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Description

[0001] This invention relates to building construction
and in particular to modular units for use in construction
of buildings such as hotels, motels and hospitals.
[0002] Traditional building materials include bricks,
concrete and cement. Timber is of course another tra-
ditional building material and buildings have been con-
structed using a timber frame work erected from panels
formed by interconnected struts and cross-members.
[0003] Steelis another known building material which
has been used to provide a framework for building units.
Such units comprise rectangular parallelepiped steel
frames formed from heavy duty structural members
which support the floor and roof joists and wall studs.
[0004] Of recent years lightweight steel has been
used for many applications in place of more traditional
building materials. The known timber framework tech-
nology has been adopted with the panels formed from
lightweight steel sections and comprising a frame of
joists with cross runners, the frame being strengthened
by lateral and/or diagonal bracing. Panels of similar con-
struction but in other necessary shapes are also provid-
ed and the panels are transported to the intended loca-
tion of the building. A floor is laid down first and the pan-
els are then erected and connected on site to construct
the building.

[0005] Lightweight steel framing systems have a
number of advantages. The first of these is the use of
steel as a construction material. Steel, while having a
relatively construction material. Steel, while having arel-
atively high embodied energy content, is nevertheless
a realistic incombustible structural alternative to wood.
The use of steel also responds to the call by environ-
mental organisations to minimise the use of wood in
construction. Steel is 100% recyclable and has no ma-
terial downgrading when recycled. There is little waste
in its production and fabrication.

[0006] A further advantage of lightweight steel fram-
ing systems is that construction time can be reduced in
comparison for example to constructions of brick and
mortar. However on-site erection and interconnection of
the panels is required and finishing of the building units
including fitting of floor, roof and wall sheeting as well
as decoration can only be done on site.

[0007] It is an object of the present invention to pro-
vide a unit module for a building which reduces the on-
site construction time. It is a further object to provide
such a unit which can be delivered to site in a fitted-out
state.

[0008] Itis a further object of the present invention to
provide a building unit module which minimises the
amount of steel required and is capable of fast construc-
tion whilst still being strong and robust.

[0009] Itis a still further object of the present invention
to provide a building unit module which can be formed
at any desired length, width and height.

[0010] US Patent 3605350 describes a modular hous-
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ing structure which has an open-span interior, that is no
interior load bearing walls. The structure comprises a
base frame and a roof frame interconnected and spaced
by corner posts. Two ends walls and side walls are
formed from wooden studs with exterior sheeting.
[0011] GB Patent Application No. 2084213 describes
a somewhat similar structure having a floor and a roof
subframe connected together by vertical columns.
[0012] A building unit module comprising a lattice
framework formed of a plurality of parallel rectangular
frame members and multiple parallel runners connected
to the frame members internally thereof, and sheeting
attached to the runners to form an enclosure character-
ised in that the rectangular frame members are spaced
along the length of the module, the runners each ex-
tending transversely along that length; in that the enclo-
sure is defined exteriorally by the lattice framework, and
in that the framework further comprises corner members
extending lengthwise across the framework and con-
nected to the frame members at the corners thereof.
[0013] The module is three-dimensional whereas the
units of known lightweight steel framing systems are
two-dimensional. This has a number of advantages.
Firstly the amount of construction work on site is re-
duced as the need for erection and connection of indi-
vidual panels of known lightweight steel framing sys-
tems is done away with. Furthermore the module can
be fitted out off site which allows production line tech-
niques for fit-out and reduces the amount of materials
and manpower required on site.

[0014] It has been found that the combination of the
rectangular frame members, runners and sheeting pro-
duces a robust and strong structure more than capable
of functioning as a room of a building. It is noted here
that although the frame members are described as "rec-
tangular”, deviations from true rectangular shape are
possible depending on desired room configuration.
[0015] The dimensions of the module can be simply
varied by varying the number and/or dimensions of the
frame members. This means that the module is very ver-
satile and usable in a large number of different types of
building.

[0016] In a preferred embodiment the frame members
each comprise four interconnected frame sections. It is
particularly preferred that the frame sections are joists
of C-shaped cross-section and the runners are furring
runners of "top hat" section.

[0017] In a first embodiment the frame members are
formed first and the runners then connected thereto to
provide the lattice framework. In an alternative embod-
iment, which is particularly suited for shipping overseas,
spaced frame sections are interconnected by runners to
form two panels and the ends of each frame section in
one panel are connected to the ends of a frame section
in the other panel by a pair of frame sections running
transversely to the planes of the panels to provide the
lattice framework.

The corner members may be angle members of struc-
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tural steel and may be provided internally and externally
of the framework.

[0018] The ends of the modules may be provided with
plural parallel cross runners extending widthwise and
connected to the end most frame members. The ends
of the module can therefore be closed off by securing
sheeting to the cross runners.

[0019] The cross runners may mount at least one win-
dow frame at one end of the module and a door at the
other end of the module. Alternatively or additionally
window frames may be mounted in the main runners as
too may be door frames.

[0020] The cross runners may be provided in the form
of two prefabricated panels which are then connected
to the endmost frame members. Each panel is fitted with
a door or window sub assembly as required.

[0021] Very preferably the lattice framework is formed
of light gauge steel structural sections. Thus the advan-
tages of steel as a construction material are employed
in the module but the module is still relatively light. The
use of lightweight steel allows the module to be trans-
ported via trailer to the proposed building site and ma-
noeuvred into position simply and safely.

[0022] Plural modules may be used to form a building
in which the modules are stacked one atop the other
and/or positioned side by side and interconnected by
connecting the lattice framework of each module to the
lattice framework(s) of the or each adjacent module(s).
[0023] The invention also provides a method of con-
structing a building comprising forming plural rectangu-
lar frame members, positioning the frame members ver-
tically and in alignment, connecting multiple horizontal
runners to the frame members with the horizontal run-
ners parallel to each other to form a lattice framework,
and, securing sheeting to the lattice framework via the
runners so as to form an enclosure, characterised in that
three or more rectangular frame members are formed
which are positioned in an aligned row with a first pre-
determined spacing between each adjacent pair of
frame members; in that the runners are connected to
the frame members with a second predetermined spac-
ing between each adjacent pair of runners, and in that
the method further comprises, prior to securing the
sheeting, securing horizontal angle members to the in-
ternal and/or external corners of the lattice framework.
[0024] The method, which provides a module of the
first embodiment, preferably includes securing horizon-
tal angle members to the four internal and four external
corners of the lattice framework and carrying out the
frame member formation step by interconnecting four
structural sections.

[0025] The invention will now be further described by
way of example with reference to the accompanying
drawings in which:-

Figure 1 is a perspective view of a building unit mod-
ule in accordance with the invention;
Figure 2 is a side view of the module of Figure 1;
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Figures 3A and 3B are perspective views illustrating
alternative constructions of frame members forming
part of the building unit module of Figure 1;

Figure 4 is an exploded perspective view illustrating
a method of construction of the building unit module
of Figure 1, and,

Figure 5 is a perspective view of three modules as
shown in Figure 1 connected together in use.

[0026] The module shown in Figures 1 and 2 compris-
es a series of rectangular frame members 4 which are
termed hereinafter "ribs". The ribs 4 are made from
standard structural steel sections, preferably stud joist
sections, welded together. The length of the four stud
joist sections forming each rib 4 determines the cross-
sectional dimensions of the module 2. The length of the
module 2 is determined by the number of ribs 4 used.
[0027] Theribs 4 are positioned vertically at a first pre-
determined spacing in two spaced jigs. Preferably one
jig is fixed whilst the other is movable to accommodate
ribs 4 of different width.

[0028] The ribs 4 are connected by a series of hori-
zontally positioned runners 6 which run the full length of
the module 2. The runners 6 are spaced at a second
predetermined spacing and welded to the ribs 4 to cre-
ate a lattice beam structure.

[0029] The ribs 4 are preferably constructed by weld-
ing four lightweight stud joist sections 5 together with
two side frame sections 5a and a top and bottom frame
section 5b. The stud joist sections employed may be of
C-shaped cross-section with return flanges to give an
overall open mouth box configuration. Other common
sections can be used but preferred are the stud joist sec-
tions produced by the Applicants and described in their
brochure Ayrshire Steel Framing. The preferred stud
joist sections have cross-sectional dimensions ranging
from 40 mm x 70 mm to 40 mm x 340 mm. The runners
6 are also preferably lightweight steel structural sections
and most suitably top hat sections.

[0030] In the module of Figures 1 and 2 the stud joist
sections 5 are arranged as illustrated in Figure 3A, with
the side frame sections 5a oriented with their mouths
outward. The top and bottom frame sections 5b are butt
welded to the webs of the side frame sections 5a. The
arms of the top hat section runners 6 are also welded to
the webs of the side frame sections 5a.

[0031] The stud joist sections 5 shown in Figure 3A
have the advantage that they are asymmetrical with un-
equal return flange sizes and so may be nested together
to form a closed box for use at concentrated load points.
[0032] Inan alternative arrangementillustrated in Fig-
ure 3B, the orientation of the side frame sections 5a is
reversed so that the mouths are inward. In addition, the
side frame sections 5a are made symmetrical with iden-
tical return flanges sized to receive a top or bottom frame
section 5b therebetween with the top or bottom frame
sections 5b then being welded to the inner side of the
web of the side frame sections 5a. The arms of top hat
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section runners 6 are folded to the return flanges of the
side frame sections 5a.

[0033] The advantage of the arrangement of Figure
3B is that the stiffness of the sides of the module 2, in
particular the stiffness of the side frame sections 5a, is
increased.

[0034] Inaddition to the ribs 4 and runners 6, the mod-
ule 2 includes four steel angles 10 which run the full
length of the module assembly and are welded to the
fourinternal corners as well as a further four steel angles
12 which again run the full length of the module 2 but
are welded to the four external corners.

[0035] An alternative method for constructing the
module 2 is illustrated in Figure 4. Instead of forming the
ribs 4 first and then connecting these with the runners
6, side panels 14 are built from the side frame sections
5a and the runners 6. The module 2 is then constructed
by welding the top and bottom frame sections 5b be-
tween the panels 14 to form, with the side frame sections
5a, the ribs 4. This method is particularly suitable for
shipment overseas, since the panels 14 and top and bot-
tom frame sections 5b can be shipped and then the
module 2 built in the country where it is to be used.
[0036] Which ever construction method is used, the
module 2 is completed by closing off the ends with struts
16 and cross runners 18 which may suitably be provided
as prefabricated end panels 20 and securing roof and
floor decking 20, 22 to, respectively, the top and bottom
frame sections 5b. The walls are then skinned inside
and out. The roof and floor decking 20, 22 are preferably
secured by self-drilling, self-tapping screws as too may
be the wall skins.

[0037] Figure 5 illustrates three modules 2 with those
on the left in the sense of the Figure fitted with roof and
floor decking 20, 22. As Figure 5 illustrates the modules
2 can be stacked one on top of each other and/or side
by side to form a building.

[0038] The prefabricated panels 20 which close the
ends of the modules generally act as window and corri-
dor walls in a structure formed from multiple modules.
Therefore one is provided with a door frame 24 and the
other with one or more window frames 26. As illustrated
in Figure 5, one or both sides of the modules 2 may be
provided with a door frame 24, either to provide com-
munication to an adjacent module or, in the case of an
end module, to provide external access such as to a fire
escape. The door frames 24 are preferably provided as
prefabricated sub assemblies. The window frames 26
are formed as part of the construction of the end panels
20.

[0039] The basic form of a module 2 can be modified
in a number of ways. Internal partitions can be used to
separate off an area to form, for example, a bathroom.
Partitions may be formed from light gauge steel studs
with single layers of plaster board having sound dead-
ening quilt therebetween.

[0040] Another possible variation is to provide a "cut-
out" from the overall rectangular shape of the module 2
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which will act as a service duct. A cut-out is illustrated
in the left-hand most corner of the module 2 of Figure 1.
[0041] Short lateral bracing runners 28 may be pro-
vided in the roof and floor of a module 2 to stop twiscing
of the top and bottom frame sections 5b.

[0042] The module 2, by virtue of its formation from
lightweight structural steel sections, can be lifted and
transported to a building site by trailer. For this purpose
the upper external angle members 12 have lifting plates
30 welded thereto.

[0043] The first predetermined spacing, between the
ribs 4, is suitably 400 mm but may be between 100 mm
and 600 mm. In practice the spacing may be set by the
dimensions of the floor decking, the distance between
the ribs 4 being adjusted according to decking side to
produce a floor of desired stiffness.

[0044] The second predetermined spacing, between
the runners 6, is preferably 500 mm but may be between
300 and 600. In practice again the spacing may be de-
termined by the dimensions of the sheeting panels used
on the walls of the module 2, in this case to give a de-
sired wall stiffness. Standard panel sizes are 600 x 2400
mm.

[0045] The module 2 may have overall dimensions of
3m by 4m by 8m to allow two modules 2 to be transport-
ed on a standard trailer. However as will be appreciated
the dimensions can be varied simply by varying the size
and number of the ribs 4.

[0046] Many types of roof and floor decking are known
as well as sheeting suitable for skinning to the walls of
the module 2. Possibilities include Cement Bonded Par-
ticle Board (CBPB); Plywood; and Chipboard and Glass
Reinforced Cement (GRC) as the decking and Plaster-
board; CBPB and GRC as the sheeting. Currently pre-
ferred for the floor decking is tongue and groove, cement
bonded particle board and bituminous-coated oriented
strand board for the roof decking which is taped and
sealed to render it waterproof. The external skins may
be bitumen impregnated fibreboard, whilst the internal
skin may be double layers of Plasterboard which may
also be used to provide a sealing. Soundproofing mate-
rials such as sound deadening quilt is provided between
the external and internal skins.

[0047] On site, plural modules 2 are positioned on to
steel foundations 32 as illustrated by Figure 5. They are
joined one to another either with plates at the conjunc-
tion of four modules 2 and/or by connection with corridor
floor frame assemblies. The modules 2 may be physi-
cally connected to the foundations but this is not always
necessary.

[0048] The welding of the components of the module
2 may be mineral, inert gas (MIG) welding although oth-
er known types of welding can be used.

[0049] The modules 2 can be fitted out prior to delivery
to site. A particular advantage of the module 2 is that
the walls, floor and ceiling are particularly flat which is
important when furniture is to be fitted.

[0050] The modules 2 are suitable for use in construc-
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tion of any building which has a cellular or repetitive type
layout with vertical alignment of load bearing walls. The
modules 2 enable very rapid construction, typically 35%
faster than masonry construction.

Claims

1.

A building unit module (2) comprising a lattice
framework formed of a plurality of parallel rectan-
gular frame members (4) and multiple parallel run-
ners (6) connected to the frame members (4) inter-
nally thereof, and sheeting attached to the runners
(6) to form an enclosure characterised in that the
rectangular frame members (4) are spaced along
the length of the module, the runners (6) each ex-
tending transversely along that length; in that the
enclosure is defined exteriorally by the lattice
framework, and in that the framework further com-
prises corner members (10) extending lengthwise
across the framework and connected to the frame
members (4) at the corners thereof.

A building unit module as claimed in Claim 1 where-
in the runners (6) are furring runners of top hat sec-
tion.

A building unit module as claimed in either Claim 1
or Claim 2 wherein each frame member (4) com-
prises four interconnected frame sections (5).

A building unit module as claimed in Claim 3 where-
in each frame member (4) comprises four welded
joists (5) of C-shaped cross-section.

A building unit module as claimed in any preceding
Claim wherein the corner members are angle mem-
bers (10).

A building unit module as claimed in any preceding
Claim wherein the corner members (10) are provid-
ed both internally and externally of the framework.

A building unit module as claimed in any preceding
Claim including plural parallel cross runners (18)
extending widthwise and connected to the endmost
frame members.

A building unit module as claimed in any preceding
Claim wherein the lattice framework is formed of
light gauge steel structural sections.

A building comprising a plurality of modules (2) as
claimed in any preceding Claim stacked one atop
the other and/or side by side and interconnected by
connecting the lattice framework of each module (2)
to the lattice framework(s) of the or each adjacent
module(s) (2).

10

15

20

25

30

35

40

45

50

55

10. A method of constructing a building unit module

1.

comprising forming plural rectangular frame mem-
bers (4), positioning the frame members (4) verti-
cally and in alignment, connecting multiple horizon-
tal runners (6) to the frame members (4) with the
horizontal runners parallel to each other to form a
lattice framework, and, securing sheeting to the lat-
tice framework via the runners so as to form an en-
closure, characterised in that three or more rec-
tangular frame members (4) are formed which are
positioned in an aligned row with a first predeter-
mined spacing between each adjacent pair of frame
members (4); in that the runners (6) are connected
to the frame members (4) with a second predeter-
mined spacing between each adjacent pair of run-
ners (6), and in that the method further comprises,
prior to securing the sheeting (20, 22), securing hor-
izontal angle members (10) to the internal and/or
external corners of the lattice framework.

A method as claimed in Claim 10 wherein the frame
member formation step is carried out by butt weld-
ing four structural sections (5) together.

Patentanspriiche

1.

Gebéudeeinheit-Modul (2) mit einem Gitter-Fach-
werk, der aus einer Vielzahl paralleler rechtwinkli-
ger Rahmenteile (4) gebildet ist sowie aus einer
Vielzahl paralleler Laufer (6), die an den Rahmen-
teilen (4) innenseitig angebracht sind, sowie Ver-
kleidung, die an den Laufern (6) angebracht ist, um
so eine Umschlief3ung zu bilden,

dadurch gekennzeichnet, dass die rechtwinkli-
gen Rahmenteile (4) Gber die Ladnge des Moduls
voneinander beabstandet sind, die Laufer (6) je-
weils sich quer entlang der Lange erstrecken, und
dadurch, dass die EinschlieBung nach auf3en von
dem Gitter-Fachwerk umgrenzt ist, sowie dadurch,
dass das Fachwerk zuséatzlich Eckenteile (10) auf-
weist, die sich in Langsrichtung Uber das Fachwerk
erstrecken und mit den Rahmenteilen (4) an deren
Ecken verbunden sind.

Gebaudeeinheit-Modul nach Anspruch 1,
wobei die Laufer (6) Verbretterungs-Laufer sind mit
einem zylinderhutférmigen Querschnitt.

Gebaudeeinheit-Modul nach Anspruch 1 oder 2,
wobei jedes Rahmenteil (4) vier miteinander ver-
bundene Rahmenabschnitte (5) aufweist.

Gebaudeeinheit-Modul nach Anspruch 3,
wobei jedes Rahmenteil (4) vier geschweilte Tra-

ger (5) mit C-féormigem Querschnitt aufweist.

Gebaudeeinheit-Modul nach einem der vorherge-



10.

1.

9 EP 1 055 036 B1 10

henden Anspriiche,
wobei die Eckenteile Winkelteile (10) sind.

Gebaudeeinheit-Modul nach einem der vorherge-
henden Ansprliche,

wobei die Eckenteile (10) sowohl innenseitig als
auch auRenseitig des Fachwerks angeordnet sind.

Gebaudeeinheit-Modul nach einem der vorherge-
henden Anspriiche,

mit mehreren parallelen Querlaufern (18), die sich
Uber die Breite erstrecken und an den auBersten
Rahmenteilen befestigt sind.

Gebaudeeinheit-Modul nach einem der vorherge-
henden Anspriiche,

wobei das Gitter-Fachwerk aus leichten Stahl-
Strukturabschnitten ausgebildet ist.

Gebadude mit einer Anzahl von Modulen (2) nach
einem der vorhergehenden Anspriiche,

die aufeinander und/oder Seite an Seite gestapelt
und durch Verbindung des Gitter-Fachwerks jedes
Moduls (2) mit dem Gitter-Fachwerk des oder jedes
benachbarten Modulen (2) verbunden ist.

Verfahren zum Aufbauen eines Gebdaudeeinheit-
Moduls mit dem Ausbilden mehrer rechtwinkliger
Rahmenteile (4), Positionieren der Rahmenteile (4)
vertikal und in Ausrichtung, Verbinden mehrerer ho-
rizontaler Laufer (6) an die Rahmenteile (4) mit den
horizontalen Laufern parallel zueinander, um so ein
Gitter-Fachwerk zu bilden und Befestigen einer
Verkleidung an dem Gitter-Fachwerk mit Uber die
Laufer, um so eine EinschlieBung zu bilden,
dadurch gekennzeichnet, dass drei oder mehrere
rechtwinklige Rahmenteile (4) ausgebildet sind, die
in einer ausgerichteten Reihe positioniert sind mit
einer ersten bestimmten Beabstandung zwischen
jedem benachbarten Paar von Rahmenteilen (4),
und dadurch, dass die Laufer (6) mit den Rahmen-
teilen (4) in einer zweiten bestimmten Beabstan-
dung zwischen jedem benachbarten Paar Laufer
(6) verbunden sind, sowie dadurch, dass das Ver-
fahren zusatzlich aufweist, vor der Befestigung der
Verkleidung (20, 22) horizontale Winkelteile (10) an
den inneren und/oder dufleren Ecken des Gitter-
Fachwerks zu befestigen.

Verfahren nach Anspruch 10,

wobei der Schritt der Rahmenteilformation ausge-
fuhrt wird durch StoR-Schweil3en von vier struktu-
rellen Abschnitten (5) voneinander.

Revendications

1.

Elément de construction modulaire (2) constitué
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d'une ossature en ftreillis formée d'une pluralité
d'éléments de cadre rectangulaires paralléles (4) et
de rails paralléles (6) reliés aux éléments de cadre
(4) a l'intérieur de ceux-ci et d'un revétement fixé
aux rails (6) pour former un coffret, caractérisé en
ce que les éléments de cadre rectangulaires (4)
sont disposés a distance sur toute la longueur du
module, les rails (6) s'étendant chacun transversa-
lement sur cette longueur, en ce que le coffret est
défini extérieurement par l'ossature en treillis, et en
ce que l'ossature comporte par ailleurs des élé-
ments angulaires (10) s'étendant longitudinalement
a travers l'ossature et reliés aux éléments de cadre
(4) au niveau de leurs angles.

Elément de construction modulaire selon la reven-
dication 1, dans lequel les rails (6) sont des rails a
fourrures de section en U renversé.

Elément de construction modulaire selon la reven-
dication 1 ou 2, dans lequel chaque élément de ca-
dre (4) comprend quatre trongons de cadre reliés
entre eux (5).

Elément de construction modulaire selon la reven-
dication 3, dans lequel chaque élément de cadre (4)
comprend quatre traverses soudées (5) de section
transversale en C.

Elément de construction modulaire selon I'une quel-
conque des revendications précédentes, dans le-
quel les éléments angulaires sont des éléments de
type corniéres (10).

Elément de construction modulaire selon I'une quel-
conque des revendications précédentes, dans le-
quel les éléments angulaires (10) sont prévus a la
fois sur le plan extérieur et sur le plan intérieur de
I'ossature.

Elément de construction modulaire selon I'une quel-
conque des revendications précédentes, compre-
nant plusieurs rails transversaux paralléles (18)
s'étendant en largeur et reliés aux éléments de ca-
dre les plus extrémes.

Elément de construction modulaire selon I'une quel-
conque des revendications precedentes, dans le-
quel l'ossature en treillis est formée de trongons de
construction en acier léger.

Construction comprenant une pluralité de modules
(2) selon I'une quelconque des revendications pré-
cédentes, empilés les uns sur les autres et/ou cote
a cOte, et reliés entre eux par connexion de 'ossa-
ture en treillis de chaque module (2) a I'ossature ou
aux ossatures du module ou de chacun des modu-
les adjacents (2).
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10. Procédé de construction d'un élément de construc-

1.

tion modulaire comprenant les étapes consistant a
former une pluralité d'éléments de cadre rectangu-
laires (4), a positionner les éléments de cadre (4)
sur un plan d'alignement vertical, a raccorder de
multiples rails horizontaux (6) aux éléments de ca-
dre (4), les rails horizontaux s'étendant paralléle-
ment les uns aux autres pour former une ossature
en treillis, et a fixer le revétement sur I'ossature en
treillis via les rails, de fagon a constituer un coffret,
caractérisé en ce que trois éléments de cadre rec-
tangulaires ou plus (4) sont formés, qui sont dispo-
sés sur une rangée alignée suivant un premier es-
pacement prédéterminé entre chaque paire adja-
cente d'éléments de cadre (4), en ce que les rails
(6) sont raccordés aux éléments de cadre (4) sui-
vant un second espacement prédéterminé entre
chaque paire adjacente de rails (6), et en ce que le
procédé comprend en outre, avant de fixer le revé-
tement (20, 22), I'étape consistant a fixer les élé-
ments d'angle horizontaux (10) au niveau des an-
gles internes et/ou externes de 'ossature en treillis.

Procédé selon la revendication 10, dans lequel
I'étape de formation des éléments du cadre est réa-
lisée par soudage a bossages réciproque de quatre
trongons structurels (5).
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