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Description

[0001] Thisinvention concerns improvements in or re-
lating to modular buildings and to a building system for
constructing such modular buildings.

[0002] In my UK patent application N0.2415444, | de-
scribe a modular building comprising box-shaped mod-
ules that are prefabricated and tested off-site and then
transported to the building site where they are assembled
to form the modular building. This eliminates a large pro-
portion of on-site building and increases the speed of
construction of the building.

[0003] The modulesareremovably mountedinaframe
that provides support for external cladding and roofing
of the building to form the weatherproof exterior. The ex-
ternal cladding may be removable to allow access to the
modules for removal and insertion of the modules. Ac-
cordingly, the necessity for tradesmen to enter the build-
ing is greatly reduced because tradesmen can gain ac-
cess to the modules from the exterior of the building by
removing the appropriate cladding.

[0004] The modular construction of my earlier applica-
tion provides flexibility for the design and construction of
buildings for any desired use and enables the building to
be adapted to suit changing requirements in a cost ef-
fective manner by adding new modules or exchanging
existing modules for new modules.

[0005] Ihave now discovered thatthe principle of using
a modular construction can be extended with advantage
to other types of buildings. Thus, in one aspect, the
present invention provides a building comprising a sup-
port frame and a plurality of prefabricated modules re-
ceived inthe support frame, the modules being floor mod-
ules to form a floor and/or roof modules to form a roof.
[0006] Using pre-fabricated modules to form the floor
and/or roof of the building produces an open-plan layout
that can then be fitted out according to the design re-
quirements of the building by the use of modular rooms
as described in my afore-mentioned earlier patent appli-
cation or by conventional building methods using partition
walls to divide up the floor area into different rooms or
sections as appropriate. In this way, the floor and roof
can be constructed off-site and brought to the site for
installation in the support frame by any suitable means.
[0007] The modules may be constructed to facilitate
installation of services such as pipework and wiring, for
example by the provision of channels or ducts to receive
the services. Alternatively or additionally, the modules
may be constructed with services built-in.

[0008] The modular system of the invention may be
employed in single or multi-storey buildings for any pur-
pose. For example, the invention lends itself to the con-
struction of wide range of different types and sizes of
buildings where an open plan area may be employed
including, but not limited to, supermarkets, hotels, shop-
ping arcades, airport concourses, laboratories, process
plants, hospitals, data and communication buildings,
schools, sports facilities, factories and the like.

10

15

20

25

30

35

40

45

50

55

[0009] From another aspect, the invention provides a
method of constructing a building comprising providing
a support frame for the building and inserting pre-fabri-
cated modules into the frame to produce a floor and/or
roof of desired size and shape.

[0010] The invention will now be described in more de-
tail, by way of example only with reference to the accom-
panying drawings.

Figure 1is a perspective view of a building according
to the invention;

Figure 2 is a perspective view similar to Figure 1 with
the external skin removed to show the support frame
and modular units;

Figures 3 to 6 show various stages in the construc-
tion of the building shown in Figures 1 and 2;

Figures 7 to 16 show parts of the modular floor sys-
tem;

Figures 17 to 22 show parts of the modular roof sys-
tem; and

Figure 23 shows part of a modular wall system.

[0011] Referring to Figures 1 and 2 of the drawings,
there is shown a building 10 according to the invention
of rectangular shape in plan view with an entrance 12 on
one side. It will be understood that the building could
have a shape other than rectangular, for example wedge
shaped in plan view, and that more than one entrance
may be provided.

[0012] The building 10 has a support frame 14 con-
structed and arranged to receive a range of pre-fabricat-
ed modular units. The support frame 14 may be made of
steel, timber, glass reinforced plastics, concrete, fibre
resin or other suitable materials including combinations
of different materials. In this embodiment, the modular
units include pre-fabricated floor modules in the form of
panels 16, pre-fabricated room modules 18 and 20, and
pre-fabricated roof modules in the form of panels 24 and
unit 25.

[0013] The floor panels 16 may be made of concrete,
optionally reinforced, although other materials could be
used such asresins, glass reinforced plastic, fibres, steel.
The floor panels 16 slide into openings in the external
wall of the support frame 14 on guides or runners (not
shown) to form the ground floor of the building 10. The
perimeters of the floor panels 16 may include a perimeter
frame (not shown) to allow the panels to be joined to-
gether and sealed if necessary to give a fully finished
floor module.

[0014] The floor panels 16 may be adapted for instal-
lation of service such as pipework or wiring. For example,
the floor panels 16 may be formed with channels or ducts
to receive the pipework or wiring. Alternatively, the floor
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panels 16 may be fabricated with the services installed.
Alternatively, the services can be saddled to the under-
side of the floor supports.

[0015] The floor panels 16 allow the building to be con-
structed with an open-plan floor area of any desired size
and shape. This area can be subdivided if into rooms or
smaller areas if desired by partitioning or similar conven-
tional methods. The use of floor panels 16 that slide into
the support frame 14 provides a simple and effective
method of constructing any lay-out of open-plan floor ar-
ea within the support frame to suit the requirements. Fur-
thermore, the lay-out can be altered and/or extended by
removing/replacing/adding floor panels 16, possibly with
extensions to the support frame where necessary.
[0016] The room modules 18 are similar to those de-
scribed in my earlier patent application and are slid into
openings in the external wall of the support frame 14 on
guides or runners to form an upper floor of the building.
The room modules 18 may be fitted out according to the
intended application of the room. Each module 18 may
be a self-contained room. Alternatively, two or more ad-
jacent modules 18 may form a single, larger room or suite
of rooms.

[0017] Theroom modules 20 are designed to slide into
openings in the external wall of the support frame 14 on
the ground floor after insertion of the floor panels 16 and
provide a quick and effective method of converting at
least some of the open-plan floor area for specific uses.
For example the room modules 20 may include pre-in-
stalled equipment for the intended application of the
room, for example kitchens, restaurants, fridge/freezers,
offices, bakeries, shop units, toilets, plant rooms etc.
Each module 20 may be a self-contained room. Alterna-
tively, two or more adjacent modules 20 may form a sin-
gle, larger room or suite of rooms. The room modules 20
can be installed at any desired locations and the lay-out
can be altered and/or extended by removing/replacing/
adding room modules 20, possibly with extensions to the
support frame 14 where necessary.

[0018] Modules 18,20 may arrive complete with any of
the following services:-

* Building Management Systems (BMS)

 Main buildings services spine

* Services inlets, outlets and infrastructure within
modules

* Centralised monitoring and control Building Man-
agement Systems (BMS) within their buildings and
structures.

* In addition to a network infrastructure being re-
quired, itis anticipated that BMS boxes and interface
panels will be generic removable 'plug & play’ style
devices with varying degrees of functionality that can
be tailored to user requirements.

« All modules may need to be interconnected via a
main buildings infrastructure spine and/or services
distribution zones. This may be achieved by using
"plug and play" devices.
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» Modules could have basic services or even con-
ceive a standard infrastructure cable loom that may
be used to build up in series a spine of any length
incorporating a style network.

» Modules could have electrical safeguards such as
‘dongle’ style devices and software keys so that only
compatible modules and systems modules can be
used within a building.

* Services infrastructure within the modules along
with provision of input / output devices and intercon-
nectivity to main building service spines may include,
but not be limited to, supply of electricity (high and
low voltage), telecoms, intranet, cabling, interfaces,
coaxial systems together with control interfaces and
mechanical circuit breakers along with any systems
required by established building standards such as
Pyro fire monitoring systems and security systems
that may be built in.

« Using a single composite cable for the most com-
mon services power, phone, data, communication
devices, monitoring, switching, in conjunction with a
generic wall mounted receptacle would allow the fit-
ting of different face plates depending upon which
service may be required from a particular outlet point,
even lighting units. Using these methods will result
in deskilling the installation and maintenance of serv-
ices within buildings.

« Additionally interfaces may be required with the
building service spine so that modules may be quick-
ly and easily connected / disconnected as they are
removed and upgraded or refurbished. Failsafe de-
vices can may be built into the module interconnect
solution. Power contacts within connectors to aid the
connecting up of modules or lanyard release and
stored energy release connectors as safeguards for
when removing modules.

« All wet services including such as water and waste
connections will be connected within the units ready
to be connected to main service riser or spine.

[0019] Referring now to Figures 3 to 6 of the drawings,
various stages in the construction of the building are
shown. For convenience, part only of the building is
shown. Figure 3 shows the steel support frame 14 erect-
ed on a foundation 22. Figure 4 shows the installation of
the floor panels 16 by sliding into in the support frame 14
to form the open plan ground floor area of the building.
The floor panels 16 can be overlaid to provide any type
of floor finish for the intended application thereby achiev-
ing a complete uninterrupted monolithic finish, for exam-
ple vinyl, carpet, wood or the like.

[0020] Figure 5 shows the installation of panels 24 and
a glazed unit 25 to form the roof area of the building. The
panels 24 are lifted and slid into place over the support
frame 14 and the glazed unit 25 is lifted and lowered into
place by a crane or the like. Figure 5 also shows the
installation of a room module 18 on the first floor of the
building by sliding into the support frame 14. The room
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module 18 may house plant equipment such as an air
conditioning unit or may be fitted out for use as an office.
[0021] Figure 6 shows the installation of room modules
20 on the ground floor by sliding into the support frame
14. The room modules 20 may be provided for a range
of purposes such as kitchens, restaurants, fridge/freez-
ers, offices, bakeries, shop units, toilets, plant rooms etc.
Figure 6 also shows the provision of a removable canopy
26 attached to the support frame 14 after insertion of the
room modules 18 in the first floor.

[0022] For some applications, removable balconies
may be provided, for example where the building is used
for living accommodation such as flats or hotels. The
building is made weathertight on completion by sealing
the roof panels 24 and providing a facade to the walls.
The fagade may be in the form of an external skin such
as cladding or glazing according to the design of the build-
ing. The fagade is detachable and/or can be opened to
allow the modules 16,18,20 to be removed and/or re-
placed when changing/extending the lay-out of the build-
ing.

[0023] Referring nowto Figures 7 to 15 ofthe drawings,
various parts of the modular floor system above-de-
scribed are shown in more detail. For convenience, like
reference numerals are used to indicate corresponding
parts.

[0024] Figures 7 and 8 show a system for joining the
ends of two floor panels 16a,16b. In Figure 7 the abutting
end faces of the panels 16a,16b are joined by one or
more rivets 30 or other fastening means. In Figure 8, the
abutting ends of the panels 16a,16b are additionally se-
cured on the underside by one or more clips 36. Figure
7 also shows the panels 16a,16b having floor finishes
32a,32b on the upper surface with sealant 34 and edge
trim 36 finish therebetween.

[0025] Figures 9 and 10 show a system for joining the
sides of two floor panels 16a,16b. In Figure 9, the adja-
cent side faces of the panels 16a,16b are joined by male
and female formations 38a,38b that allow the panels 16a,
16b to slide lengthwise relative to each other. In Figure
9, the formations are of dovetail shape that prevent the
panels 16a,16b separating in a vertical or horizontal di-
rection. It will be understood however that other shapes
and configurations of male and female formations may
be employed such as rebated side edges. In Figure 10,
the male and female formations 38a,38b again allow the
panels 16a,16b to slide lengthwise relative to each other
and prevent the panels separating in a horizontal direc-
tion but allow one panel to be lifted relative to the other
in a vertical direction. This configuration of male and fe-
male formations permits the panels 16a,16b to be slid or
lowered into place and also allows individual panels 16a,
16b to be removed and replaced.

[0026] Inboth arrangements, the male and female for-
mations allow loads to be spread between adjacent pan-
els and may reduce the amount of support required for
the floor. Both Figures also show the panels 16a,16b
having floor finishes 32a,32b on the upper surface with
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sealant 34 and edge trim 36 finish therebetween. In some
applications, side faces of adjacent panels 16a,16b may
be separated by columns of the steel frame. In this case,
the gap between the panels 16a,16b can be filled by in-
serting an in-fill panel 40 with edge formations 40c con-
figured to mate with the formations on the side faces of
the panels 16a,16b so that the in-fill panel 40 can be
lowered into place between the floor panels 16a,16b as
shown in Figures 11 and 12. The in-fill panel 40 has a
matching floor finish 40d on its upper surface and sealant
34 and edge trim 36 finish is provided between the panels
16 and the in-fill panel 40. In Figure 11, an in-fill gasket
41 is provided to fill the gap between the panels 16a,16b
and the in-fill panel 40 at the lower edge.

[0027] Figures 13 and 14 show a system for attaching
the floor panels 16 to the support frame 14 by means of
brackets 42 secured to the underside of the panels 16
and to the support frame 14. As shown the brackets 42
are generally Z-shaped with an upper arm 42a received
in a sleeve 44 secured to the underside of the panel 16
and a lower arm 42b secured to a bolt 46 attached to the
support frame 14. Packing 48 may be inserted between
the underside of the panel 16 and the support frame 14
to take up any clearance to level the floor and/or to pro-
vide sound insulation before tightening a lock nut 50.
[0028] Figure 15 and 16 show a typical lay-out of a
floor pan 52 made up of panels 16 and in-fill panels 40
as described above. The panels 16 fill the space between
upright columns 14a of the support frame 14 and the in-
fill panels 40 fill the gaps. Panels 16 may come in arange
of modular sizes according to the design of the building.
For example a single modular panel may cover the floor
area between four columns 14a arranged at the corners
of the panel as shown in solid lines in Figure 15. Alter-
natively, the same floor area may be covered by an as-
sembly of two or more interlocking panels 16a,16b as
indicated in broken lines in Figure 15. Although a rectan-
gular floor pan 52 is shown, it will be understood that the
invention is not limited thereto and that other shapes of
floor pan may be constructed employing modular floor
panels are described herein.

[0029] In a modification (not shown), one or more of
the floor panels may be replaced by a room module hav-
ing formations co-operable with the adjacent floor panels
and/or in-fill panels. In this way, room modules can be
slid or lowered into position in similar manner to the floor
panels and/or removed and replaced as desired. Also by
incorporating the room module into the floor pan rather
than installing the room module on top of the floor pan,
continuity of floor levels and/or finishes etc can be ob-
tained.

[0030] Referring now to Figures 17 to 22 of the draw-
ings, various parts of the modular roof system above-
described are shown in more detail. For convenience,
like reference numerals are used to indicate correspond-
ing parts.

[0031] Figure 17 shows the flat roof panel 24 being slid
over the roof beams 60 in the direction of arrow A to the
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required position. The side edges of the panel 24 may
be rebated as shown at 24a to overlap a rebated edge
of an adjoining panel to improve the joint therebetween
as shown in Figure 18. The panels 24 may be supplied
with a waterproof membrane 62 already attached to the
outer surface and with or without membrane flaps 64 for
sealing the joints between adjacent panels 24. The panel
24 may also be supplied with the inner surface finished
with paint or any other lining/ceiling material, wood, plas-
tics, glass reinforced plastics etc. The panel 24 may also
be configured to receive services similar to the floor pan-
els described previously. For example, the services may
be located in channels in the panels and may be installed
off-site for supply and installation with the roof panels or
the services may be installed on-site after the roof panels
have been installed. Alternatively, service modules may
be slung to the underside of the roof panels 24.

[0032] Figures 19 and 20 show a locking system 61
for attaching the roof panels 24 to the roof beams 60 with
no visible fixings. The roof beams 60 are provided with
headed studs 66 that project from the upper surface and
co-operate with sliding wedge packing plates 68 on the
underside of the panel 24 to locate and retain the panel
24 in position. The panel 24 is lifted into position over the
studs 66 and slid into position to tension the studs and
secure the panel in position. The wedge packing plates
68 may be made of materials to eliminate cold bridging
to the structure.

[0033] The locking system 61 may be employed to lo-
cate and secure a pitched roof 69 (Figure 21) and a
pitched roof 69 and flat roof 70 (Figure 22). The roof may
be pre-fabricated off-site for supply and installation. The
pitched roof 69 may incorporate pre-wired solar panels
(not sown) or the like and could have pre-installed serv-
ices within the roof voids, allowing completed sections
ofthe buildings to be delivered and plugged in to adjoining
service units.

[0034] A similar locking system 61 to that above-de-
scribed may also be used to secure external wall panels
70 to the support structure 14 as shown in Figure 23. The
wall panels 70 may be pre-fabricated off-site for supply
and installation and may be provided with a suitable wa-
terproof finish 72 on the outer surface to clad the building
and with paint or other suitable finish on the inner surface.
[0035] It will be understood that the invention is not
limited to the embodiments above-described and that
various modifications can be made without departing
from the principle of a modular system for removably
mounting floor, roof and wall panels in a support frame
to provide any desired lay-out.

[0036] Thus,theinvention hasapplicationto single and
multi-storey buildings. The modular system for floor, roof
and wall panels may be employed in some or all areas
of a multi-storey building according to the design and use
of the building. The above systems are inter-changeable.
For example, the floor pan Z-bracket detail, could be em-
ployed to retain the composite roof panels or the pitched
roof elements depending on the supporting structure de-
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sign. The sliding wedges which secure the roof panels
in turn can be used to secure the floor panels and the
external building envelope. The sliding wedges may be
replaced by any other locking systems for attaching the
roof panels, floor panels and walls panels. The inter-
changeable power services allow for the installation and
removal of electrical services safely without the need of
electrical engineers on site and also, for instance, change
a data outlet to a socket outlet in the future just by chang-
ing the front cover.

[0037] It will be appreciated that the modular systems
described herein for constructing the floor, roof and ex-
ternal wall of a building together with the optional provi-
sion of room modules within a support frame provides
versatility in the design and lay-out of the building as well
as the capability to change the design and lay-out by
replacing, moving, adding or substituting modules to pro-
vide any desired configuration.

[0038] Other changes that can be made will be appar-
ent to those skilled in the art and the invention is deemed
to include all variations and modifications within the
scope of the claims.

Claims

1. A building comprising a support frame (14) and a
plurality of pre-fabricated modules received in the
support frame (14), the modules comprising at least
one of floor modules (16) to form a floor or roof mod-
ules (24,25) to form a roof of the building.

2. Abuilding according to claim 1 wherein the modules
(16,24,25) are configured for installation of services.

3. Abuilding according to claim 1 wherein the modules
(16,24,25) are configured to be slid into place in the
support frame.

4. A building according to claim 1 wherein the modules
(16,24,25) are configured to be lifted into place in
the support frame.

5. Anbuilding according to claim 1 wherein the modules
comprise panels (16) having edge formations (38a,
38b) for locating adjacent panels (16a,16b) relative
to each other.

6. Abuilding according to claim 1 wherein the modules
comprise panels (16) and in-fill panels (40) are pro-
vided to close gaps between adjacent panels (16).

7. A building according to claim 1 wherein means (42,
61) is provided for securing the modules (16,24,25)
to the support frame (14).

8. Anbuilding according to claim 7 wherein the securing
means comprises brackets (42) for attaching an un-
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derside of the modules (16) to the support frame (14).

A building according to claim 7 wherein the securing
means comprises wedge packers (68) for attaching
an underside of the modules (24,25) to the support
frame (14).

A building according to claim 1 including at least one
room module (18,20) received in the support frame
(14).

A building according to claim 10 wherein the room
module (20) is provided in place of a floor module
(16).

A building according to claim 1 wherein the modules
include wall modules (70) to form an external wall of
the building.

A method of constructing a building comprising pro-
viding a support frame (14) for the building and in-
serting pre-fabricated modules (16,24,25) into the
frame (14) to produce a floor and/or roof of desired
size and shape.
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