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(57) ABSTRACT

A modular building system in which individual cuboid mod-
ules are assembled at a manufacturing facility, optimized for
transportation, and transported to a building site by conven-
tional delivery systems. On site, the modules may be modu-
larly assembled into multi-modular buildings. Buildings may
be assembled by attaching together a plurality of the struc-
turally self-supporting modules. The modules may be
attached horizontally adjacent or vertically adjacent one
another using a variety of specialized, interchangeable adap-
tors. The modules may also be offset horizontally, vertically
or perpendicularly to one another.
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172" thick 'T" welded comer plate

3 1/2" hole in 1/2" plate

© 5" x 5" or smaller HSS beam

5" % 5" HSS column
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MODULAR BUILDING SYSTEM

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to buildings. In par-
ticular, the invention relates to a modular building system.

BACKGROUND OF THE INVENTION

[0002] Inorderto optimize building design flexibility, cost,
and adaptability, modular building systems have been devel-
oped for residential, commercial and industrial application.
However, existing prior art modular building systems have
several drawbacks, which the present invention seeks to over-
come.

[0003] Current prior art construction methods generally
require the majority of construction work to be performed at
the building site. There exist some prefabrication methods
that seek to reduce the amount of on-site work, thereby real-
izing some cost savings. Significantly increasing the ratio of
factory-based assembly to on-site work further reduces con-
struction costs and improves the quality of construction. This
efficiency is achieved by delivering to a building site finished
modules which may be very quickly assembled on-site.
[0004] According to prior art prefabrication technologies,
building components are transported to building sites as pan-
els and are erected and finished on-site. Some prior art prefab
systems offer limited interior finishing, but these typically are
self-contained small, closed units. Other prior art prefabri-
cated systems may deliver parts of a building by wide-load
trucking, which is inefficient and expensive when shipped a
considerable distance from the factory. Some prior art prefab
buildings are container-based and cannot offer the flexibility
of'open space design, finish and precision due to the structural
constraints imposed by the container.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The embodiments of the present invention are
described below, with reference to the attached drawings in
which:

[0006] FIG.1 is an exploded front left view of a two-storey
modular building structure, according to the invention;
[0007] FIG.2is an exploded rear left view of the two-storey
modular building of FIG. 1, according to the invention;
[0008] FIG. 3 is an exploded left view of the inside under
the corridor of the two-storey modular building of FIG. 1,
according to the invention;

[0009] FIG. 4 is an exploded front left view of the two-
storey modular building of FIG. 1, according to the invention;
[0010] FIG.5is anexploded view of adjacent stacked mod-
ules and adjacent lateral adaptors of the two-storey building
of FIG. 1, according to the invention;

[0011] FIG. 6 depicts an exploded view of adjacent mod-
ules and lateral foundation adaptors, according to the inven-
tion;

[0012] FIG. 7 shows two adjacent modules from inside,
with partial floor, according to the invention;

[0013] FIG. 8 shows two adjacent modules from inside,
with partial floor, according to the invention;

[0014] FIG. 9 is an external view of two adjacent modules
and a lateral foundation adaptor, according to the invention;
[0015] FIG. 10 is an interior view of the bottom floor of the
two-storey building of FIG. 1, according to the invention;
[0016] FIG. 11 is an exterior view of the bottom floor of the
two-storey building of FIG. 1, according to the invention;
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[0017] FIG. 12 is a perspective view of seismic supports
within the corridor/walkway structure between modules of a
two-storey modular building, according to the invention;
[0018] FIG. 13 is a perspective view of seismic supports
within the corridor/walkway structure between modules of a
two-storey modular building also showing stairs, according to
the invention;

[0019] FIG. 14 is an exploded top view of the two-storey
modular building of FIG. 1, according to the invention;
[0020] FIG. 15 is an exploded side view of the two-storey
modular building of FIG. 1, according to the invention;
[0021] FIG. 16 depicts corner adaptors, stacking adaptors,
a lateral spacing adaptor and a balcony adaptor in the two-
storey modular building of FIG. 1, according to the invention;
[0022] FIG. 17 depicts lateral spacing adaptors, corner
adaptors, stacking adaptors, and balcony adaptors in the two-
storey modular building of FIG. 1, according to the invention;

[0023] FIG. 18 depicts a corner adaptor, stacking adaptors,
a roof adaptor, balcony adaptors, and lateral spacing adaptors
in the two-storey modular building of FIG. 1, according to the
invention;

[0024] FIG. 19 depicts corner adaptors, stacking adaptors,
lateral spacing adaptors, roof adaptors, and balcony adaptors
in the two-storey modular building of FIG. 1, according to the
invention;

[0025] FIG. 20 depicts foundation adaptors, corner adap-
tors, stacking adaptors, lateral spacing adaptors, and balcony
adaptors in the two-storey modular building of FIG. 1,
according to the invention;

[0026] FIG. 21 is an exploded view showing a balcony
adaptor and balcony support, connected to a standard stack-
ing adaptor using a lateral spacing adaptor, according to the
invention;

[0027] FIG. 22 depicts the upper storey of the two-storey
building of FIG. 1, showing steel decking and partial concrete
surface on the upper floor, according to the invention;
[0028] FIG. 23 depicts a roof truss connected by a roof
adaptor to the two-storey building of FIG. 1, according to the
invention;

[0029] FIG. 24 depicts a floor frame showing partial floor-
ing;
[0030] FIG. 25 depicts a multiple-storey modular building

and a truck delivering a module with removable ISO corner
adaptors, for installation into the building, according to the
invention;

[0031] FIG. 26 depicts the multiple-storey modular build-
ing of FIG. 35 and truck delivering a module for installation
into the building, according to the invention;

[0032] FIG. 27 depicts the multiple-storey modular build-
ing of FIG. 35 with cross-bracing, according to the invention;
[0033] FIG. 28 depicts the multiple-storey modular build-
ing of FIG. 35 with cross-bracing and seismic bracing in the
corridors, according to the invention;

[0034] FIG. 29 shows a second storey in which the modules
are oriented perpendicular and cantilevered to those of the
first storey, according to the invention;

[0035] FIG. 30 also shows a second storey in which the
modules are oriented perpendicular and cantilevered to those
of' the first storey, according to the invention;

[0036] FIGS. 31-35 depict third-party structures contained
within an alternate embodiment of the present invention;
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[0037] FIG. 36 depicts another embodiment for stacked
modules, showing an opening for a corner adaptor, and a
stacking adaptor with corridor adaptor, according to the
invention;

[0038] FIG. 37 depicts another embodiment for a stack of
eight modules, showing various adaptors and adaptors,
according to the invention;

[0039] FIGS. 38-40 show embodiments of a corner recep-
tor at one end of a column;

[0040] FIGS. 41-43 show ISO and non-ISO embodiments
of a removable transportation adaptor;

[0041] FIG. 44 shows a module with removable ISO corner
adaptors, loaded on a truck for transportation to a building
site, according to the invention;

[0042] FIG. 45 shows a module with removable ISO corner
adaptors, loaded on a truck for transportation to a building site
with cross-bracing for transport, according to the invention;

[0043] FIG. 46 shows a module with removable ISO corner
adaptors, loaded on a truck for transportation to a building site
with cross-bracing for transport and a covering tarp on the
open side, according to the invention;

[0044] FIG. 47 shows a module with removable ISO corner
adaptors, loaded on a truck for transportation to a building site
with cross-bracing for transport and exterior sheathing on the
roof and closed side, according to the invention;

[0045] FIG. 48 shows a module with removable ISO corner
adaptors, loaded on a truck for transportation to a building site
showing cross-bracing for transport and exterior sheathing on
the closed side, according to the invention;

[0046] FIG. 49-51 show embodiments of a lateral spacing
foundation adaptor;

[0047] FIGS, 52-53 show a mid-beam variable width lat-
eral spacing adaptor;

[0048] FIG. 54 shows a mid-beam variable width lateral
spacing adaptor;

[0049] FIG. 55 depicts a shim;

[0050] FIG. 56 shows a plug-in mid-beam variable width
lateral spacing adaptor;

[0051] FIG. 57-58 show embodiments of a corner adaptor;
[0052] FIG. 59 depicts a shim;
[0053] FIG. 60 shows a shim and corner adaptor; according

to the invention;

[0054] FIGS. 61-67 depict use of corner adaptors on
smaller diameter vertical corner columns, according to one
embodiment of the invention.

[0055] FIGS. 68-70 show one embodiment of a balcony
adaptor

[0056] FIG. 70 shows a roof adaptor; according to the
invention;

[0057] FIG. 71 shows a balcony adaptor; according to the
invention;

[0058] FIG. 72-73 show balcony assemblies; according to
the invention;

[0059] FIG. 74-75 shows a seismic spine for a corridor or

walkway; according to the invention;

[0060] FIGS. 76-78 depict incorporation of in-wall brac-
ing, according to one embodiment of the invention;

[0061] FIG. 79 depicts a steel cylinder for use as a conduit
for mechanical and electrical services between modules,
according to the invention;

[0062] FIG. 80 shows an HVAC adaptor between modules;
according to the invention;

[0063] FIG. 81 shows an H-clip, or mid-beam 4-way adap-
tor;
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[0064] FIGS. 82 and 83 show one embodiment of a mid-
beam 4-way adaptor for mid-beam stacking and bracing,
according to the invention;

[0065] FIGS. 84-86 depicts various mid-beam adaptors;
according to the invention;

[0066] FIG. 87 shows a mid-beam lateral stacking adaptor
and corner stacking adaptors, according to the invention;
[0067] FIG. 88 shows another embodiment for a lateral
spacing and mid-beam stacking adaptors, according to the
invention;

[0068] FIG. 89 depicts a flush corner adaptor, according to
the invention;
[0069] FIGS. 90-92 depict the transition assembly between

adjacent modules, according to the invention;

[0070] FIGS. 93-98 depict the modular building envelope,
according to the invention;

[0071] FIG. 99 depicts use of modules of differing length in
the same building, according to the invention; and

[0072] FIG.100is an exploded view of a modular building,
showing a corner window/door and lateral cross bracing
embedded inside a wall, according to the invention.

SUMMARY OF THE INVENTION

[0073] Inone ofits aspects, the invention provides a struc-
turally self-supporting cuboid module comprising a cuboid
framework of vertical corner columns interconnected by hori-
zontal beams defining a bottom floor frame, a top ceiling
frame, and four side wall frames; a floor disposed in the floor
frame; a ceiling disposed in the ceiling frame; and receiving
means at each end of each column for receiving one of a
plurality of adaptors.

[0074] The cuboid framework may be 8 feet wide, 40 feet
long, and 9.5 feet high. The floor may be manufactured of
steel, which may have a concrete layer on its upper surface, or
the floor may be manufactured of pre-stressed, pre-cast con-
crete.

[0075] At least one intermediate column may extend
between the ceiling frame and the floor frame between adja-
cent corner columns. There may be a wall disposed in each of
the one or more wall frames. Each wall may comprise a
plurality of spaced studs and drywall attached to the inner side
of'the studs and panels attached to the outer side of the studs.
Each wall further may comprise at least one window. Each
wall may further comprise at least one door.

[0076] A building envelope may be connected to the outer
side of at least one wall. A roof assembly may be connected to
the outer side of the ceiling frame.

[0077] One or more components of an electrical distribu-
tion system may be disposed within the framework, the elec-
trical components selected from the group of electrical com-
ponents consisting of electrical breaker panels, light fixtures,
switches, dimmers, plugs, fans, appliances, air handlers, heat
pump components, furnaces, electric baseboards, electric
fireplaces, thermostats and controls.

[0078] One or more components of a plumbing system may
be disposed within the framework, the plumbing components
selected from the group of plumbing components consisting
of'toilets, sinks, waste disposal units, hot water tanks, wash-
ers, dryers, hot and cold water distribution conduits, faucets,
baths and showers.

[0079] Heating, ventilation and air conditioning units and
air distribution ducting may be disposed within the frame-
work.
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[0080] One or more finishing elements, the finishing ele-
ments selected from the group of finishing elements consist-
ing of paint, wallpaper, carpeting, flooring, baseboards, cabi-
netry, tiling, countertops, trim, and appliances may be
disposed within the framework.

[0081] A fire-rated drywall membrane may be installed
along the inner and outer surfaces of the framework. All
elements of the module may be non-combustible.

[0082] In another aspect, the invention provides a modular
building system comprising a plurality of the structurally
self-supporting cuboid modules described herein; and a plu-
rality of adaptors, each adaptor attachable to one end of a
column of a module for interconnection of each module to at
least one horizontally adjacent or vertically adjacent other
module, roof assembly, balcony, foundation or corridor, each
adaptor selected from the group of adaptors comprising trans-
portation adaptors, foundation adaptors, corner adaptors, lat-
eral spacing adaptors, roof adaptors, balcony adaptors, corri-
dor adaptors, H-clips, mid-component adaptors, and flush
corner adaptors.

[0083] The system may include an online planning soft-
ware tool for designing, modelling and pricing a building.
[0084] Each module may have the same dimensions, or a
plurality of modules of differing lengths may be intercon-
nected. The system may include a foundation having a plu-
rality of foundation anchors for receiving foundation adap-
tors connected to the lowermost columns.

[0085] The system may include corner adaptors and lateral
spacing adaptors to connect horizontally adjacent modules a
desired horizontal distance apart. It may also include corner
adaptors and spacers to connect vertically adjacent modules a
desired vertical distance apart.

[0086] The system may include roof assemblies attached to
the uppermost columns using roof adaptors.

[0087] One or more balconies may be attached between
vertically adjacent modules using balcony adaptors. One or
more corridors may be attached between horizontally adja-
cent modules using corridor adaptors.

[0088] Seismic bracing may be disposed within at least one
corridor or floor structure of one or more modules.

[0089] A plurality of conduits may be disposed within one
or more beams for interconnection of electrical or mechanical
components between adjacent modules. A system of colour
coding may be used to distinguish among the plurality of
functionally distinct adaptors.

[0090] Sheathing may be attached between adjacent mod-
ules. Insulation and building envelope may be installed on the
exterior of the building. Interlocking, insulated wall panels
may be attached to the exterior walls of the outer modules of
the building, the wall panels having a flashing having a foam
insulation therein, the foam compressible between vertically
adjacent modules to form a water resistant and airtight con-
nection between modules.

[0091] A foam or rubber strip may be disposed along one or
more of the outer sides of the columns, the strip compressible
between horizontally adjacent modules to form a water resis-
tant and airtight connection between modules.

[0092] The system of the invention may allow a first modu-
lar building to be assembled, then disassembled and reas-
sembled into a second modular building of the same or dif-
ferent design at the same or different building site.

[0093] Inanother of its aspects, a method of constructing a
building, may comprise the steps of assembling a plurality of
the structurally self-supporting cuboid modules as described
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herein at a manufacturing facility; transporting the modules
to a construction site; assembling the modules into a building
on a foundation using a plurality of specialized adaptors for
interconnection of modules, each adaptor attachable to one
end of a column of a module for interconnection of each
module to at least one horizontally adjacent or vertically
adjacent other module, roof assembly, balcony, foundation or
corridor, each adaptor selected from the group of adaptors
comprising transportation adaptors, foundation adaptors, cor-
ner adaptors, lateral spacing adaptors, roof adaptors, balcony
adaptors, corridor adaptors, H-clips, mid-component adap-
tors, and flush corner adaptors; interconnecting components
ofelectrical, plumbing, heating, ventilation and other systems
between adjacent modules; applying sheathing to brace adja-
cent modules; applying waterproof membranes to the exterior
walls of the building; applying insulation to the exterior walls
of the building; installing flashing on the top of each module,
the flashing having a compressible gasket tape for sealing the
space between vertically adjacent modules; and installing
compressible strips along columns between horizontally
adjacent modules.

[0094] Transportation adaptors may be installed into the
receptors of the columns for use during transportation of the
modules to a building site.

DETAILED DESCRIPTION OF THE INVENTION

[0095] According to one embodiment of the present inven-
tion, there is provided a modular building system comprising
individual building modules manufactured and assembled at
a manufacturing facility. The modules and related modular
components are optimized for transportation, and are trans-
ported to a building site by conventional ocean, rail, air and
truck delivery systems using temporarily attached standard
ISO shipping adaptors. Once on site, the modules may be
modularly assembled into conventional-looking buildings.
[0096] The individual modules are the core units of the
modular building system of the present invention. Buildings
may be assembled by attaching together a plurality of the
structurally self-supporting modules. The modules may be
attached horizontally adjacent to one another, stacked verti-
cally above and below one another, or both horizontally
attached and vertically stacked using a variety of specialized,
interchangeable adaptors between adjacent and stacked mod-
ules. The modules may also be offset horizontally, vertically
or perpendicularly to one another.

[0097] Ina preferred embodiment of the present invention,
each module 2 is manufactured using steel columns 4 and
beams 6 welded to form an open framework, as may be seen
in FIGS. 1-23, which depict a plurality of such modules.
Preferably, each module is approximately 8 feet wide by 40
feet long by 9.5 feet high, although other dimensions are also
within the scope of the invention. The ceiling preferably is
constructed of conventional steel deck. Preferably, the floor
10 is constructed of steel deck 12 and may be covered with
concrete 14, as shown in FIGS. 5 and 24. Alternatively, pre-
cast, pre-stressed concrete may be used for the floor assembly
between the steel floor beams. The resulting basic module is
an open structure with a ceiling structure, a floor structure
parallel to the ceiling structure, and four corner columns, each
column joining one corner of the ceiling structure to a corre-
sponding corner of the parallel floor structure. Each of the
corner columns includes receiving means 16 on each end for
receiving one of a variety of corner adaptors. Optionally,
intermediate columns 18 may be desirable between the corner
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columns, depending on the structural requirements of the
building, including length and load requirements.

[0098] Walls 20 may be constructed along the sides of each
module between the columns using steel studs, drywall, pan-
els, windows and doors. One or more sides of each module
may be left open where multiple modules are to be connected
together to form a living space larger than 8 feet by 40 feet,
such as an apartment or single family home, or a commercial
space such as an office or live-work studio. Further, a plurality
of modules may be assembled into a multi-level installation
such as a hospital or penal institution. Where fire rating and
non-combustible construction are of less importance, for
example, single or some forms of multi-family housing, wood
beams and other structural wood components may be used in
one or more walls, or ceilings, or floors.

[0099] Each basic module, comprising a ceiling, a floor,
columns and walls may be finished at a factory prior to trans-
portation to a building site. Numerous elements may be
installed in each basic module at the factory. These elements
include interior and exterior walls, floors, ceilings, building
envelope and roof assemblies. These may also include wall
coverings, carpeting, flooring and other finishes.

[0100] Another element which may be added to each mod-
ule at the factory is the electrical distribution system, includ-
ing the electrical breaker panel, lighting and light fixtures,
switches, dimmers, plugs, fans, appliances, air handlers, heat
pump components, furnaces, electric baseboards and fire-
places, thermostats and controls.

[0101] Similarly, the plumbing system may be pre-installed
in the factory. Plumbing distribution and connections
installed may include all plumbing fixtures including toilets,
sinks, waste disposal units, hot water tanks, washers, dryers,
hot and cold water distribution conduits, faucets, baths and
showers. All of the plumbing components may be connected
to hot and cold water mains and risers and drainage, as
desired.

[0102] The heating, ventilation and air conditioning units
and air distribution ducts and associated electrical connec-
tions may also be installed in the factory.

[0103] Ceiling, floor and wall finishes including paint,
wallpaper, floor coverings and baseboards may be pre-in-
stalled in the factory, as may all cabinetry including kitchen,
bathroom, laundry, and closet or storage cabinetry. Further,
any tiles, marble, granite, bathroom and kitchen countertops,
and accessories may also be added in the factory, along with
doors, windows, trim and other surface finishes. Kitchen,
laundry and any other appliances may also be pre-installed in
the factory.

[0104] Once all structural components have been added in
the factory, a fire-rated drywall membrane may be factory
installed over all structural components to achieve the
required fire rating. The fire rated drywall may be installed
prior to the ceiling finish. The perimeter drywall will also
contribute to achieving the required fire rating standard
between apartments. The ceiling and floor assembly with the
drywall on the lower apartment and concrete on the floor of
the upper apartment provides vertical fire rated separations
between apartments. Fire stops, as required, may be inserted
in the walls between apartments where there is a space
between adjacent apartments. Electrical wiring may be run
internal or external to the fire-rated membrane. A decorative
layer such as an additional drywall ceiling finish may be
applied over the electrical wiring, plumbing and heating,
ventilation and air conditioning equipment. Preferably, all
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material used in construction of the modules is non-combus-
tible to obtain a non-combustible classification for the modu-
lar building system of the present invention. However, com-
bustible materials may also be used if desired.

[0105] Themodules ofthe present invention are engineered
and designed to comply with Canadian and US building
codes, and are manufactured to accept required certification
and labels. Modification of the modules to comply with other
building codes and required certification and labelling
requirements is within the scope of the present invention.
[0106] At the building site, the modules may be assembled
onto a foundation, laterally spaced and secured, and stacked
into desired configurations, as depicted in FIGS. 1-23 which
show a two-story building, FIGS. 25-28 which show a 6
storey building, FIGS. 29 and 30 which show a multi-storey
building with at least some modules oriented perpendicular to
adjacent modules, FIGS. 31-35 which show a 4-storey build-
ing incorporating third-party modular structures, and FIGS.
36 and 37 which show another embodiment of a 2 storey
building.

[0107] Modules of the present invention may be designed
to be interconnectable to form a wide variety of apartment
types using a limited number of module types. For example,
the kitchen or bath module of the present invention may be
substantially similar for a range of apartment types including
a studio apartment, a 1 bedroom apartment, a 2 bedroom
2-storey apartment, a 3 bedroom apartment, or other apart-
ment configurations.

[0108] Each module is constructed with corners having
corner receptors, as shown in FIG. 38-40, adaptable to spe-
cialized corner adaptors. Individual modules may be con-
nected to horizontally adjacent and vertically stacked mod-
ules using selected function-specific adaptors.

[0109] The corner adaptors are interchangeable and are
adapted for a number of potential purposes. For example,
transportation adaptors 24, as shown in FIGS. 41-43, may be
attached to modules for shipping using methods associated
with standard ISO handling and transportation, as depicted in
FIGS. 44-48. Once on a building site, these adaptors may be
removed and specialized corner adaptors may be attached to
the modules for specific purposes consistent with the function
and location of a particular module within the building struc-
ture.

[0110] One of the specialized adaptors is a foundation
adaptor 26, depicted in FIGS. 49-51. Foundations are pre-
pared with foundation anchors installed onto the top of the
foundation wall. Foundation adaptors are used to connect the
columns of the module to the foundation anchors.

[0111] Corner adaptors 28 have tapered ends and are
designed to self guide themselves to precisely fit into the
corner receptors. Foundation adaptors use the corridor com-
ponents to precisely space and self-align the core modules.
Corridor components have precisely located receptor holes
into which the foundation adaptors self guide themselves, and
are then locked into position.

[0112] Corneradaptors and lateral spacing adaptors 30 may
beused to connect columns of horizontally adjacent modules.
Embodiments of lateral spacing adaptors are depicted in
FIGS. 52-56.

[0113] In addition, corner adaptors, as shown in FIGS.
57-58, may be used to connect one module to a vertically
adjacent module at the corners of the building. Another com-
ponent of the system of the present invention is a vertical
spacer, as shown in FIG. 59. The vertical spacer may be used
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to provide a properly vertically spaced connection between
columns. Vertical connections may be formed by combining
a corner adaptor with a spacer, as shown in FIG. 60, or a
corner adaptor with a lateral adaptor, and may be used to
connect columns of vertically and/or horizontally adjacent
modules.

[0114] Inanalternate embodiment, vertical columns which
are smaller than ISO corner adaptors 34, preferably 5" by 5",
may be used in the corners, in which case the ISO corner
adaptors may overlap smaller horizontal beams 36 at each end
of'the module, as shown in FIGS. 61-67. The corner adaptors
may rest on the steel plate which overlaps the smaller steel
beam of this embodiment, as shown in FIG. 63, thereby
eliminating the need to provide notches in the end beams for
proper placement and alignment of the ISO corner adaptor to
ensure it is flush to the exterior of the module. In addition, the
use of smaller diameter end beams avoids the need for sleeves
in the end beams as there is a substantial space provided
between the end beam of the ceiling and the adjacent end
beam of the floor in the module above.

[0115] Similarly, while modules may be laterally joined
with no space between adjacent modules, it is also possible to
separate modules a desired distance. A fixed lateral spacing
adaptor 30 may be attached between adjacent lateral corner
columns to determine precisely the distance between adjacent
modules. The lateral spacer is designed to be placed onto the
corner adaptors to provide precise spacing and a secure con-
nection between adjacent modules. The space between adja-
cent modules can be set to custom dimensions to suit particu-
lar requirements of each specific building by selecting a
spacer of the appropriate length. Shims 40 may be used on the
other adaptors to match the vertical alignment of the lateral
spacing adaptors.

[0116] Balcony adaptors 42 may be used to connect a bal-
cony floor 44 to a corner adaptor between vertically con-
nected modules, as shown in FIGS. 68-70. The building enve-
lope is first applied, and then the balcony structure is bolted to
the balcony adaptors through holes in the installed exterior
finish. A balcony can be extended seamlessly across multiple
modules. The balcony adaptor design minimizes thermal
bridging between the balcony and the building structure. A
modular balcony structure 46 may be bolted directly to the
corner columns of a core module, as shown in FIGS. 72 and
73. By this method the balcony can be attached to the core
module prior to the core modules installation.

[0117] Roofparapets or roof trusses 48 may be attached to
the modules using roof adaptors 50 connectable to the corner
adaptors and beams, as shown in FIG. 71. Alternatively, these
may be attached to other parts of the structure.

[0118] Interior or exterior corridors 52 and walkways may
be attached to the modules using corridor adaptors. A spine 54
for seismic bracing may be constructed for every floor of an
apartment building by including bracing in a horizontal fash-
ion within each corridor or walkway floor structure as shown
in FIGS. 74 and 75. According to one embodiment, bracing
may be structural diagonally configured steel bars 56
installed inside of stud walls between columns for lateral
bracing where required, as shown in FIG. 76. Other bracing
structures may include diagonal sheathing bracing or other
bracing. Additional cross-bracing may be custom designed
into specific building components, including but not limited
to stairway and elevator enclosing walls. Additionally, steel
plate sheathing may be welded to the exterior of the module
structure to provide a lateral structural support, in place of
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cross bracing and exterior sheathing. This steel sheathing
may also provide structural strength and weather proofing
during transportation and erection of a building.

[0119] According to one embodiment of the invention, as
depicted in FIGS. 77-78, discreet in-wall bracing may be used
whereby a flat steel bar 80 may be permanently welded to an
exterior wall of a module in the same plane as the exterior
surface of the structural beams and columns. A steel stud wall
82 structure may be assembled directly inside the steel bars,
and a panel 84 of equivalent thickness may be attached to the
steel studs on the exterior of the module, in the same plane as
the steel bars, thereby creating a flat surface on both sides of
this wall. The panel may be drywall or other material. The
thickness of the flat steel bars and the panel may be Y4 inch or
other thickness.

[0120] To provide conduits for mechanical and electrical
services, steel cylinders 86 as shown in FIG. 79 may be
welded through structural beams and aligned at specific inter-
vals to permit passage of mechanical and electrical services
from one module to an adjacent module, as well as to run
services to the exterior or to a corridor, as shown in FIG. 80.
For example, heating ducts may be passed through floor
sleeves between adjacent modules within a given apartment,
or air ducts may be run from one module to a common area
hallway or to the exterior.

[0121] Other adaptor components of the system include
H-clips, shown in FIGS. 81-83, for connecting four parallel
beams; mid-component adaptors shown in FIGS. 84-88, for
connecting adjacent modules other than at a corner; and flush
corner adaptors, shown in FIG. 9, for rendering a corner
receptor flush.

[0122] A system of colour-coding, or other means, may be
employed to associate each adaptor with its corresponding
receptors. Such a system is intended to help eliminate misfit
errors.

[0123] As shown in FIGS. 90-92, once the modules have
been assembled and set into place using variable width lateral
spacers, the resulting open space between modules may be
completed and finished using specially designed transition
assemblies, including floor, ceiling, wall and exterior transi-
tions. Sheathing is attached between adjacent modules once
assembled, and then insulation and the building envelope may
be applied on top of the sheathing on the transitions and
module exteriors. A building envelope, including exterior
walls, weather proofing and insulation, can be installed on the
modules, in the factory or on the ground on the building site,
prior to the erection/assembly of the modules, as depicted in
FIGS. 93-98. Interlocking, insulated wall panels are attached
to the exterior walls of the modules along with a specially
designed flashing 87 that includes a compressible insulating
material such as foam attached to the flashing. The flashing
may be installed on site (slipped between the wall panel and
the module sheathing) or in the factory. Upon installation of
one module above another, the flashing at the bottom of the
upper module overlaps the lower module, and the foam com-
presses to create a water resistant and airtight connection
between the vertically attached modules. Additionally, a
compressible foam or rubber strip may be attached to the side
edges of the insulated panels to seal the joints between later-
ally attached modules.

[0124] According to another embodiment of the invention,
the waterproof membrane, insulation and building envelope
finish on the core modules’ exterior faces may be installed at
a factory, and on site a continuous flashing to the top of each



US 2013/0305629 Al

installed core module may be applied. A compressible gasket
tape with peel and stick tape on each side of the gasket may
then be applied to the top of the flashing. Another core module
may be lowered and assembled onto the lower module having
the flashing and gasket, thereby compressing the gasket to
form a watertight seal between the vertically assembled core
modules. This process may be repeated for each of the exte-
rior core modules of the building.

[0125] Main electrical panels are factory installed in one of
the modules and this main module is completely wired in the
factory. A conduit is brought to an area in the ceiling next to
the location of the electrical connections of the adjacent sec-
ondary module. Each module has a removable ceiling panel
that allows access to the wiring connections in the ceiling.
The pre-wired electrical ends in the secondary module are run
through two sets of adjacent sleeves and into an electrical box
in the ceiling of the main module. Corresponding wires are
run in the conduit to the main electrical panel where circuit
breakers are installed. The connections in the ceiling connec-
tion box are spliced and the ceiling panels in each of the
adjacent modules are replaced. Alternatively, a conduit may
not be required, and wires may be brought from breakers in
the electrical panel, left loose in the ceiling adjacent the sleeve
in the floor or ceiling, and then passed through the sleeve and
connected in the junction box of the adjacent module once the
modules are assembled next to another. The location of the
junction box can be interchanged between modules as
desired.

[0126] Plumbing drains, vents and water supply risers and
sprinkler components are factory installed in each module as
designed. Preferably, these are brought to a utility closet
where connections to utility mains may be brought for con-
nection to the module. All plumbing fixtures inside the mod-
ules have been factory installed and the drains and water
supplies have been brought to the utility closet for quick and
simple connection. Alternatively plumbing risers can be
installed in the space between adjacent apartments and then
concealed using modular panels or components.

[0127] Although intended to be permanent, the building
system is also designed to be dismantled, moved to another
location and re-assembled. All structural components are
designed to be interconnected on site, rather than welded
together. The major part of the building can be dismantled and
re-used, including the building envelope. Thus, a building can
be amortized over a desired period of time, then removed, and
will yield a residual value through reuse or sale of the mod-
ules.

[0128] In one embodiment, modules of differing lengths
may be stacked in a building, as shown in FIG. 99.

[0129] Inanother ofits aspects, as illustrated in FIGS. 31 to
35, the invention comprises a self supporting framework 90
which can be created using the corner columns and adaptors
of the present invention to contain third-party manufactured
units 92 such as trailers or mobile homes which normally are
not designed to be stackable, interconnected, or even to be
used as building components. Once the corner columns are
securely attached to these units, and properly braced, this
self-supporting entity can become a modular, self-supporting
component of a building constructed from the modules of the
present invention. The building structure incorporating the
third-party units may be finished in the manner previously
described for modular buildings not containing third-party
units, by attaching modules side by side, and vertically, secur-
ing the connections, attaching corridors, walkways, roofing,
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balconies, insulation, exterior cladding, and the other com-
ponents described above. In another aspect, windows 94 may
be placed in corners of one or more modules, with adjacent
in-wall bracing 96, as shown in FIG. 100.

[0130] For transportation, temporary ISO shipping adap-
tors 96 (or non-1SO shipping adaptors 98) may be added to the
corner receptors of the modules. These shipping adaptors are
removed at the building site and replaced with a variety of
specialized adaptors, each designed for a specific function
[0131] Asshown in FIGS. 44-48, temporary flat steel brac-
ing 100 with optional turnbuckle adjustment may be installed
on each side of each module for additional rigidity during
transportation, where thick steel sheathing has not been used
for lateral bracing and support of intermediate columns.
Threaded rods secured with couplings and nuts may be used
instead of turnbuckles and flat steel. Optionally, for closed
walls, cross bracing may be installed for transportation pur-
poses and left in the wall permanently for the purpose of
structural lateral bracing. Temporary steel bracing may also
be used for open sides and the ends of modules where doors
and windows are installed. Other transportation bracing
methods may also be used.

[0132] Temporary covering of any openings 102, or the
entire core modules, is desirable for transportation and site
assembly until the modules have been assembled into a build-
ing and the roof has been completed. The preferred embodi-
ment for such covering is use of a customized tarp fastenable
to the steel frame of the module using specialized spaced
grommets. The edges of the tarp may be inserted under a
flashing extending from the roof and sides of the module. A
vertical zipper with pull tabs on both sides may be incorpo-
rated into the tarp for access to either side of the module for
removal of the tarp. Conventional truck tarp material may be
used. Other methods of temporarily covering the modules
during transportation and installation are also possible,
including use of disposable shrink wrap plastic sheets to
protect the modules from water infiltration.

[0133] Temporary protective coverings may not be
required for all walls. These walls may be factory fitted with
water proof sheathing and any doors and windows in these
walls may be factory sealed.

[0134] Buildings constructed with the modular technology
of'the present invention typically may be installed on conven-
tional concrete foundations, but other foundations are also
possible. Once a building has been erected, building utilities
may be connected to selected modules as desired. Building
components such as balconies, stairs, corridor components,
roof or canopies and other components also may be con-
nected to one or more of the modules with the specialized
adaptors, or directly to the beams and columns. Each of the
modules of the present invention is a factory-finished living
space component, completely finished and serviced and
ready to be incorporated into the building for which it is
designed.

[0135] In a preferred embodiment, the modular building
system of the present invention is designed for low-rise, mid-
rise and high-rise residential and commercial buildings, but
other embodiments of the invention may be adapted for use in
all kinds of construction, including but not limited to single
family housing.

[0136] The modular building system of the present inven-
tion provides several improvements to prior art construction
technologies. One of these is the self-supporting open struc-
ture design that allows a flexible arrangement of open space
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design, window and door placement, and building envelope
finish. In addition, the building system of the present inven-
tion provides novel, precise, quick and efficient connection
means between modules.

[0137] The building system of the present invention maxi-
mizes the proportion of finishing which is completed at the
factory, as opposed to the building site. Specialized produc-
tion jigs may be designed to achieve economies of scale and
to standardize the fabrication of core modules, corner adap-
tors and other factory assembly processes as required.
[0138] Installation tools for quick onsite building assem-
bly, such as self-levelling lifting attachments that quickly
attach and release core modules. Other specialized tools may
be designed to improve speed of assembly or as otherwise
required.

[0139] The building system of the present invention is not
inherently limited in building height or size as are some prior
art technologies.

[0140] Transportation of building modules is optimized
under the building system of the present invention. The sys-
tem provides the ability to adapt to the ISO transportation grid
at the most cost effective transportation rates. The use of ISO
standards renders the system economically feasible for trans-
portation globally across oceans and continents. This ease of
transportation permits manufacturing to take place in loca-
tions where the cost of manufacturing and labour is lower,
thereby reducing manufacturing costs.

[0141] For transportation, the entire module may be cov-
ered with a tarp or plastic wrap with easy to operate enclo-
sures such as zippers, Velcro or shrink wrap bonding.

[0142] Apartment building construction can be completed
in a fraction of the time required to build conventional build-
ings. By reducing on-site time and labour, overall costs may
be reduced, and costs and construction time can be more
accurately budgeted. The ability for adjustable transitions
maximizes the floor area of a building that may be developed.
Construction testing has demonstrated erection of one mod-
ule above a second module may be completed in an average
time of 5 minutes.

[0143] Thepresent invention also produces a highly precise
building with as little as ¥icth of an inch tolerance at each
corner.

[0144] The system of the present invention is easily adapt-
able to sustainable technologies, including grey water re-use,
geo-thermal, solar technologies and other emerging green
building technologies.

[0145] In another of its aspects, the building system of the
present invention includes an interactive building planning
software tool which may be made available online via the
Internet. The building planning software offers drag and drop
tools for users to assemble building models from a selection
of standard building system components. The user may con-
figure a mix of apartment types and floor layouts. The result-
ing building model may be viewed and rotated in three dimen-
sions.

[0146] Theuser may save the building design by registering
and logging into an account created in a client relationship
management database. The software will calculate an esti-
mated cost for the building designed, based on the total cost of
the required components. Orders may be generated using this
software, and the orders may be tracked. All building system
components may also be tracked on site using a bar code
scanner, and may be associated with the portion of the build-
ing they are designed for.
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[0147] Itis to be expressly understood that variations from
the embodiments of the invention as described are within the
scope of the invention.

1. A structurally self-supporting cuboid module compris-
ing:

a cuboid framework of vertical corner columns intercon-
nected by horizontal beams defining a bottom floor
frame, a top ceiling frame, and four side wall frames;

a floor disposed in the floor frame;

a ceiling disposed in the ceiling frame; and

receiving means at each end of each column for receiving
one of a plurality of adaptors.

2. The module of claim 1, wherein the cuboid framework is

8 feet wide, 40 feet long, and 9.5 feet high.

3. The module of claim 1, wherein the floor is manufac-
tured of steel.

4. The module of claim 3, wherein the steel floor further
comprises a concrete layer on its upper surface.

5. The module of claim 1, wherein the floor is manufac-
tured of pre-stressed, pre-cast concrete.

6. The module of claim 1, further comprising at least one
intermediate column extending between the ceiling frame
and the floor frame between adjacent corner columns.

7. The module of claim 1, further comprising a wall dis-
posed in each of the one or more wall frames.

8. The module of claim 7, wherein each wall comprises a
plurality of spaced studs and drywall attached to the inner side
of'the studs and panels attached to the outer side of the studs.

9. The module of claim 8, wherein each wall further com-
prises at least one window.

10. The module of claim 8, wherein each wall further
comprises at least one door.

11. The module of claim 8, further comprising a building
envelope connected to the outer side of at least one wall.

12. The module of claim 8, further comprising a roof
assembly connected outer side of the ceiling frame.

13. The module of claim 8, further comprising one or more
components of an electrical distribution system disposed
within the framework, the electrical components selected
from the group of electrical components consisting of elec-
trical breaker panels, light fixtures, switches, dimmers, plugs,
fans, appliances, air handlers, heat pump components, fur-
naces, electric baseboards, electric fireplaces, thermostats
and controls.

14. The module of claim 8, further comprising one or more
components of a plumbing system disposed within the frame-
work, the plumbing components selected from the group of
plumbing components consisting of toilets, sinks, waste dis-
posal units, hot water tanks, washers, dryers, hot and cold
water distribution conduits, faucets, baths and showers.

15. The module of claim 8, further comprising heating,
ventilation and air conditioning units and air distribution
ducting disposed within the framework.

16. The module of claim 8, further comprising one or more
finishing elements, the finishing elements selected from the
group of finishing elements consisting of paint, wallpaper,
carpeting, flooring, baseboards.

17. The module of claim 8, further comprising one or more
finishing elements selected from the group of finishing ele-
ments comprising cabinetry, tiling, countertops, trim, and
appliances.

18. The module of claim 8, further comprising a fire-rated
drywall membrane installed along the inner and outer sur-
faces of the framework.
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19. The module of claim 8, wherein all elements are non-
combustible.

20. A structurally self-supporting cuboid module compris-
ing:

a cuboid framework 8 feet wide, 40 feet long, and 9.5 feet
high of vertical corner columns interconnected by hori-
zontal beams defining a bottom floor frame, a top ceiling
frame, and four side wall frames;

receiving means at each end of each column for receiving
one of a plurality of adaptors.

a floor disposed in the floor frame;

a ceiling disposed in the ceiling frame;

awall disposed in each of the one or more wall frames, each
wall having a plurality of spaced studs and drywall
attached to the inner side of the studs and panels attached
to the outer side of the studs;

at least one window in at least one wall;

at least one door in at least one wall;

a building envelope connected to the outer side of at least
one wall;

a roof assembly connected to the outer side of the ceiling
frame;

one or more components of an electrical distribution sys-
tem disposed within the framework, the electrical com-
ponents selected from the group of electrical compo-
nents consisting of electrical breaker panels, light
fixtures, switches, dimmers, plugs, fans, appliances, air
handlers, heat pump components, furnaces, electric
baseboards, clectric fireplaces, thermostats and con-
trols;

one or more components of a plumbing system disposed
within the framework, the plumbing components
selected from the group of plumbing components con-
sisting of toilets, sinks, waste disposal units, hot water
tanks, washers, dryers, hot and cold water distribution
conduits, faucets, baths and showers;

heating, ventilation and air conditioning units and air dis-
tribution ducting disposed within the framework;

one or more finishing elements, the finishing elements
selected from the group of finishing elements consisting
of paint, wallpaper, carpeting, flooring, baseboards,
cabinetry, tiling, countertops, trim, and appliances; and

afire-rated drywall membrane installed along the inner and
outer surfaces of the framework.

21. A modular building system comprising

a plurality of the structurally self-supporting cuboid mod-
ules of claim 1; and

a plurality of adaptors, each adaptor attachable to one end
of a column of a module for interconnection of each
module to at least one horizontally adjacent or vertically
adjacent other module, roof assembly, balcony, founda-
tion or corridor, each adaptor selected from the group of
adaptors comprising transportation adaptors, founda-
tion adaptors, corner adaptors, lateral spacing adaptors,
roof adaptors, balcony adaptors, corridor adaptors,
H-clips, mid-component adaptors, and flush corner
adaptors.

22. The modular building system of claim 21, further com-
prising an online planning software tool for designing, mod-
elling and pricing a building.

23. The modular building system of claim 21, wherein each
module has the same dimensions.

24. The modular building system of claim 21 wherein a
plurality of modules of differing length are interconnected.
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25. The modular building system of claim 21, further com-
prising a foundation having a plurality of foundation anchors
for receiving foundation adaptors connected to the lowermost
columns.

26. The modular building system of claim 21, wherein
corner adaptors and lateral spacing adaptors are used to con-
nect horizontally adjacent modules a desired horizontal dis-
tance apart.

27. The modular building system of claim 21, wherein
corner adaptors and spacers are used to connect vertically
adjacent modules a desired vertical distance apart.

28. The modular building system of claim 21, further com-
prising roof assemblies attached to the uppermost columns
using roof adaptors.

29. The modular building system of claim 21, further com-
prising one or more balconies attached between vertically
adjacent modules using balcony adaptors.

30. The modular building system of claim 21, further com-
prising one or more corridors attached between horizontally
adjacent modules using corridor adaptors.

31. The modular building system of claim 31, further com-
prising seismic bracing disposed within at least one corridor
or floor structure of one or more modules.

32. The modular building system of claim 21, further com-
prising a plurality of conduits disposed within one or more
beams for interconnection of electrical or mechanical com-
ponents between adjacent modules.

33. The modular building system of claim 21, wherein a
system of colour coding is used to distinguish among the
plurality of functionally distinct adaptors.

34. The modular building system of claim 21, further com-
prising sheathing attached between adjacent modules.

35. The modular building system of claim 21, further com-
prising application of insulation and building envelope to the
exterior of the building.

36. The modular building of claim 21, further comprising
interlocking, insulated wall panels attached to the exterior
walls of the outer modules of the building, the wall panels
having a flashing having a foam insulation therein, the foam
compressible between vertically adjacent modules to form a
water resistant and airtight connection between modules.

37. The modular building system of claim 21, further com-
prising a foam or rubber strip along one or more of the outer
sides ofthe columns, the strip compressible between horizon-
tally adjacent modules to form a water resistant and airtight
connection between modules.

38. The modular building system of claim 21, wherein a
first modular building may be assembled, then disassembled
and reassembled into a second modular building of the same
or different design at the same or different building site.

39. A method of constructing a building, comprising the
following steps:

assembling a plurality of the structurally self-supporting

cuboid modules of claim 1 at a manufacturing facility;
transporting the modules to a construction site;
assembling the modules into a building on a foundation
using a plurality of specialized adaptors for interconnec-
tion of modules, each adaptor attachable to one end of a
column of a module for interconnection of each module
to at least one horizontally adjacent or vertically adja-
cent other module, roof assembly, balcony, foundation
or corridor, each adaptor selected from the group of
adaptors comprising transportation adaptors, founda-
tion adaptors, corner adaptors, lateral spacing adaptors,
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roof adaptors, balcony adaptors, corridor adaptors,
H-clips, mid-component adaptors, and flush corner
adaptors;
interconnecting components of electrical, plumbing, heat-
ing, ventilation and other systems between adjacent
modules;
applying sheathing to brace adjacent modules;
applying waterproof membranes to the exterior walls of the
building;
applying insulation to the exterior walls of the building;
installing flashing on the top of each module, the flashing
having a compressible gasket tape for sealing the space
between vertically adjacent modules; and
installing compressible strips along columns between hori-
zontally adjacent modules.
40. The method of claim 39, further comprising insertion of
transportation adaptors for use during transportation of the
modules to a building site.
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