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Description

Description of Invention

This invention relates to a floor structure in or for a
building unit. The building is preferably a portable build-
ing unit which is factory assembled for delivery to a pre-
pared site in assembled condition.

EP-B-0,058,354, EP-B-0,105,406 and GB-B-
2,084,213 each disclose an example of such a portable
building unit which may be intended, once delivered, to
occupy a site, permanently or to occupy the site tempo-
rarily and then be transported to a further site.

EP-B-0,039,592 discloses an example of a building
unit which is intended to be transported in a pack for
erection when delivered to a suitable site.

GB-A-2,291,446 discloses a floor structure in which
insulation material is disposed between a floor panel
and an under-drawing and is bonded thereto in order to
achieve a structure of desired strength. The floor struc-
ture is of reduced height between the floor panel and
the under-drawing sheet in the region between the joists
so as to minimise the thickness of insulation material
required between the joists, thereby minimising the cost
of the floor structure. However, the above-described
system requires the presence of the bonded insulation
material disposed between and bonded to the floor
panel and the under-drawing and, hence, in certain
applications the resultant cost of the floor structure is
unacceptably high.

An object of the present invention is to provide a
new and improved floor structure in or for a building unit
in which the above-mentioned problem is overcome or
is reduced.

According to one aspect of the present invention we
provide a floor structure in or for a building unit, the floor
structure comprising a floor frame comprising a pair of
side beams interconnected together by transversely
extending joists, a floor panel supported on the floor
frame and an under-drawing spaced from the floor
panel with the joists disposed between the floor panel
and the under-drawing, characterised in that the under-
drawing provides a stress skin construction of the floor
structure.

The under-drawing may form a continuous tensile
diaphragm which works in conjunction with the floor
panel and the floor frame.

The under-drawing may comprise at least one
sheet made of metal or of other suitable material
depending on desired surface conditions, performance
and ability to withstand tensile loads thereon imposed.

The under-drawing may be mechanically fixed to
the underside of the joists.

The under-drawing may comprise a plurality of indi-
vidual sheets at least one of which may be removed to
allow access for mechanical and electrical services.

Where a plurality of lower sheets are provided adja-
cent edge portions of adjacent sheets may be disposed
in overlapping relationship.
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A thermal break and/or acoustic means to minimise
sound arising from relative movement between the
under-drawing and frame may be provided.

A tape such as foam tape, or other insulating mate-
rial may be applied between the frame and the sheets,
for example, to form the thermal break and/or acoustic
means.

The floor frame may comprise a plurality of joists
which span the width of the floor frame between the
floor beams.

The joists may be welded or mechanically fixed to
the floor beams.

Each joist may be generally channel shaped, com-
prising a web interconnecting two generally parallel
opposed flanges.

At least one flange, preferably an upper flange, has
atits outer end an inturned lip. The flanges may be gen-
erally perpendicular to the web and, when present, the
or each lip may be generally perpendicular to the asso-
ciated flange.

A joist may be engaged with an upwardly directed
surface of the under-drawing.

A fastening may extend through a portion of the
joist and of the or each sheet to secure said elements
together.

The under-drawing sheets are preferably planar in
all directions.

The under-drawing sheets may comprise at least
one sheet of, for example, mild steel which may be gal-
vanised.

The floor panel may be mechanically fixed to the
upper face of the joists.

An insulation sheet or the like may be disposed
over the joists to form two unventilated air spaces.

The insulation sheet may be a reflective sheet
which may radiate heat back into the building through
the floor panel and trap heated air in a cavity so that
warmer air is adjacent to the floor panel.

Because the floor structure, including the under-
drawing sheet, is made of gas impermeable, or at least
substantially gas impermeable, material any air trapped
within the floor structure thereby contributes to the ther-
mal insulating properties of the floor structure as
described hereinbefore.

The side beams and/or the joists may be made of
metal. The metal may be steel which may be galvanised
roll steel.

Since the lower part of the floor structure is sub-
jected to tension forces in use, it is important that the
under-drawing sheet can accommodate tension loads.
This is achieved without bonding of the under-drawing
sheets to the floor panel by a rigid foam expanded plas-
tics material as is the case with GB-A-2291446.

An example of the invention will now be described
with reference to the accompanying drawings wherein

FIGURE 1a) is a fragmentary plan view of a floor
structure embodying the invention but with part of
the floor panel and part of the under-drawing sheet
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shown broken away,

FIGURE 1b) is a fragmentary underside plan view
of the floor structure of Figure 1a),

FIGURE 2 is a section on the line 2-2 of Figure 1,
FIGURE 3 is a section on the line 3-3 of Figure 1,
FIGURE 4 is a fragmentary underneath perspective
view showing part of the floor structure of Figure 1
inwardly of the ends thereof, and

FIGURE 5 is a fragmentary underneath perspective
view showing another part of the floor structure of
Figure 1 inwardly of the ends thereof.

Referring to the drawings, a floor structure for use in
a building unit of, for example, the kind described in any
one of EP-B-0,058,354; EP-B-0,105,406; GB-B-
2,084,213 and EP-B-0,039,592, or in any other suitable
portable or permanent building unit, is shown at 10 and
comprises two parallel longitudinally extending floor
side beams 11, 12 disposed to extend along the longitu-
dinal sides of the floor structure. The floor side beams
11, 12 are identical and are made as rolled sections in
steel, preferably cold rolled and are preferably galva-
nised mild steel but may be made of any other suitable
material and/or be corrosion protected in any other suit-
able manner.. Floor side beams 11, 12, as best shown
in Figures 3 and 4 are of essentially channel configura-
tion having a web 13, and top and bottom limbs 14, 15
which extend perpendicular to the web part 13. The
limbs 14, 15 have perpendicular inturned lips 14a, 15a
respectively. Fastened by welding to the side beams 11,
12 and spaced inwardly from their ends are a plurality of
intermediate cross beams or joists 16 which extend
transversely of the floor structure and which are located
at spaced positions longitudinally of the side beams 11,
12 at positions intermediate their opposite ends 19, 20.
In addition, end cross beams or joists 17, 18 are pro-
vided to extend adjacent opposite said ends 19, 20
respectively of the side beams 11, 12.

The ends 19, 20 of the side beams 11, 12 have
upright columns 21 disposed adjacent thereto to which
the ends 19, 20 of the side beams are connected by four
bolts 22 extending through the columns 21 and one limb
23 of an angle member, the other limb 24 of which is
fastened to the web 13 by means of welding. The upper
bolts 22 are accessible through a cut-out 23 in the end
joist 18 whilst the lower bolts 22 are accessible beneath
the end joist 18. A bracket 25 is provided between the
web 13 and the upturned lip 15a and is held in position
by welding. The bracket is provided for lashing the floor
to a lorry for transportation in this example, but may be
omitted if desired.

If desired, the opposite ends of the joists 16-18 may
be fastened to the associated side beam 11-12 by
means other than welding, for example by means of fas-
teners. In the present example the joists 16-18 are
spaced at 400mm centres and thus are considerably
more closely spaced than are the joists of GB-A-
2,291,446.

Each joist 16-18 comprises a web 26 having at
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opposite ends and perpendicular thereto spaced paral-
lel upper and lower flanges 27,28. Each upper flange 27
has a downwardly extending perpendicular lip 27a. The
lower flange 28 of the intermediate joists 16 is unpro-
vided with an upturned lip whilst the lower flanges 28 of
the end joists 17, 18 are provided with an upturned lip
28a.

Supported on the upper flanges 27 of the joists 16-
18 and the upper flange 14 of the side beams 11, 12 is
a floor deck made, in the present example, of three floor
panels 30 made of, in the present example, 18mm thick
structural board floor deck which is moisture resistant
and air impermeable, although if desired, may be made
of other material such as plywood. In either case, vinyl
or other floor covering may also be fitted.

The nature of the floor panels provides a floor struc-
ture with a solid feel which may be aided by the floor
covering of vinyl.

The floor deck panels 30 are fastened to the upper
flanges 27 of the joists 16-18 and to the flanges 14 of
the side beams 11, 12 by self-tapping fasteners 32 at
320mm centres as best shown in Figures 1 and 3.

In the region where the floor panels 30 abut, a pair
of fasteners 32 are provided in the uppermost flange 27.

The floor structure is provided with an under-draw-
ing which, in the present example, comprises a plurality
of under-drawing sheets 33. In the present example the
joists 16-18 are spaced at 400mm centres and the lower
sheets 33 have an overall dimension in the direction of
the length of the floor unit of 1235mm. Hence, each
lower sheet effectively spans the lower flange 28 of four
adjacent joists with adjacent panels overlapping each
other in the region below each fourth joist as best shown
at Sin Figure 5. The lowermost flange 28 is 50mm wide
in the longitudinal direction and the sheets overlap by
about 35mm in the present example, but may overlap by
less or more up to, for example 50mm so long as the
fasteners pass properly through both sheets to achieve
the hereinbefore described stress skin.

The under-drawing sheets 33 in the present exam-
ple are made of galvanised mild steel sheets of, for
example, Aluzink but, if desired, may be made of any
other suitable material and/or corrosion protected in any
other suitable manner.

The under-drawing sheets 33 are generally rectan-
gular and are fastened to the lowermost flanges 28 by
self-tapping fasteners 34, the fasteners being disposed
at no greater than 350mm centres. There is no fixing
between the under-drawing and beam. To obtain a rea-
sonable seal between the sheet and beam a foam tape,
which is also used as a thermal break is wrapped
around the edge of the side under-drawing sheets and
are interposed where the sheets abut the beams (as
shown at Figures 3 and 4).

The sheets 33 have a dimension of 2500mm in a
direction transverse to the direction of the length of the
floor unit and so are spaced apart from the side beams.
These two gaps are closed by sheets 33a which are
235mm wide and comprise a plurality of sheets which
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are cut from the sheet stock material and hence have a
dimension of 2500mm long to span between seven
joists whilst remaining sheets are provided as appropri-
ate for access to various components and in the present
example comprise two end sheets each forming 450mm
long to span a single pair of joists and a single sheet
1650mm long to span five joists. Of course, the precise
dimension may be provided as desired but with a view
to economic use of material.

The sheets 33a may be added after the sheets 33
have been added so as to facilitate the introduction of
the services into the panel or connection of compo-
nents.

By virtue of the lap jointing and mechanical fixing of
the lowermost sheets 33 to the lowermost flange 28 of
the joists 16-18, the sheets effectively form a continuous
tensile diaphragm which works in conjunction with the
structural board deck and the steel floor frame assembly
to reduce deflections and improve the overall "feel” of
the floor assembly. Thus, the construction is a compos-
ite unit, where shear stresses in the joists (from
imposed loading) are transferred into the structural
board as compression stresses and into the under-
drawing as tension. The minimum tensile strength of the
under-drawing sheets in the present example is about
10 N/mm?.

Although it is preferred that the sheets 33, 33a are
planar in all directions, if desired the sheets may be con-
toured in one or more directions consistent with their
ability to accommodate tensile stresses and thus pro-
vide a stress skin. More particularly, the sheets may be
contoured to a minimum extent, for example to provide
a pattern of any desired configuration but of course, if
appropriate, the sheets could be contoured as desired
by making them of appropriate strength to accommo-
date the herein before mentioned tensile stress.

The fasteners may be positioned at centres no
greater than 300mm apart. Preferably, a screw with a
larger diameter flanged head is used. The large flange
acts to prevent pivoting of the screw under load and
hence reduces deflection. It also provides an increased
clamping or bearing area.

The position of the extra mass, such as is provided
by the under-drawing, beneath the joists, may act as a
counterbalance and dampen vibration induced by walk-
ing, hence improving the floor feel.

The individual sheets 33, 33a may be removed, as
necessary, to allow access for mechanical and electrical
services if required.

A foam tape 35 is applied between the flanges 28
and the under-drawing sheets 33 to form a thermal
break and eliminate floor "squeaks” and like noise. If
desired other forms of thermal break and acoustic mini-
misers may also be provided.

A reflective insulation sheet 40 is draped over the
joists 16-18 beneath the floor panel 30.

The reflective insulation sheet 14 may conveniently
be provided by a thin air impervious member of, for
example, thin reinforced aluminium foil and is arranged
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to form two unventilated air spaces or cavities 41, 42.
Because the steel 14 is reflective, it radiates heat back
into the building through the floor panels 30 and so traps
heated air in a cavity 42 so that warmer air is adjacent
to the floor panels 40. If desired other insulation means
such as a glass fibre insulation may be provided.

A floor runner 44 is disposed beneath the interme-
diate joists 16 adjacent to, but spaced inwardly of the
side beams 11, 12 as best shown in Figures 1, 2 and 5.
The runners 44 terminate at positions aligned with the
floor panels 30 and thus adjacent runners 44 are con-
nected together in abutting relationship by self-tapping
fasteners 45, as best illustrated in Figure 2.

Claims

1. A floor structure in or for a building unit, the floor
structure comprising a floor frame comprising a pair
of side beams connected together by transversely
extending joists, a floor panel supported on the floor
frame and an under-drawing spaced from the floor
panel with the joists disposed between the floor
panel and the under-drawing, characterised in that
the under-drawing provides a stress skin construc-
tion of the floor structure.

2. A floor structure according to claim 1 wherein the
under-drawing forms a continuous tensile dia-
phragm which works in conjunction with the floor
panel and the floor frame.

3. A floor structure according to claim 1 or claim 2
wherein the under-drawing comprises at least one
sheet made of metal.

4. A floor structure according to any one of the pre-
ceding claims wherein the under-drawing com-
prises a plurality of individual sheets.

5. A floor structure according to claim 5 or 6 wherein
adjacent edge portions of adjacent sheets are dis-
posed in overlapping relationship.

6. A floor structure according to any one of the pre-
ceding claims wherein a thermal break and/or
acoustic means to minimise sound arising from rel-
ative movement between the under-drawing and
frame is provided.

7. A floor structure according to any one of the pre-
ceding claims wherein each joist is generally chan-
nel shaped, comprising a web interconnecting two
generally parallel opposed flanges.

8. A floor structure according to any one of the pre-
ceding claims wherein a fastening extends through
a portion of a joist and the under-drawing to secure
said elements together.
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A floor structure according to any one of the pre-
ceding claims wherein the under-drawing is planar.

A floor structure according to any one of the pre-
ceding claims wherein an insulation sheet is dis-
posed over the joists to form two unventilated air
spaces.

A floor structure according to claim 10 wherein the
insulation sheet is a reflective sheet adapted to
radiate heat back into the building through the floor
panel and trap heated air in a cavity so that warmer
air is adjacent to the floor panel.

A floor structure according to any one of the pre-
ceding claims wherein the floor structure, including
the under-drawing is made of gas impermeable, or
at least substantially gas impermeable, material.

A floor structure according to any one of the pre-
ceding claims where the side beams and/or the
joists are made of metal.

A floor structure according to any one of the pre-
ceding claims wherein the under-drawing is made
of steel and/or the side beams and/or joists are
made of steel.
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