. In addition there is a water resistant cladding 262 on the inside most
surface. This cladding 262 may be a FRP panel.

PCT/AU2013/000768
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Referring to Figure 16, an embodiment of an internal wall 270 with an opening is
shown. It has a similar construction to wall 260 except that an opening 56 is
provided in the wall, which may have a door or a window 274. In an embodiment the
window is a powder coated or vinyl wrapped double glazed sliding window with
thermal break frame 272. In an embodiment this wall section may be used a wall to
averanda area. |n an alternative this wall 270 may be an external wall, in which
case the side/end wall 60/62 may be present, and optionally external cladding 232
may be included if it is exposed to the outside atmosphere. The external cladding
232 may be a weathering steel or FRP panel 60/62 and may have a decorative finish
applied to the displayed surface.

It is preferred that the insulation material is fire resistant, such as for example
stone/rock wool insulation, although other layers, such as the sheet/skin 60/62, or the
magnesium oxide cement board 212/238 also serve as a fire resistant layer. Itis
also preferred that this layer also have water and mould resistance properties and
acoustic insulating properties.

The opening 56 may have a cyclone rated shutter installed, which when installed with
wall 62 in the opening from the veranda to the exterior of the building 10, allows the
veranda, which is internal to the frame 40 to become cyclone rated.

In an embodiment the veranda deck comprises a rail or balustrade along one of the
faces of the building unit.

In an embodiment the veranda deck is open to a veranda deck of an adjacent

building unit in use.

In an embodiment a wall partitioning the veranda deck from a room in the building is

insulated. In an embodiment an enclosure of the veranda deck is uninsulated.

The internal walls 80/82, ceiling panel 208 and floor structure 86, excluding bottom
panel 132, may be constructed, with services installed, as one or more internal

modules, which are in turn installed in and fixed to the frame 40.
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The internal walls 80/82, internal ceiling panels 208 and floor structure 86, excluding
bottom panel 132, may in a box structure having a suitable structural integrity as if
the frame 40 were not present. This may allow for the building unit 16 to have a
weather rating at least equivalent to the rating the equivalent structure would have
without the frame 40.

For ease of transport, advantageously the rectangular parallelepiped structural frame
40, with the walls 60 and 62, can be handled as a shipping container. More
advantageously the frame can be overwidth, wherein the width of the frame is of at
least 2.4, preferably 2.6m to 4.2m, more preferably about 3.3m (11°) to 3.5m and

most preferably 3.4m.

In an embodiment the length of the frame is about 6m, 6.8m, 7.2m, 12m, 14.4m, 18m
or 36m. In an embodiment the height of the frame is the size of a HQ container,
which is about 2.9m in height. In an embodiment a tall container is of a height of
5.8m (19’). In an embodiment each container is of a height of about 3.12m or 3.48m.
In an embodiment each tall container is of a height of 6.24m, 6.96m or 8.7m.

The air cavity between the external wall 60/62 and the internal wall 80/82 means that
the external walls of container may not need to be totally waterproof and the external
walls 60/62 can be bolted, (or if steel spot welded ) for cost savings. Further the
units do not needing ta go into a floatation tank to see if they are totally waterproof.
There is also the flexibility of optionally removing the exterior wall 60/62 on location
according to the design if the building, a well as, future replacement if transported

again. It is desired that the top exterior panel 64 be waterproof for transport.

Referring to Figure 19 there are a pair of side by side panels 980 forming at least a
part of an internal wall of a building, or an external cladding. Each panel 980 is
comprises a sheet of FRP finished with a decorative appearance, eg a coloured wall.
In an alternative the finished appearance may comprise a photograph, a picture, an
artwork or an image, such that the surface will be displayed when installed in the
building. The finish is applied to the panel prior to installation on the wall. The
panels have securing points, in form of holes 982, for bolting or screwing to the frame
or other structure of the building. Alternatively the panels may be secured with an
adhesive or bonding agent such as a resin. This panel 980 may be used as panel

238 in the previous aspect of the invention.



CA 02878720 2015-01-09

WO 2014/008548 PCT/AU2013/000768

10

15

20

25

30

35

_21-

Referring to Figures 20 and 21, building unit comprises an external skin 960 in the
form of a panel comprising a sheet of FRP. The panel is finished with a decorative
appearance, eg a brick pattern, or in this case, by example only, a hexagonal pattern,
such that the surface can be displayed when installed on the building. The panels
are securing by bolting or screwing the panel through corner holes 962 to the frame
or other structure of the building, or by adhesion. Figures 20A and 21A show an

alternative where the external skin 960 covers the frame 40.

In an embodiment the modular units are configured such that they can be assembled

into the building without structural modification.

Building units can be affixed by each other by the frame and the frame transfers
loads to the ground/footings. The wall panels in effect reinforce the frame, assist in

load transfer.

Referring to Figure 22, an alternative bank 414 is shown. In essence this bank 414 is
substantially the same as the bank 14 described above, except that in this
embodiment the bank comprises two end to end elongate modular building units 16°.
Also in this embodiment the corridor 30 is replaced by an internal service access-way
30, which may be narrower than corridor 30 and may be walled so that access is
only available from above or below, or through a service panel in room 32/32. The
units 16’ each comprise a deck for the veranda 36, which is internal to the frame 40,
a bedroom 34 and a bathroom 32. The veranda 36 is open to the exterior of the
building. The service access-way 30 allows service access to the bathrooms 32 of

each unit 16’. Each unit is a discrete dwelling.

Figures 24 to 27 show a further alternative embodiment. In this embodiment the
bank 14 is comprises of a single modular building unit 16” and the units 16” are
arranged side by side as shown in Figure 25. In essence this unit 16” is substantially
the same as the bank 14 described above, except that in this embodiment the unit
16" has a longer frame 40 and is divided into two dwellings. There is no corridor 30.
This is replaced with an internal service access-way 332 which is made of two part
access-way portions 330 and 330’ set on complementary sides of adjacent units 16”.
This form of access-way can by used in the two unit bank embodiment by having

each back contribute a portion of the space that makes the service access-way 332.
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Again each dwelling of the unit 16” comprises a deck for the veranda 36, which is
internal to the frame 40, a bedroom 34 and a bathroom 32, with the bathrooms being
adjacent each other and the services are provided via the service access-way 332.
Panel portions 360, 362 and 364 may be removed with the panels 60/62 or
separately to allow access to the verandas 36 and the service access-way portion
330.

Having a wet area and a “dry area” in the one module becomes possible, such as a
bathroom 32 and living room 34 (and veranda 36) in the same modular building unit.

It can be seen that in the above embadiments the modular building unit comprises:

a rectangular parallelepiped structural frame 40 suitable for interconnection to
another modular building unit in construction of the building 10, whether in a bank of
one unit or in a bank or two or three units. The internal structural stud frame wall
80/82 is fixed to the frame 40, and defines rooms within the modular building unit.
The external weather resistant panels 60/62 are affixed to a side and/or end face of
the frame 40 and may be removed. The service access-way 30/307/332 is internal to
the frame. It may be covered by the removable panel 60/62 for transport and open to
the exterior of the frame when the removable panel 60/62 is removed.

Due to the verandas 36/36’ being inside the frame 40, they may be protected from
the weather, for example by shutters and or by having a roof, which can allow the

wall to the room 34/34’ to have glazing.

Figure 28 shows a detailed horizontal cross-section of D1. The air gap 172 between

the external panel 62 and the stub wall 82 is clearly shown.

Figure 29 shows a detailed horizontal cross-section of D2. Thermal break frame 272
for glassing is shown.

Figure 30 shows access-way portion 330 in detail D3, where the wall section is the
same as 250.

Figure 30A shows and alterative to the detail of Figure 30, in which columns 332 are
present for attachment of external cladding 232, where the wall section is the same
as 230.
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Figure 29A shows an opening 302 from detail D4. There is a balustrade or hand rail
304 for providing a safety barrier when the veranda is at height. There is a

temporary cover 308, such as of plywood during transport.

Figure 29B shows an alternative opening 302 with a door 320 to the detail D4. There
is a balustrade or hand rail 304 for providing a safety barrier when the veranda is at
height. There is a temporary cover 308, such as of plywood during transport.

Figure 31 shows an example of how a roof part 100 (and 100’) may be divided
longitudinally into thirds, such that for example portion 108 is divided into roof
components R22, R26 and R30. Other forms of roof may be used or an open air
corridor may be provided. In an embodiment C1, C2 and C3 are open air.

Figure 32, which is a schematic representation, shows the fittings 280 of the modular
unit 16 in place or ready to final fitting prior to transport to site and packaged
furnishings inside 56 the unit for transport to site. In particular the roof sections are
contained in the unit for transport to site and then assembly. It is desirable that each
modular unit contains its own roof components, in this case roof components R22,
R26 and R30 of roof portion 108 are shown by way of example.

Referring to Figure 33 a plurality, in this example 12, different types of unit can be
available as stock units, which are prefabricated with fittings, including, external
walls, internal walls, doors, and other fittings, such as for example bathroom fittings,
kitchen fittings, laundry fittings, lighting, wiring, and plumbing. The wiring and
plumbing may be installed on-site or may be ready for connection to other uniis or
externally. Fittings such as lights, taps, air conditioning etc may be installed on site
or may be in finished form. This allows the building architect to modularly design the
building, order the desired units, ship them to site and assemble to building.

In Figure 33 each of the types of unit is, by way of example:
1 - carport;
2 — alfresco area;
3 — living room;
4 — dining room with kitchen bench;
5 —study or bedroom with veranda;

CA 2878720 2018-05-07
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6 — bathroom/laundry with veranda;
7 — bathroom/laundry with passage;
8 — bedroom with bathroom;

9 — meals room with kitchen;

10 — alfresco with barbeque area;
11 — entry veranda with stairs; and

12 — stairs entry and living/bedroom area.

In this example, plain white areas may have a concrete floor, vertical linear shading
may be a timber or similar floor, dotted areas are “dry areas” floors with furniture and

square pattern is a “wet area” with cabinetry and fittings floor.

Internal walls and doors may be of a standard type, such as light steel stud wall
supporting spaced apart panels or polycarbonate insulated panels. A door frame

may be installed in the wall frame with additional supporting vertical studs.

Figure 34 shows an assembly process where a modular unit is in container form for
transport. Once it arrives on site, it may be ready for assembly in place, or one or
more external skins (60/62/64) may be remaved as shown in the examples. Walls
60A and 62A may have preparation for site fixing of cladding. Some units may be
taller than others, such as in the case of stair wells or elevator shafts. The modular
units are then placed into banks, side by side or end to end and the banks formed
into the building, including in some embodiments stacking of the units. The internal
structure of the modular unit, which allows it to be stacked for transport and also
allows it to be stacked in construction of the building. When adjacent units have the
skins 60 removed, as well as support members 52 to create a larger open area,
additional bracing may be employed in the other walls of the unit or in surrounding
units to compensate to the removal of the support members or ceiling. In addition or
instead corner braces may be employed for structural strengthening.

Further it is desirable to have the vertical support in the nearest adjacent wall
retained (not removed), that is the nearest vertical support connected via the nearest

intersection 48 to retain structural integrity of the unit.
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The transportability of the units may also be useful not just to construct a building, but
also to move the building to a different location, or to break up the building and reuse
the modular units on one or more other buildings of different design.

The present invention may have particular advantages where the building is in a
remote location and there are significant transportation costs involved in construction
of the building and or where labour costs are significant as it is desirable to minimise
the on-site construction costs. However application of the invention is not limited to
remote locations.

Modifications may be made to the present invention with the context of that described
and shown in the drawings. Such modifications are intended to form part of the
invention described in this specification.
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Claims

1. A modular building unit for construction of a building, said modular building unit
comprising:

a structural frame forming parallelepiped outer edges of the modqlar building unit and
suitable for interconnection to another modular building unit in construction of the building,
wherein the modular building unit is adapted to be transported as a shipping container by
intermodal connection to the structural frame; and

a stud frame panel internal to the structural frame and fixed to the structural frame, wherein
the stud frame panel comprises'a frame, which is distinct from the structural frame, and a
plurality of vertically extending studs when the modular building unit is assembled in the
building; wherein the stud frame panel is structurally load bearing; wherein the structural
frame and stud frame panel are directly and immovably fastened so as to be structurally load
bearing in combination, wherein the stud frame panel is inwardly spaced from a parallel
adjacent external face of the structural frame.

2. A modular building unit according to claim 1, wherein the building unit comprises a
veranda deck internal to the structural frame, wherein the veranda deck comprises a
hurricane resistant shutter able to be opened so as to open the veranda deck to the exterior
of the structural frame and able to be closed so as to close the veranda deck from the
exterior of the structural frame, wherein the veranda deck is able to be connected to an
adjacent veranda deck of an adjacent other building unit when the building is assembled so
as to allow passage between the adjacent veranda decks.

3. A modular building unit according to claim 1, wherein the building unit further
comprises a portion of a building-internal service access-way that is internal to a side or end
face of the frame, and extends vertically in height between horizontal members of the
structural frame of the building unit, wherein the portion of the building-internal service
access-way is exposed to the exterior side or end of the building unit and is configured to
cooperate with another building-internal vertically extending service access-way portion that
is internal to a frame of an adjacent other modular building unit, such that when the modular
building unit is co-operating with the adjacent other modular building unit there is formed the
building-internal service access-way, such that the building-internal service access-way
extends between the modular building unit and the adjacent other building unit and the
building-internal service access-way has a height that extends vertically between the

horizontal members of the structural frame.
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4. A modular building unit according to claim 1, wherein the building unit further
comprises a weather resistant removable external panel affixed to each side and end face of
the structural frame and is in-line with the corresponding side or end face of the structural
frame, wherein the external panel covers the stud frame panel when in place.

5. A modular building unit according to claim 4, wherein an air gap is provided between
the external panel and the stud frame panel such that there is a horizonal offset between the
innermost face of the external frame and the outermost face of the stud frame panel.

6. A modular building unit according to claim 1, wherein the structural frame comprises
vertical corner posts, wherein the stud frame panel comprises a vertical corner post which is
adjacent to and fixed to one of the vertical corner posts of the structural frame.

7. A modular building unit according to claim 1, wherein the building unit further
comprises a plurality of beams extending transversely across the bottom of the structural
frame and inwardly spaced from the ends of the structural frame, each of the plurality of
beams providing at least one fastener mounting hole or projection inwardly spaced from the
sides of the structural frame for attachment to ground supports or another building unit.

8. A modular building unit according to claim 1, wherein the building unit further
comprises one or more removable vertical supports on side faces of the structural frame,
between corners of the structural frame, and located underneath a removable weather
resistant external panel, wherein the removable vertical supports and removable weather
resistant external panel are temporary for removal after transport and before construction of
the building, wherein the removable weather resistant external panel is positioned in-line
with the external face of the structural frame.

9. A modular building unit according to claim 1, wherein the building unit further
comprises a further structural panel affixed to, but inwardly spaced from, a top face of the

structural frame.

10. A modular building unit according to claim 1, wherein the building unit is of a width
between 2.6m and 3.5m.

11. A modular building unit according to claim 1, wherein the building unit is of a height of
6.4mto 7m.

CA 2878720 2019-11-04
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12. A modular building unit according to claim 1, wherein the building unit comprises a
longitudinally extending stair well, wherein a longest dimension of the modular building unit
extends in a vertical orientation when formed as part of the modular building.

13. A modular building unit according to claim 1, wherein the building unit comprises a
portion of a roof locatable inside the modular building unit and able to be placed above the
building unit to form part of a roof of the building when the building unit is formed into a

building.

14. A method of constructing a building comprising providing a plurality of building units
as defined in claim 1, placing the building units next to one another and connecting the units
together into a single structure.

15. A building comprising a plurality of modular building units according to claim 1.

16. A modular building unit according to claim 1, wherein the modular building unit
comprises an internal structure connected to the structural frame, wherein the internal
structure comprises the stud frame panel and at least one further stud frame panel so as to
form peripheral side or end walls of the internal structure, and a load bearing top panel so as
to form a roof of the internal structure.

17. A modular building unit according to claim 1, wherein the stud frame panel is

structurally load bearing so as to be able to withstand hurricane conditions.
18. A modular building unit according to claim 7, wherein the at least one hole or

projection is in the form of a plurality of vertically extending holes, each for receiving a

fastener.
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