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construction panel, and to a method of building
construction. |

BACKGROUND ART

Numerous proposals have been made for the fabrication

in par

- of precast panels for use in the construction of buildings.

Such precast panels are attractive in that they enable the
walls of a building to be covered in a more economical
manner, and in a shortef space of time than with
conventional wall coverings such as bricks, stone, and the
like. '

In addition, precast panels enable buildings to be
covered in with a wide variety of different decorative
surfaces and decorative effects moulded into the precast
panels. _ ’ _

In addition, since the precast panels can be pre-
fabricated away from the building site, preferably at, for
example, a factory, factbry labour can be used usually at
higher production rates and at lower wage rates than on-
site construction labour. In addition, a greater accuracy
is possible in the production of such panels, so that the
end result in the finished building is both aesthetically
pPleasing, and is also efficient and effective.

One of the most popular forms of precast panel is a
solid panel of concrete, into which is embedded one or more
layers of reinforcing steel mesh. Usually such precast
panels are at least three inches or more in thickness.

Such panels are of extreme weight. 1In addition,'they
have a very low R value. That is to say, the thermal
insulation offered by a precast concrete panel is very
small. Variations in exterior temperature are rapidly
transmitted through to the interior of the building.

Consequently, in this form of constructlon us1ng
precast concrete panels, the panels are customar11y
supported on the building fabrlc, which may 'be ‘either
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mann&r;* and ina shorter space of time than with conventional wall
coverings such as bricks, stone, and the |ike. In addition, precast
panel s enabl e buildings to be covered in with a wide variety of different
decorative surfaces and decorative effects noulded into the precast panels.
In addition, since the precast panels can beypre- fabricated away fromthe
building site, preferably at, for exanple, a factory, factory |abour can

be usedt usual | %c@iﬁ;éﬂeg{zﬁlw,rﬁﬁ ?dt%@t &S0 Alith £ éﬂa\ﬁthéﬁgmfé_fﬁérthémbls
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effective. i t he nost popular forms.of precast panel is a solid

panel of concré%é} I'nto which is enbedded one or nore |ayers of
reinforci ng steel mddhaddikilan, hegdaysebithgertsene weightaef theee

i nches or nore gdahdifd,CkifSanchoring system whereby they are anchored to
the building must be very carefully designed to withstand
all possible stresses due to climate, length of time of
use, and also, if erected in earthquake zones, they must be

10 capable of withstaﬁding a certain degree of seismic shock.

All of these factors are very well known and
understood by construction engineers generally.

Notwithstanding the obvious disadvantages of such
solid precast panels however, they have remained in general

15 use for very many years, in spite of numerous attempts to
replace them with a more economical alternative.

For example, there is disclosed in U.S. Letters Patent
4,602,467, dated July 19, 1986, inventor H. Schilger, a
form of precast concrete panel, which is reinforced with

20 simple generally C-shaped channel sections of steel. Edge
portions of the C sections are formed in various different
ways for embedment in the concrete. Using this system, it
is said that a substantial reduction in the thickness .of
the concrete is possible. A similar system is illustrated

25 in Canadian Letters Patent 1,264,957. The steel C sections
are said to add rigidity to the thin shell of concrete
‘which forms the exterior panel.

Using this type of system, buildings were in fact
constructed, in which the building thermal insulation was

30 placed between these steel C sections. The interior wall
surface of the building, typically being some form of dry
wall panels, was attached directly to the interior edges of
the steel C sections. o

Numerous examples of earlier similar proposals are

35  illustrated in the art, listed in that U.S. patent.

There are however numerous problems resulting from the
use of this type of proposal.

- i

In the first place, concrete and steel have
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differential rates of expansié&‘and contraction.
Consequently, when exposed to extremes of heat énd cold the
steel will tend to extend or contract along its length, a
distance greater than that of the concrete. Consequently,
over timé, there will be a gradual working or movement
between the steel and the concrete, which may loosen the
bond between the steel and the concrete.

An additional problem is the fact that in such earlier

proposals, the edge portion of the steel which was embedded

in the concrete, constituted a "break line" extending,
usually vertically, along the panel at spaced intervals.
Bearing in mind that it was intended with this type of thin
shell panel to reduce the concrete thickness to less than
two inches and, in some cases, one and a half inches was
mentioned, the existence of such a continuous break line at
regular intervals across the panel constituted possible
fracture lines if the panels were exposed to unusual
shocks. ' |

While these particular disadvantages and hazardé might
not arise with any great frequency, a much more serious
problem was the problem of heat transfer. The sheet metal
reinforcement C section members, being embedded in the
relatively thin exterior concrete panel of the building,
acted as ideal heat transfer bridges transferring heat one
way or the other depending upon the season, through the
wall.

This was particularly noticeable in the colder
seasons. In these seasons, when the ambient air outside
the building is cold, and the interior of the building is
heated, heat is transferred out fhrough,the wall, along the
line of each of the C sections. This lost heat creates
cold zones in the interior walls, along the lines of the
channels. These cold zones, in turn, result in lines of
condensation of moisture, which condenses out of the air
and settles on the walls. The effect is generally known in
the construction industry as "ghosting" on the walls, and
is regarded as unacceptable under almost all buiiding

codes. .
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cohcrete colums, or steel columms, and then interior walls conplete with
insulation will usually be installed, so as to provide a stable
controllable clinmate within the building. I n addi tion, because of the
extrene wei ght of the panels, the anchoring system whereby they are
anchored to the building nust be very carefuljy designed to withstand al
possi bl e stresses due to clinmate, length of tine of use, and also, if
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increased the cost of the construction system, and as a
result, tended to discourage builders from using the
system.

10 One greatly improved form of construction panel
overcoming a number of these problems is shown in United
States Letters Patent 4,909,007, dated March 1990, inventor
Ernest R. Bodnar.

In that Patent, there is disclosed a precast panel,

15 reinforced with sheet metal stud members. The stud members
are formed with diagonal struts at spaced intervals
defining openings therebetween. In this way, the heat
transfer bridge is reduced, leading to a reduced heat
transfer path, and reducing if not completely eliminating

20 the ghosting problem.

In the system, it was possible to attach the interior
dry wall panels directly to the sub-members, thereby
- reducing the overall cost of the building system.

An additional advantage of this system was the fact

25 that the edge portion of the stud which was formed to be
embedded in the concrete was formed either as bent over
tabs or as pierced holes, so that some of the concrete in
the panel could flow through the holes or arcund the tabs,
thereby reducing the degree of weakening of the stud. 1In

- 30 addition, problems caused by differential rates of
expansion and contraction were also reduced.
| However, the stud disclosed in that patent involves
the production of a stud with a relatively high degree of
wastage of steel, caused by the cutting out of portions of

35 .the sheet metal between the struts. In addition, even

| though the embedded edge portion of the stud was formed
with holes, portions of it were still continuous, and

caused, to a minor degree, some of the problems encountered
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si hpk e general Ity G shaped channel sections of steel. Edge portions of the
C sections are forned.in various different ways .for enbednment in the
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metal web defining a generally linear edge portion along

one side, and a generally zig-zag edge along the other
side, said zig-zag edge portibn defining wider regions, and
10 narrower regions between said wider regions, and said web
extending in a generally triangular fashion from one said
narrower fegion through said wider region to the next said
narrower region, edge formations formed around said zig-zag
edge portions of said web and, attachment means at the apex
15 of each of said wider portions of said web, whereby said
attachment means may be secured to a construction material.

Thé invention further comprises such a structural
member, and wherein attachment means are in the form of
embedment formations formed at the apex of each of the

20 wider portions of the web, and wherein the embedment
formations may be embedded in a cast material for
reinforcement of the same, said cast material being free of
attachment to said web between said embedment formations.

The invention further comprises such a structural

25 member and wherein a reinforcement tubular portion is
formed along said linear edge portion, said tubular portion
being formed by folding over a portion of said web on
itself to enclose an elongated tubular regular cross
section, and including means joining the free edge of the

30 said web to an intermediate portion of said web to enclose
said tubular portion.

The invention further comprises such a structural
member wherein opening means are formed through said web
between said narrower regions, thereby forming said web in

35 the area of the said wider regions into two generally
diagonal strut portions meeting at said apex of said wider
portions. -
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-3’ differenti al rates of expansi on and contracti on. Consequently, when

posémstSd)eeems at and cold the steel will tend to extend or
contrac gth a distance greater than that of the concrete.
ConSequ there will be a gradual working or novenent

bet ween t e stee an the concrete, which_ngy_|l oosen the bond between the
steel and the concrete. An additional problemis the fact that in such
earlier: The invention further comprises such a structural

member wherein said embedment formations comprise opening
means form through said web in the region of said apex, and
tongue means bent outwardly from said web adjacent said

5 opening means, whereby said tongue means may become
embedded in a cast material, and said cast material may
flow through said opening means.

The invention further comprises such a structural
member and wherein said web in the region of each said apex

10 is coated with a synthetic plastic material, thereby
isolating the same from said construction material.

The invention further comprises such a structural
member whetein said linear edge defines a generally right
angular channel section. '

15 The invention further comprises such a structural
member and including a continuous attachment strip secured
to the apex of each of said wider portions of said web, and
extending generally parallel to but spaced from said linear
edge of said member, and thermal break means interposed

20 between each said apex and said attachment member.

The invention further comprises a method of
constructing a building panel and comprising the steps of
assembling a plurality of structural members each of which
comprises a sheet metal web defining a generally linear

25 edge portion along one side and generally zig-zag edge
portion along the other said side said zig-zag edge portion'
defining wider regions and narrower regions and said web _
extending in a generally angular fashion from one said '
narrower region through said wider region to the next said

30 narrower region and defining apexes in said wider region,
into a reinforcing frame work, pouring a castable
construction material in a form to a predetermined depth,
and placing said reinforcing frame work of structural
members with said apices of said webs extending partially

35 into said castable material, permlttlng said castable
material to cure, and removing said composite panel ‘from
said form work. '

The invention further comprises a method of
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pr ommg%héﬂkhs edge portion of the steel which was enbedded in the
concr ehiced 3 "break |ine" extending, usually vertically, along
t he pﬁﬂlm@ intervals. Bearing in mnd that it was intended with
this't hel | panel to reduce the concrete thickness to |less than

two inches and, in sone cases, one and a hakf _i nches was nentioned, the
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engaging said structural members, and said form work, while
prermitting portions of said structural members to extend

upwardly above said form work pouring a castable

10 construction material on said form work, and allowing same
to flow around said upstanding portions of said webs of
said structural members, allowing said castable material to
cure, and thereafter removing said form work supports and
said form work from the floor whereby forming an integral

15 cast floor slab, together with embedded structural membér
supporting the same. |

The invention further comprises a method of forming a
pair of said structural members simultaneously from a
- single elongated strip of sheet metal and comprising the

20 steps of severing said strip sheet metal along a pre-
determined zig-zag separation path, dividing said strip
into two portions of equal area on opposite sides of said
separation path thereby separating said strip into two
strip portions each having a generally zig-zag edge

- 25 formation, said formations being in generally inter-fitting
relation, forming edge formations along said zig-zag edges
of each of said strip portions, and forming linear edge
formations along edges of said strip portions remote from
' said zig-zag edge formations.

30 The invention further comprises such a method of and
including the steps of punching out openings in each of
said strip portions, in wider regions of said web defined.
by said zig-zag edges thereof, and forming edge formations
around said opening means. '

35 The invention further comprises such a method and
wherein said strip portions define outer edges remote from
said zig-zag edges, and including the steps of bending said
outer edges into a generélly tubular formation, and



seasqﬂ asons, when the anbient air outside the building is

col d, of the building is heated, heat is transferred out
throu ong the line of each of the C sections. This | ost heat
creat n the interior walls, along the lines of the channels.

‘These cold zones, in turn, result in I|ne§_ condensation of noi'sture,
whi ch condenses out of the air and settles on the walls. The effect is
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and is regard as una al rost all bui] codes
1ntermed1ate portlon of each said str1p p tlon, ‘whereby to

secure same in its tubular shape.
The invention further comprises such a method and
5 including the step of forming further opening means in said
wider portions of said zig-zag edges of said strip portion,
and bending tongue portions of said web portions outwardly
from said further opening means.
The various features of novelty which characterize the
10 invention are pointed out with more particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invéntion, its operating
advantages and specific objects attained by its use,
reference should be had to the accompanying drawings and
15 descriptive matter in which there are illustrated and
described preferred embodiments of the invention;
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic perspective illustration

showing a building in a first stage of construction:
20 Figure 2 is a schematic illustration of the same
building showing it in a later stage of construction;
Figure 3 is a perspective illustration of a typical
construction panel incorporating the studs of the
invention, partially cut away to reveal its construction;
25 Figure 4 is a greatly enlarged perspective
illustration of a portion of Figure 3;
Figure 5 is a section along the line 5-5 of the panel
of Figure 4;
' Figure 6 is a section along the line 6-6 of Figure 4;
30 Figure 7 is an enlarged section along the line 7-7 of
Figure 6; ' '
Figure 8 is an enlarged partially cut away perspective
illustration of a portion of the structural member;
Figure 9 is a section correspohding to Figure 6,
35 illustrating a further embodiment of structural member;
Figure 10 is a section corresponding to Figure 9,
showing its further form of structural member;
Figure ll_is a section corresponding to Figure 9,
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contact with the C sections. However, this greatly increased the cost of
the construction system and as a result, tended to di scourage buil ders
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5 Figure 13a is a top plan view, illustrating a sheet
metal blank, at one stage during the formation of a pair of
the structural members of the invention;

Figure 13b is a top plan view corresponding to'Figure
13a at a later stage in formation of the same pair of

10 structural members;

Figﬁre 13c is a schematic section of illustration
partially cut away, showing a still later stage in the
formation of the'pair of structural members of Figures 13a
and 13b. _

15 Figure 14 is a side elevation of a further alternate
embodiment of the invention, and,

Figure 15 is a perspective iilustration showing a
method of attaching tw§ portions of the structural member
to one another.

20 MODES OF CARRYING OUT THE INVENTION
Referring first of all to Figures 1 and 2, it will be
seen that what is represented there in generally schematic
form is a typical, relatively simple building under the
course of construction. Figure 1 illustrates the first
25 floor of the building which is illustrated generally as 10,
with exterior walls 12, 14, 16, 18, being completed, and
with é floor 20 having been poured of concrete. .
What is illustrated in Figure 2, is a partial stage in
the construction of the second floor of the building of
30 Figure 1. '
As will be apparent from Figure 2, the walls 12, 14,
16, 18 of the building are fabricated of composite precast
panels which are indicated generally as 22-22 and so on.
While the same reference numeral is indicated
35 generally as representing all such panels, it will be
appreciated that.the panels may be of different shapes and
sizes. Some of the panels may simply define a blank wall



are ] | al struts at spaced intervals defining openings
thérgﬁﬁgﬁg”%&h n ke g:(sgg]way, the heat transfer bridge is reduced, leading to
a redaggmmuu [H fer path, and reducing if not conpletely elimnating
the g In the system it was possible to attach the
interior dry wall panels directly to the sub-b@mbers, thereby reducing the
overall cost of -the building system An additional advantage of this

system was t he faurfaget tAthesgeofotheopapelishdan dnosrprarates wiedmd to
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degree of wast agbowhn)st ofl anyaofed wartikdycoift magenitalsf wikdch may ofary
from glass, to marble, to simulated brick facing, metal,
aggregate surfacing, and even synthetic plastic material,
to name only a few of the different surface finishes that

10 may be applied to such panels.

The details of such surface finishes on such panels
are well known to persons skilled in the art, and
consequently no specific description of such finishes or
how they may be applied is required here.

15 Referring now to Figure 3, it will be seen that this -
represents a typical panel 22. The panel 22 will be seen
to be compriéed of a continuous layer 26 of a castable, or
settable material, in this case concrete, being reinforced
by typically a layer of reinforcing mesh 28, such as is

20 well known in the art. Typically the cast material may be
anywhere from 1" to 1 1/2" or 2" in thickness, and will in
any event be much less than the thickness of an equivalent
layer of plain pre-cast concrete material,'such as is. known
in the prior art.

25 'Layer 26 is further reinforced by a plurality of
spaced apart steel studs 30. Typically the steel studs 30
will be spaced apart on for example 24" centres, although
in some cases 16" centres may be required. Nothing turns
on the specific spacing, except that it should be suitable

30 for the building requirements of the building under
construction. .

In addition to the vertical studs 30, transverse .
horizontal top and bottom plate members 32 and 34 are
provided, to provide a complete reinforcing framework for

35 each of the panels. The plates 32 and 34 may be made of
the same material as the studs 30 themselves or may be made
of different shapes and sections of material if required.

In the case of Figure 3, plates 32 and 34 are
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DI SCLOSURE OF INVENTICN Wth a view to-o¥kreom ng the various

di sadvant ages noted above, the invention conprises a sheet netal
illustrated in the form of simple channel sections having

web portions 32A, 34a and edge wall portlons 32b, 34b.

As will become apparent from the following

description, the studs 30, and also preferably the plates

5 32 and 34 are all formed of sheet metal, being
advantageously formed by cold roll forming techniques,
which provide for high production rates and consistent
quality, in a highly advantageous manner.

Reference now may be made to Figures 4, 5 and 6

10 wherein the construction of the stud 30 is illustrated in
more detail.. _

The stud 30 will be seen to comprise a first generally'
linear edge 40, and a second generally zig zég edge 42.
Between the edges 40 and 42, a web 46 of varying width of

15 sheet metal extends from one edge to the other in a
generally zig-zag shape as shown. '

The linear edge of the stud may be made in a variety
of different shapes, to achieve a variety of different
results; In the example shown in the Figures 4, 5 and 6,

20 the linear edge 40 of the web is formed into triangular
tubular reinforcing flange portions 46, 48 and 50 and an
edge flange 52. Edge flange 52 runs parallel to the web,
and is secured thereto by any suitable means, for example,
by spot welding, or any other suitable means. In the

25 particular example illustrated, the preferred method of
attachment is by what is know as “tbggle“ rivetting as at
53 (Figs 6 and 77. In this system, a die is punched into
the sheet metal, and the sheet metal is extruded into an
oversized die recess, so that a form of "stitching" of the

30 two pieces of sheet metal takes place (see Fig.7). |

This is however merely one of various convenient
methods of securing thelflange to the web.

It will be observed that in this way a hollow
contihuous triangular formation is provided having great

35 strength and structural rigidity.

Such a form of structural member or stud may have a
substantial load bearing capacity, and may be used for
exterior walls up to a considerable number of building



stTucturﬁmsmﬁabﬂgBé@R. in the formati on of a cast construction panel

whi ch ne onprises a sheet netal web defining a generally
| i near ed g one side, and a generally zig-zag edge along the
ot her side, edge portion defining wder regions, and narrower

regi ons betmeen sald mnder regions, and saidaweb extending in a generally
triangul ar fashion fromone said narrower region through said w der region
to the next saistordigsawer region edge formations formed around said
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material for the same way.

For a lighter load bearing capacities,'and.for
interior walls, the triangular formation along the linear
edge of the stud will not always be necessary, as will

10 become apparent as following description proceeds.

The web 44 defines generally triangular shape having
apices 60 at the widest points and throats 62 at the
narrowest points. A continuous edge flange 64 is formed
along the free edge of the web, which zig zags from apex to

15 throat and back to apex and so on. In the wider
portions of the webs, that is to say more or less in
registration with the apices and between any two throats,
the web is preferably, although not essentially, pierced or
formed with an opening 66. Preferably, around the edge of

20 the opening an edge flange 68 is formed.

- In this way each of the webs is formed into a
generally triangular shape having two, more or less
diagonal strut-like formations joined integrally at their
apices. At the same time, the "thermal" bridge effect of

25 the web is reduced to the extent that metal is removed at
such openings. _ .

~ From Figures 5, 6 and 8 it will be observed that each
of the apices of the webs is formed with a struck out
tongue 70, leaving an opening 72 forming an attachment

30 means for the cast panel exténding therethrough at the
apex. Preferably each tongue 70 is struck out to one side
of the web, opposite to the side on which the edge flange
64 extends from the web.

In this way, the tongues 70 and flanges 64 extending

35 on opposite sides of the web, provide for panel attachment
means having particﬁlar advantages described below.

When incorporated for the purposes of reinforcing a
thin panel of concrete as shown in Figure 5, the apices are



reinforc This Shect Hae B said cast material being free of attachnent to
said meb nbednent formati ons. The invention further
conprise ural nenber and wherein a reinforcenment tubul ar
portion is forned al ong said |linear edge portion, said-tubular portion
being forned by folding over a portion of saihd web on itself to enclose an
el ongated tubul ar regul ar cross section, and including neans joining the

free edge of th@mwadteuﬂiﬂﬂbeunérﬁf&éﬂﬁﬁEtnbrﬁuﬁéfétéﬁ1éyéﬂ Zed & oaepehose
said tubul ar porti

- The_invention further se
Structural menb R SARE Fb R SR (T TNE Sh HPactPhesseeh
sai d narrower rdjieomsbs hayEicdldyriupy tsaiabowd 3/¢t heimrihe o¢a$eeo£aad1—
wi der regions |3 o3 neral Iy diagonal strut portions neeting at said
er p

apex of said w rtlons
5 In this way each apex of each web is securely embedded

in the material and the material flows around the

attachment means comprising the flange 64 of_the web on one

side, and around the tongue 70 struck out from the web on

the other side, and through the opening 72 thereby forming
10 a good secure bond around the apex portion of each web.

In between the apices however it will be noted that
the studs are free of attachment to the cast panel.

Consequently, differences in the rates of expansion
and contraction between the sheet metal and the cast

15 material will have little if any effect on the security of
the attachment of the cast material to the studs.

It will of course be appreciated that once fabricated,
the panels in accordance with the invention may readily be
attached to a building framework which may be made up of

20 concrete or structural steel columns, to form the exterior
walls on such a framework. In addition, such panels may be
used to form interior walls if desired.

Such panels may be cast with a variety of exterior
finishes and surface effects and detailings and mouldings

25 all such as is well known in the art. .

It will also be appreciated that the studs, being
located typically on 24" centres forming part of an
integral generally rectangular frame work (Fig.3) provide
an excellent secure method of securing the panels in

30 position on the building, while permitting a minimum of
thermal transfer through from the interior to the exterior.
At the same time, expansion and contraction of the steel
relative to the concrete panels due to thermal forces,'has
a negligible effect upon the security of the embedment of
35 the apex portions of the webs in the panels.
_ Typically, building panels will be fabricated in a
- factory, away from the building site. Typically a
generally horizontal form (not shown) is laid on a



-6- . The invention further conprises such a structural nmenber wherein
said e B@m cgps conpri se opening neans formthrough said web in
the reg X, and tongue nmeans bent outwardly fromsaid web
adjacen nmeans, whereby said tongue neans nmay becone enbedded
in a cast naterlal nd said cast materi al gy flow through said opening

nmeans. The |nvent|on further conprises such a structural nmenber and -
wherein sai d helrizonts egifaten| Ecaitretiel apexther cosdtable thuil dimg het i ¢

plastic naterh%%e:ﬁgﬁr§2¥poured into the form, with or without an _
exterior surface finish having been first of all applied.to
the bottom of the form. The rectangular frame work of
5 studs and plates as shown in Figure 3 will have been
assembled elsewhere in the plant. Typically the network of
reinforcing rods 28 may be simply tied or fastened to the
webs by wire ties u (Figure 5).

The assembly of the stud frame work and reinforcing

10 rods is then lowered down into the form, and is allowed to
sink into the concrete to a depth egqual to usually about a
1/2 or somewhat less than the thickness of the panel being
poured. The material is then allowed to cure after which
it is removed from the form.

15 It will of course be appreciated that in some cases it
may be desirable to insulate and pre-finish the walls in
the factory. This can simply be achieved by placing
insulation material (not shown) between the studs, and then
by securing interior wall panelling such as dry wall panels

20 p (Figure 5) to the linear edges of the webs. :

In addition, where the panels incorporate window
openings, the windows closing in those openings can also be
installed in the factory prior to shipment to the building
site.

25 It wi;l be appreciated that the overall weight of each
panel in accordance with the invention is substantially
less the overall weight of a typical solid precast concrete
panel. Consequently, a larger number of panels of the
invention can be shipped on algiven method of transport.

30 Typically this will be a flat bed tractor/trailer, so that
the shipping and trucking costs of the panels will be

- substantially reduced. .
' In addition, since the panel weight'is much less than
~that of conventional solid panels, the footings and

35 specifications of the building itself may also be
substantially reduced, or the floor loadings increased. _
Conversely, for a given building design, it may be possible
to erect several more stories, using the panels in '



| sol.ati the same fromsaid construction materi al. The invention

further @ékas Rpcy Structural nmenber wherein said |inear edge defines
a genera | ar channel section. - The invention further
conpri se ﬂﬂtur al menber and including a continuous attachnment
strip secured to pex of each of said Wsgder portions of said web, and

extendi ng generally parallel to but spaced fromsaid |inear edge of said

menber, and tf&'d@éddﬂ@‘ivmf&é @ﬁ&%ﬁhbe&m eﬁéhosatémp%tamd sai d
.attachnent menber . he |nvent|on f ther co t%es a peth
t

constructing &GNy %é’ft no‘f‘s%&geﬁ‘a?’i‘ﬂg a
plurality of <tonetetteal nenbers each of mhlch conprlses a sheet netal web

defining a general Iy | .4 g r d e
zi g-zag edge porti 01%1 a;} on luﬁi’g alﬁerﬁéslgﬂﬁ %ﬁg& sard éiglgegg lgdégé%lrigflgﬁ
defini ng & dewitdyithe Jemcﬂmairqrowes magh oers ted, saiucecbhexhandlipgin a
general |y angWffi dotsf¥ Mhdh UR Wi Al £5We] 1 k&0 P11 LAGPUBE sahdi yeder

region to the next sa
to handle such heavy loads as in the case of solid precast

concrete. It will be observed that since the thermal
bridge effect of the studs in accordance with the invention

10 is minimized, and that where dry wall is applied to the
interior or linear edges of the studs, heat transfer will
be minimized, and ghosting will be substantially
eliminated, without the need for special additional
insulation being applied to the stud surfaces at the

15 interior of the building, as was the case in the past.

In accordance with a particularly advantageous feature
of the invention, the spaces between any two vertical studs
in a panel may, if desired, be used for pouring vertical
columns for supporting the building structure. Such

20 columns are indicated generally as C in Flgures 1l and 2.

In order to form such columns C, formwork panels 73
(Fig. 3) may be attached to any adjacent pair of studs 30.

Openings 73a and 73b are formed in the upper and lower
plates 32-34 respectively in registration with the space

25 between the selected pair of studs 30. Reinforcing steel
'rods are will be incorporated between the two studs 30 in a
manner well known in the art.

When such a panel is assembled in this way and placed
in a building structure under construction (Fig.2) the

30 columns may simply be poured in place by for example for
use of a typical concrete pouring bucket. ' ' '

When the next story of panels is erected, similar
formwork 73 and openings 73a-b will of course register with
the columns in the lower panel, so that the columns

35 supporfing the building will be continuously poured, from
floor to floor, at the same time as the walls are placed in
position, and at the SAme time as the floor 20 is also
being poured.



narnoweﬂ$E§&59ﬁs and d f|n|ng apexes in sald wi der region, into a

relnforC| ourlng a castable construction material in a form
to a pre m and placing said reinforcing frame.work of
st ruct ur sald api ces of said webs extending partially into

sai d castable material, permtting said castygplee material to cure, and
renovi ng said conposite panel fromsaid formwork. The invention

further conprises a A@t4ogeSHilt the entire building is poured in a series
of floors, each floor, and its associated columns, forming
a continuous homogenous structure throughout each story of
the building, from one flocor through the panels in
5 accordance with the invention, to the next wall and so on.

The formwork 73 may be removed after suitable curing
time has elapsed. Alternatively, in some places the
formwork may simply comprise a portion of an interior wall
finish, and be left in position.

10 It is also be apparent to those skilled in the
construction industry that if desired, the columns C could
be poured in place in the wall panels 30, while the wall
panels 30 were actually being poured and cured in their
horizontal framework. In other words both the wall panels

15 and the columns could be precast in a factory remote from

| the building site.

It is a simple matter to erect the wall panels 22, in
position, and secure the bottom of each of the precast
columns to the floor 20, and pouring the next floor 20

20 after erection of joists and formwork for pouring the
flooring'of the next floor of the building, as will be
described below.

In accordance with a further advantageous feature of
the invention the apices 60 of the webs may be coated with

25 or dipped in any suitable synthetic plastic material.
Typically this will be an epoxy based material, and the
coating or dipping will be applied as shown by the coating
layer 74 in Figure 8. The effect of applying this coating
layer at this point is twofold.

30 In the first place, it provides a further thermal
barrier to the transfer'of heat between the concrete panel
itself and the reinforcing studs. In addition however it
provides an additional coating on the studs. Studs for the
purpose of reinforcing concrete panels of this type are

35 almost always made of galvanised sheet metal, so as to
‘resist corrosion. However, as is well known such
galvanising is not always a permanent solution to the
problem of corrosion.



-7 constructlng Ievel portion of a building and conprising the steps of

erecti such structural nenbers according to the invention
in a ge ﬂ I rse horizontal fashion as spaced apart intervals,
pl aci ng etween said structural nenbers, supporting said form

wor k .by formwork support neans engagi ng sagg structural menbers, and said
formwork, while permtting portions of said structural nmenbers to extend

upwardly above sai dIhoéEt&QBEnEQUh&%ﬁ %n@&fzﬁ#armwstﬁw&twrtdaﬁg alf on
said formwork,_ and a ng.same QM/ar nd S standlég partions

of said webs o#h§aP81§F?ueﬁuF§F ﬁﬁﬁﬂéry th | ndt®ial to
cure, and thershééermeeaDmegtheldthdsnuwo@uhsnanﬂﬁaikyutcmpnéﬁarynwnrk
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conpri ses & nethomodsthgenonmgoiher chemlcal contents in the concrete, or
other cast material where other materials are used, will be
substantially eliminated.

It will be apparent from the foregeing description
that studs, joists and other structural members, may be

10 made in accordance with the invention in a variety of
shapes and for a variety of specifications and purposes.

Figure 9 illustrates a lighter duty form of stud
indicated generally has 80. Such a stud 80 has a linear
edge 82 and a web 84 formed with openings 86 therethrough.

15 Apices 88 of the stud 80 are provided, substantially
same as in the case of the stud of Figure 5.

However, the linear edge 82 of the stud is provided'
with a simple C-section, comprising the facing flange
portion 90 and the return reinforcing flange 92.

20 While such studs will not have so great a load bearing
capacity as the stud illustrated in Figure 5, they may be
used in many cases for exterior wall panelling where the
exterior wall panelling is not required to carry a
substantial loads. In addition, they may be used for

25 interior walls and building partitions.

In Figure 10 a further form of stud is illustrated.
In this case, the stud illustrated generally as 100 has a
web portion 102 with a zig-zag edge 103 and formed with
openings 104 therethrough. A linear edge 106 is formed

30 into a triangular tubular formation as in the case of
Figure 5. Apices 108 are formed on the web.

However, in order to provide an alternate form of
attachment, a continuous channel 110 is secured along the
apices of the web, being fastened thereto for example by

35  "toggle" fastenings 112. 1In order to provide a thermal
break, a layer of synthetic plastic material 104 is
provided between the apices, and the channel 110.

Figure 11 illustrates a still further form of stud



pair lmg g&pl menbers si-mul taneously froma single elongated

strlp and conprising the steps of severing said strip sheet
nmet al eterm ned zi g-zag separation path, dividing said strip
into t equal area on opposite sides of said separation path

t her eby separatlng said strip into two stripgportions each having a
general |y zig-zag edge formation, said formations being in generally

inter-fitting nebat i 9, th@"s”b'%%eeﬁgﬁehoﬂlz@t RS Al 7 (éd?geg-lm S ess of

each of said s ortions, and for i near ed for tions on, edges
of said strip % F‘anylft EDL PG %?4d%?1 q /i Gd %a q’

i nvention furtapﬁcesnnsnsesThachlaeaEtbd@eoﬂzmndslﬂﬂnmkdu;ntzagdnﬁraxﬁy C
bunchl 09 out cBgerlen, | 116330, koS Ao B BaRgidd U, A Sy TR AP Of

said web defined by sdi d"zi g-za ges , and forn1ng e
around said opérrngedeios the apu:les 138ec @i d?rha‘ websor d’orﬁhem dirsek is

met hod and whepepdidaud byt MeBnROLE 8NP18&fiRe R 1999eS TH UM 140
is secured to the apices of the webs by means such as
"toggle" stitching 144.

It will be appreciated that with the variety of

10 different sections illustrated, it is possible to design
and fabricate a steel stud for constructing load bearing
walls and for constructing light weight wall panels, and it
is also possible to increase the specifications of the
studs so as to provide load bearing joists and other heavy

15 'duty structural steel members for flooring, roofing and the
like in all forms of construction.

Thus, for example the structural members of the
invention, as is shown in Figure 12 may be used as joists
150-150 for the supporting of a floor. A floor is to be

20 poured out of concrete material, and for this purpose
-horizontal form work is required, as is well known in the
art. In accordance with the invention, the joists 150 are
fabricated in this particular embodiment in the manner
shown in Figqures 5, 6 and 8. Hoﬁever, the specifications

25  of the gauge of the sheet metal, and the dimensions of the
webs will be suitably adjusted, so as to have the
appropriate load bearing capacity for the span of floor
being erected.

It will be appreciated from Figure 12, that the joists

30 150 in accordance with the invention having apices 152 may
be embedded in the floor, which is poured in place in the
building, so0 as to provide a completely seamless one piece
integral floor, with its own embedded joists supported in a
highly advantageous and economical manner.

35 . For this purpose, the joists are supported across the
building at appropriate centres, typically being 24"
centres or whatever spacing may be required for that
particular building. Form work panels 153 are then placed



said zig a e e |ncluding the steps of bending said outer edges
|nto ar for.mation, and

- 8- |Ee edge of sai d outer ridges to an internediate
portlon trip portion, whereby to secure sane in its tubul ar

shape. The |nvent|on further conprisesjiguch a nethod and including the
step of formng further opening neans in said

between the joists, spaced somewhat below the apices 152 of
the joists, and their corresponding tongues 154.

In order to support the formwork at this level, a

system of form work clamps 160 is provided. The clamps

5 160 consist essentially of a lower bar member 162, and a
pair of upper bar members 164-164. Links 166 connect the
upper bar members with the lower bar membef. Scissors
links 166 connect the links 164, with an operating screw
168 and nut 169. By means of a hand wheel 170, or other

10 suitable formation, the screw can be rotated, thereby
forcing the scissors linkage outwardly and upwardly. This
in turn will cause the links 166 to swing upwardly, thereby
moving the upper clamping bars relative to the lower bar.
In this way, the formwork panels can be supported at the

15 desired level, leaving apex portions 152 of the webs
extending upWardly above the level of the form work panels
153. - |

When the concrete is then poured on the form work
panels, it will flow around the apices of the webs,

20 essentially in the same way as described in connection
with the panels of Figures 3 and 4.

The floor is then allowed to cure, leaving a solid
integral one piece structure. }

The formwork is then simply removed by releasing the

25 screws and removing the clamps and form work from
underneath the floor. |

This is in fact what is illustrated in schematic form
in Figure 2, wherein a portion of the floor 20 is indicated
as having been poured and, portions of form work, with apex

30 portions 152 of the webs of the joists 150 extending |
upwardly therefrom are genérally illustrated.

It will of course be appreciated that the scale and
relative sizes of various components in Figure 2 has been
somewhat altered for the sake of illustration only, simply

35 for the purposes of explanation of the principle of the
invention. _

It will be appreciated that in accordance with the
invention two such structural members may be associated



wi der_portions of said zig-zag edges of said strip portion, and bending
tongug11 ' e R ¢dd web portions outwardly fromsaid further opening
neans:J , ﬂ“{ Eus features of novelty which characterize the

[

I nvent out with nore particularity in the ¢lainms annexed to
and formng a part of this disclosure. Far g, hetter understanding of the
I nvention, its operating advantages and specific objects attained by its

use, referencer§§ethérbeo h@dkéOatsﬁngséoaaﬁms'sﬁgedg%%&ﬂﬁramdméem&i ptive
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bui I di ng show stage of construction; Figure 3 is a
perspectiwe illustritiwvhlbfbe seenctid comprisget rofiipshebstrnctugedamemperhe

studs of the i ¥2Nsh@Na LEEOAAE! S¥raEtuPHeYmbAbEEYEBY .1 { BEaCANSE Yhk ON;
structural members 182 and 184 is of identical construction
and is generally similar to that illustrated for example,
in Figure 5. '

10 Further, the two structural members 182 and 184 are
placed with the apices 186 of the webs in registration with
and actually in contact with one another. The apices are
then fastened or secured together in any suitable manner
for example, by spot welding or the like.

15 . Preferably, in order to provide a secure sclid
attachment, the apices 186 are formed with flattened
regions 188, to provide for a high degree of integrity and
strength at the junction between the two structural
members.

20 Such composite structural members will have unique
properties in that they are fabricated at low cost from
sheet metal, and yet have high strength and great load
bearing capacity relative to the weight of metal in a given
length of structural member. In addition, the cost of

25 fabricating such composite structural members is
considerably less than the cost of construéting structural
members having an equivalent strength, using conventional
techniques. '

In accordance with a further highly advantageous

30 feature of the invention, the structural members of the
invention will p:eferably be formed by cold rolling and
cold forming techniques, as illustrated generally in
Figures 13a, 13b and 13c. Essentially, in accordance with
the practice of the invention it is possible to form two

35 separate structural members out of a single continuous

:strip of sheet metal. This greatly reduces the wastage of
sheet metal which was inherent in open work structural
members such as are shown in U.S. letters Patent 4,909,007



e enl arged perspective illustration of a portion of
Flgur ure 5is a section.along the line 5-5 of the panel of
Flgur ure 6 is a section along the tine 6-6 of Figure 4;

gure 7 |s an en ged section along the line 7-7 of Figure 6;
Flgure 8 is an enlarged partially cut away pgqrspective illustration of a
portion of the structural nenber; Figure 9 is a section correspondi ng

to Figure 6, iddfesire it a’bcfvzﬁéh@[s%ﬁlﬁﬁhnﬁﬂtf’ﬂéuﬁérmw@sﬂ?@eﬁoo ?f
Faure 10,75, 2 ikl SR SILIRAS, SRS, aeb Ml el yThlEC or
9, galvanlzed steel of a suitable gauge, is passed along a

cold forming line, during which passage the strip 200 is

5 severed along the zig-zag partition line 202. Preferably.

in order to form webs with openings such as shown in

example Figure 5, openings 204 are formed through the webs

during the same continuous cold forming process.

At a subsequent stage in the cold forming process as

10 shown in Figure 13b edge flange formations 206 are formed
along the zig-zag edges of the two strip portions 200a and
200b. These will form the edge flange formations on the
eventual structural members already described above.

It will be noted that the line of the partition 202 is

15 closer to the edge of the flange 206 at the apex 208 of
each web and, is furthest from the flange at the throat 210
of each web. ' ,

In this way the edge flanges 206-206 which are formed
along the zig-zag edge of each of the two strip portions

20 200a, 200b varies from a minimum width at the épex 208 to a
maximum width at throat 210. This provides valuable
additional strength to the structural member in areas where
it is required. .

Similar edge flanges 212 are formed around openings

25 204, and are bent outwardly therefrom at the same stage in
the operation.

Furthers openings 214 are formed at the apex 208 at
each of the webs, and the material struck out .from the
openings 214 is used to form the tongues illustrated in the

30 structural member for example in Figure 5.

Along both sides of the strip 200, edge flange bends
216 are formed, to form first edge flange formations.
Further edge flange bends 218-218 are formed spaced from
the bends 216, and parallel to them (See Figure 13c). Thé

35 strip is defined by its two free edges 220-220

In this way a continuous generally C-section linear
edge flange formation is provided along the edges of both
studs simultaneously similar to the embodiment illustrated



-9- Tﬁpg ﬁﬁsh&ﬁ [tder structural nenber; Figure 12 is a section
corre ure 6, showing the use of concrete formwork, and a

for ﬁﬁ evi ce; Figure 13a is a top plan view, |IIustrating
a sh at one stage during the formation of a pair of the
structural nenbers of the I nvention; Figure 13b is a top plan view
corresponding to Figure 13a at a later stage In formation of the sane pair
of structural ire 9. &wrﬁaﬂﬁ%fssaxégheﬂaélsoﬁﬁéalaﬁeOiuustrated

il lustration partl cut away a still later stage in the
formation of tH& % Qﬁl?ﬂriRRQﬁgﬂr%ég%%rs of Figures 13a

These steps are of course carried out by continuous

roller die stands which are located on the cold forming

5 line downstream from the severing portions of the line, so
that the severing of and edge-forming of the zig-zag edge
and openings takes place first, after which the linear edgé
flange formations are then bent progressively by
longitudinal roll forming in well known maﬁner.

10 The continuous zig-zag severing, and punching of
openings, may be performed by machinery illustrated in U.S.
Letters Patent No.4,732,028 dated March 22, 1988 Inventor
Ernest R. Bodnar, which machinery is particularly suitable
for the cold forming of sheet metal to sever the same and

15 to form flange formations therein in a continuous non-stop
operation.

Accordingly, such machinery is not illustrated herein,
since it is already illustrated in sufficient detail in the
aforesaid patent.

20 Figure 15 shows an alternate mode of securing the free
edge of the linear flanges, to the intermediate portion of
the web. In this case, tongues 230, 232 are punched out of
both the free edge of the web, and of the intermediate
portion respectively. The tongues are bent over as shown

25 to secure the two web portions together.

The foregoing is a description of a preferred
embodiment of the invention which is given here by way of
example only. The invention is not to be taken as limited
to any of the specific features as described, but

30  comprehends all such variations thereof as come within the
scope of the appended claims.



arid 3§p3h BEh@fifted4 1S @ side elevation of a further alternate

enbo vention, and, Figure 15 is a perspective

“illust aﬂ ﬂl a method of attaching two portions of the struct ural
nenber MODES OF CARRYI NG OUT THE | NVENTI ON Referring

first of all to Flgures 1 and 2, it will beygeen that what is represented
there in generally schematic fOfﬁ]IS a typlcal relatively sinple building
under the courgga@pmgconstruction. Figure 1 illustrates the first floor of
t he building which [s |IIustrated enerall as 10 wi.th exterior walls 12,
14, 16, 18, being cénpl efe £ MARMGF R Yitkuridy e
concret e. f&bﬁhtnanlbEuaIn@h&&rmmtEb@ummﬁélIGQZ%[ﬂnﬂmeﬂ off agest n t he

construction of.t0e;35CRRd chl fRkndr,! 1% RYd Wondrideire 1.

5 a sheet metal web (44) lying in a predetermined plane
and defining a generally linear edge portion (40) along
one side, and a generally zig-zag edge portion (42) along
the other side, said zig-zag edge portion defining wider
regions?oand narrower regions (62) between said wider

10 regions (60), and said web extending in a generally zig-zag
fashion from one said narrower region through said wider
region to the next said narrower region;

edge flange formations (64) formed around said zig-zag
edge portions of said web and extending at an angle to said

15 predetermined plane, and,

cast panel attachment means (70) at the apex of each
of said wider portions of said web (44), whereby said apex
of each said web (44) may be secured to said cast
construction panel (22) with said structural member being

20 free of attachment to said cast panel (22), between said.
. apices of said web. . _

2. A sheet metal structural member, as claimed in
claim 1 wherein said attachment means (70) are in the form-
of embedment formations formed at the apex of each of said

25 wider portions of said web, and wherein said embedment
formations may be embedded in said cast material (22) for
reinforcement of the same, said cast material being free of
attachment to said structural member between said embedment
formations. | |

30 ' 3. A sheet metal structural member as claimed in
Claim 1 and wherein a reinforcement tubular portion 46, 48,
50 is formed along said linear edge portion (40), said
tubular portion being formed by folding over a portion of
said web on itself to enclose an elongated tube of regular

35 cross section, and including means (52) joining the free

- edge of said web to an intermediate portion of saxd web to
enclose said tubular portion.

4, A sheet metal structural member as claimed in
. ) - .

{0 I



Wikdg QfH% arent fromFigure 2, the walls 12, 14, 16, 18 of the
bUI|d ed of conp05|te precast panels which are indicated
gener IMHW F:d SO on. Wil e the sane reference nuneral is
|nd|c y as representing all such panels, it wll be

appreciated that the panels nmay be of differgnt shapes and sizes. Sone of
the panels may sinply define a blank wall

- 10 - surfacela@whar ynefrelife danfiing Wand CEPP AtE M sy through said
web between said narrower regions (62), thereby forming
said web (44) in the area of the said wider regions (60)
into two generally diagonal strut portions meeting at said
5 apex of said wider portions.
5. A sheet metal structural member as claimed in
Claim 1 wherein said embedment formations comprise opening
means (72) form through said web in the region of said
apex, and tongue means {70) bent outwardly from said web
10 adjacent said opening means, whereby said tongue means may
become embedded in a cast material, and said cast material
may flow through said opening means.
6. A sheet metal structural member as claim 1
wherein said web (44) in the region of each said apex is
15 coated with a synthetic plastic material, thereby isolating
the same from said construction material.
7. A sheet metal structural member as claimed in
Claim 1 wherein said linear edge (40) defines a generally
right angular channel section.
20 8. A sheet metal structural member as claimed in
Claim 1 and includingra continuous attachment strip secured
'to said apex of each of said wider portions of said web,
and extending parallel to but spaced from said linear edge
of said member, and thermal break means interposed between
25 each said apex and said attachment member.
9. A construction panel for use in the erection of
buildings, and comprising;
a panel (22) of castable construction material of
predetermined thickness, and having first and second sides;
30 a piurality of structural members, reinforcing said
panel on one said side, at least some of said structural
members comprising a generally linear edge (40), and a
generally zig~zag edge (42), and a web (40) extending
between said linear edge and said zig-zag edge, said zig-~
35 zag edge defining apices (60), and throat portions (62),
and, |
embedment formations (70) formed at said apices, and

embedded in said one side of said panel thereby securing

O N



opénfngsmsmM&hhasaﬁ 4aplaend ot hers of the panels may incorporate door
openings It will also be appreciated that sone of the
panel s, ngs, may have an exterior finish (not shown), of any
of a var| | s which may vary fromglass, to marble, to

sinmul ated brick faC|ng, metal , aggregate sukfgaci ng, and even synthetic
plastic material, to nanme only a few of the different surface finishes that

" may be applied dnidusth Pedst Ssome of T dles 8irhSt@fa b Usdmbers 266 Ehpgshes on
such panels are well] known to persons skilled in the art, and consequently

no specific deR4MPt1on of such finishes or how they may be applied is
requi red here. Fef erk i cansionuc ol dn geairee B, aetcmaimemelneenalmaQ ahds

 Cont i nuoue | SHSroRP pEla Seod (il ol -7 RFE,LA, IF CPAR bRCC ©

concrete, Bei ndide rﬁ%ﬁ%lekﬁbwnw%aém@re relation, r@m@fm@m@mﬁshopsand
such as is wel Ipdeeild £rand andtiberd YPZ2l 3¥) td6cePel tRELELS! TR¥rEBy

forming the same into a generally rectangular framework.
11. A construction panel as claimed in claim 10 and
including opening means (66) in each of said frame members,
10 in registration with said spacing between a predetermined
pair of said structural members, whereby castable _
construction material may be poured through said epening
means and between said predetermined pair of said
structural members, for forming a building column.
15 12. A construction panel as claimed in claim 11 and
including formwork'attached to said predetermined pair of
~ said structural members.
13. A construction panel as claimed in Claim 9, and
including castable construction material poured between a
20 predetermined pair of said structural members, said
castable material being poured and set cured integrally
with said predetermined pair of said structural members.
14. A method of constructing a building panel and
comprising the steps of; |
25 assembling a plurality of structural members each of
which comprises a sheet metal web (44) defining a generally
linear edge portion (40) along one side and generally zig-
zag edge portion (42) along the other said side, said zig-
zag edge portion defining wider regions and narrower
30 regions, and said web extending in a generally zig zag
_fashion from one said narrower region through said wider
region to the next said narrower region and defining apices
in said wider region, and forming the same into a
reinforcing frame work;
35 pouring a castable construction material in a form to
a predetermined depth; '
placing said reinforcing frame work of structural
members with said apices of said webs extending partially

O



concrete material, such as is known in the prior art.

fur.t her relnforced by a plurality of spaced apart stee

the steel studs 30 will be spaced apart gnzgor exanpl e 24" centres,
al t hough in sone cases 16" centres nmay be rtequired. Nothing turns on the

speci-fic spaci Qo gé Fg&@%ﬁlbtmﬁQQHhﬁlbe suitable for the building

requirenents o under construction. In addItIO to the

vertical studs 30 P9F§h§FéPSesﬁéﬂlEGﬁFéPlﬁoﬁﬁ%ﬁfﬂiitﬁﬂnﬂﬂ ers 32
and 34 are provi deéembelagowada bu&Qﬂﬁh@t @armnffomn rep ifd aﬂmmrwoﬁlnr each

of the panels. The Iat s 3 4 na ri as the

studs 30 thensel ved Q %B"ﬁa&g r{gﬁfg %napes a%@aéec elelon% of

material 5 f reqau.med in C1a1mn 1t4handasacdﬁlﬂi|ngnrl‘é1% steng &f Toatihasakd
apices of said webs with a synthetic plastic material prior

caIIy

aﬁxmhere from1" to 1 1/2" or 2" in thickness, and wl|l event be
much less than the thickness of an equival ent |ayer of 15' mjﬁ ”mlaced

to insertion of same into said castable material.

16. A method of constructing a building panel as
claimed in Claim 14 wherein said structural members are

10 associated together in pérallel spaced apart relation, and
including upper and lower frame members secured to opposite
ends of said structural members, securing same into a
generally rectangular framework, and there being opening
means in said upper and lower frame members in registration

15 with the spacing between at least one predetermined pair of
said structural members.

17. A method of constructing a building panel as
claimed in Claim 16 and further including the step of
pouring a castable construction material through said

20 opening means and into said spacing between said
predetermined pair of said structural members, to form a
support column for a building.

18. A method of constructing a level portion of a
building and comprising the steps of;

25 erecting a plurality of structural members in a
generally transverse horizontal fashion at spaced apart
intervals said structural members each defining a linear
edge and a zig-zag edge defining'wider and narrower web
portions; '

30 placing formwork between said structural members;

supporting said formwork by formwork support means
engaging said structural members and said formwork, while
permitting wider portions of said structural members to
extend upwardly above said formwork at'spaced intervals;

35 pouring a castable construction material on said
formwork, and allowing same to flow around said upwardly
extending wider portiohs of said structural members;

allowing said castable material to cure, and,

O




ilTustrated in the.-formof sinple channel sections havirggsieh gLl izons 32A,
34a and edge wal |l portions 32b, 34b: As will beco he
foll ow ng description, the studs 30, and al so pref erabﬁlﬂﬂﬂ“ﬂﬁn and
34 are all fornmed of sheet netal, being advantageously f r ol

form ng techni ques, which provide for highpyoduction rates and consi stent
quality, in a highly advantageous manner. . Ref erence now may be nade to

Figures 4, 5 and 6 ‘thereafter removing said formwork supports and said
formwork thereby forming an integral cast level portioh,
together with said wider portions embedded therein said
structural members thereby reinforcing and supporting said

5 level portion.

19. A method of constructing a level portion of a
building as claimed in Claim 18, and further including the
steps of erecting a plurality of construction panels, to
form a wall of a building, said construction panels each

10 including an exterior homogenous integral cast panel
portion, and a plurality of reinforcing structural members
having zig-zag web portions partially embedded therein at
spaced intervals, and top and bottom frame portions, and
wherein formwork means is fastened to predetermined pairs

15 of said structural members, and opening means are formed in
said top and bottom frame portions in registration with a
predetermined pair of said structural members, subsequently
erecting said plurality of said structural members in a
generally transverse horizontal fashion, and proceeding as

20 aforesaid, and pouring said castable construction material
to form said level portion of said building and
simultaneously pouring said castable construction material
down through said opening means in said top frame portions
between said predetermined pairs of said structural members

25 whereby to form building columns supporting said building,
contemporaneously with the pouring of a said level portion
thereof.

20. A method of forming a pair of sheet metal
structural members simultaneously from a single elongated

30 strip of sheet metal and'comprising the steps of}

severing said strip sheet metal along a pre-determined
zig-zag separation path, thereby dividing said strip into
two strip portions on opposite sides of said zig zag
separation path, each having generally zig-zag edges said

35 zig-zag edges being in generally inter-fitting relation;

forming edge flange formations along said zig-zag
edges of each of éaid strip portions, and,

forming linear edge formations along edges of said

AN



a second generally zig zag edge 42. Between the edges 40
of .varying wi dth of sheet nmetal extends fromone edge to
general |y zig-zag shape as shown. The 44 near edge of the stud may be
made in a variety of different shapes, to achieve a variety of different

g festllhte swe:)n thf‘»cﬁf ?%f@ﬂ@ﬂréxﬂo*ltéeffbﬁUEESd4z1§f—Bag‘ 6dgebe |inear edge 40
is forng |n ul ar orchRo.fla AN

46, 48 and 50 and a g& 5 ﬂggfﬁﬁnsza%? ?Qn?Ega?gﬁﬁaﬁ b Q%e

meFa.and is sesteps bﬂepunohﬁgganutSQPEabngsneanseatbrOixaﬁpﬂe5t59PSpot

werding, or 9%%9%$§§e?3i% PE§Q 1ohg £ Eraa%t'aukiaﬁaXBypbald zig-zag

i |l ustrated, fod o attac | I's know as
"t oggl e" 5|vetedgg égrm§t5en§Ft§§r8°§mdaFF fpﬁmﬂﬁﬁse§9§t§%ﬁnge§|@rpgnd
punched into tdg;ghggbniRgal . and the sheet nmetal is extruded into an

22. A method as claimed in Claim 21 and including the
steps of bending said linear edges into a generally tubular
formation, and fastening each said outer edge to an

10 intermediate portion of each said stfip portion, whereby to
secure same in a tubular shape.

23. A method as claimed in Claim 21 including the
step of forming further opening means in said wider

wheréin the construction of the stud 30 is illustrated
The stud 30 will be seen to conprise a first generally lﬁlsgp&&ﬁ?@?@ﬁ

portions of said zig-zag edge portions of said strip
15 portions, and bending tongue portions of said strip
portions outwardly from said further opening means.

* C L ] S * ’



oversi zZed di e‘recess, so that a formof "stitching" of the two pieces of
sheet netal takes place (see Fig.7). This is however nerely one of
various conveni ent nmethods of securing the flange to the web. It wll
be observed that in this way a hollow continuous triangular formation is

provi ded having great strength and strua%gégﬁééggidity. Such a form of
structural nenber or stud may have a s | | oad bearing capacity,

and nay be used forA skeeti metad| structural cembederfay aseurerthd bui | di ng

formation of a cast construction panel which member, in
turn, comprises a sheet metal web defining a linear edge

5 along one side, and a zig-zag edge along the other side,
the zig-zag edge defining wider regions, and narrower
regions between the wider regions, and the web extending in
a generally triangular fashion from one narrower region
through a wider region to the next narrower region, edge

10 formations formed around the zig-zag edge portions of the
web and, attachment devices at the apex of each of the
wider portions of the web, which may be secured to a
construction material. Also disclosed is a construction
panel incorporating such structural members, and a method

15 of fabricating such structural members in pairing, and a
method of building construction utilising such structural
members.

This Sﬁeet Has Been
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the web is preferably, although not essentially, pierced or formed with an
op€ni ng 66. Preferably, around the edge of the opening an edge flange 68 is
f or med. In this way each of the webs is forned into a generally
tri-angul ar shape having two, nore or |ess diagonal strut-like formations
joined integrally at their apices. At the sa%e/ta me, the "thermal" bridge
effect of the web is reduced to the extent that netal is r:;J-ib-ﬁh such
openi ngs. Fron1Figures 5, 6 and 8 it/ || be obse pro
api ces of the webs is $ ? ﬁ 3h a struck\out 1LHF'E‘=L
opening 72 forming an @ttathnent nmeans fg !!!’__—,1.t panel

t her et hrough at the apgx. fPrefexab ¥r= 2 | s ) U1 one

si de of the web, opp05|te - Fﬂlu- ge ange\ |64 ext S
fromthe web. In\tf e fl anges 64/jext emdihg on
-opposite sides of the wsp nt 3Jppap Rayi ng

particul ar advantages des
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Wen'incorporated.for the purposes of reinforcing a thin panel of concrete
as 'shown in Figure 5, the apices are -

13 - enbedded into one side of the concrete layer, to a depth sufficient
to.cover the openings 66 forned at the apices of the webs, typically up to
about 3/4", in the case of a 1- 1/2" panel. In this way each apex of
each web is securely enbedded in the material and the material flows around
the 3/8
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at'tathnment nmeans conprising the flange 64 of the web on one side, and
ardéund the tongue 70 struck out -fromthe web oh the other.side, and through
the opening 72 thereby form ng a good secure bond around the apex portion
of .each web. In between the apices however it will be noted that the
studs are free of attachnent to the cast p?gﬁl Cbnsequently,
differences in the rates of expansion and t$action bed-ween 2Re shegg

netal and the cast material will have little if any effqct on thg8secyrity
of the attachnent of the cast material to the studs. i

be appreciated that once fabricated, the pan Na

invention may readily be attached to a buil dign

up of concrete or structural steel colums, f t

such a framework. In addition, such panels

wal | s if desired. Such panel s nmay be ca‘b\wgésiékv ey Nf Sex efiﬁr
finishes-and surface effects and detailings & diin I h i3
wel |l known in the art. .
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It wilt also be appreciated that the studs, being |ocated typically on 24"
cefitres formng part of an integral generally rectangular frame work
(Fig.3) provide an excellent secure nethod of securing the panels in
position on the building, while permtting a mninumof thermal transfer
through fromthe interior to the exterior. At the sane tine, expansion and
contraction of the steel relative to the conc59t panel s due to thernal
forces, has a negligible effect upon the sgsY 'ty of tgpe enbednent of the
apex portions of the webs in tgf panel s. - Typi cal

will be fabricated in a factory,®> anay from t\ae buil di
general ly horizontal form (not showy) L%’,;'m OTT &

, buil ding panel s
g site. Typically a
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-714”-< horizpntal. surface. Concrete or other castable building material is
~podred into the form wth or wi t hout an exterior surface finish having
been first of all applied to the bottomof the form The rectangul ar frane
woek of studs and plates as shown .in Figure 3 will have been assenbl ed
el sewhere in the plant. Typically the network of reinforcing rods 28 may be
sinply tied or fastened to the webs by wire k%es u (Figure 5). . The
assenbly of the stud frame work and rei nf &k g rods is then | owered down
into the form and is allowed ﬁg si nk iﬁ o the concrete to a depth equal to
usual Iy about a 1/2 or sonewhat“l ess t he thickness of the panel being

poured. The material is then al\l oned {o cure after which it is renpoved from
the form
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It"will”of couwse be appreciated that in sone cases it may be desirable to
insul ate and pre-finish the walls in the factory. This can sinply be

achi eved by placing insulation material (not shown) between the studs, and
then by securing interior wall panelling such as dry wall panels p (Fi gure
5) to the linear edges of the webs. I n adds qn where the panels

i ncor porate w ndow openings, the w ndows clgosing in those openings can also
be installed in the factmry pnior to shipnent toMN® building site. 't
wi || be appreciated that—the gverall weight ®f ea papel in accordance

with the invention is sGBsfantially I ess theNoveral NWekght of a typical !
solid precast concrete panel. 'Conggquent | | arger nQWDsy of panelis of
the invention can be shCdped ¢n i vep et of transpd(t\ Typically thifk
will be a flat bed tracPof/trail el he shippi d\ trucking cogt
of the panels will be dubstantially ; M\l On, singe thg
panel weight is nuch | gsg\tha !
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thh_t “of converiidnal solid panels, the footings and specifications of the
building itself may al so be substantially reduced, or the floor | oadings

i ncreased. Conversely, for a given building design, it nay be possible to-
erett several nore stories, using the panels in

- 15 - -accordance wth the invention, since the overall total weight of
the structure will be l.ess than using sol i8d/(§)ncrete. '

153 182 154 164 167 153 164 152 154 153

e ————— — =T

FIG. 12 15/58 C170
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This Sheet Has Been Reﬂ

i




I:n addition, the handling of the panels in accordanq
smuch easier, since the handling equi pment such as cr; [
not be reqU|red to handl e such heavy | oads as in the c
concrete. It will be observed that since the therqal ) s
studs in SHERTMREPALSTRUGRURS i CONSTEY and-%ﬁat Rﬂgﬁ%”dﬁyp%%u -----
wal | i L Ll : 1 A8 SONSITRUGIEMN cdges off t he studs, heat transfer
will be niECHNAEGAL FIELOSting will be substantlal [Ty 6% i i e CE P TWL A AT

-------

the need for S s I I.tional, insulation bei TotThe staa
surfaces at the |nteﬁ§§l¥ﬁntﬂﬁ§ﬁﬁﬁﬁcﬁ91 ghe ﬁgicﬁg— cHural past .

| n accor d@@mbeg e, yre tasc @ elrdqd-d!hmd;ug]elmbéealnr thef cohetiueeddbhon,
thedsPace%ﬂommxﬂjy a2 ol (s ALEEP, | o %aPBiiBbe R¥ral (oigg! f od, be
used for m

ng.vertlc colu of supportin e burlding Structure.
Such col u feReing QEP{P?ﬁatﬁauﬂﬁsalcaﬁH 2. | n order

to form smnmumxcpmmm mﬂasméehéﬁl 8f Builaynge attached to any
adj acent %ﬂsﬂ;ﬂé{ﬂﬁ? 30. .

BACKGROUND ART

Numerous proposals have been made for the fabrication
of precast panels for use in the construction of buildings.
Such precast panels are attractive in that they enable the
walls of a building to be covered in a more économical
manner, and in a shorter .space of time than with
conventional wall coverings such as bricks, stone, and the
like.

' In addition, precast panels enable buildings to be
covered in with a wide variety of different decorative
surfaces and decorative effects moulded into the precast
panels. ' '

In addition, since the precast panels can be pre-
fabricated away from the building site, preferably at, for
example, a factory, factory labour can be used usually at
higher production rates and at lower wage rates than on-
site const;uction labour. 1In addition, a greater accuracy
is possible in the production of such panels, so that the
end result in the finished building is both aesthetically -
Pleasing, and is also efficient and effective.

One of the most popular forms of precast panel is a

s0lid panel of concrete, into which 13 embedded one or more

layers of teinforcing steel mesh. Usually such precast

panels are at least three inches or more in thickness.
Such panels are of extreme weight. In addition, they
have a very low R value. That is to say, the thermal
insulation offered by a precast concrete panel is very
small. Variations in exterior temperature are rapidly
transmitted thtougq to the interior of the building.
Consequently, 4n this form of construction using
precast concrete pahels, the panels are customarily

supported on the building fabtic, which may be eithet :

Thus IS the replacement sheet
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3

Openi ngs 73a and 73b are forned in the upper and | ower plates 32-34
Tespectively in regi-stration with the space between the sel ected pair of
studs 30. Reinforcing steel rods are will be incorporated between the two
studs 30 in a manner well known in the art. . When such a panel is
assenbled in this way and placed in a huijding structure under construction
(Fig.2) the colums may sinply be poured in place by for exanple for use of
a typical cebatgeteP@dluihHUdCisteel coM@iing hean@xthehointeripanwhsliss

erected, sim.lar for rk 73 en 73a-b.wi]l of regi ster
o The cofanBierd PN sHEARLERC IR JS8 P Y be PhetQRiRS [ EH b0
bui | di ng wi kb DeowudﬁlauatahqunanxtoflabﬂéIobimabefW®bh;nathehe sanme time

as the wal | g,3h8iRlAced in position, and at the same tine as the floor 20
is al so bei ng pour

In addition, because of the extreme weight of the
panels, the anchoring system whereby they are anchored to
the building must be very carefully designed to withstand
all possible stresses due to climate, length of time of
use, and also, if erected in earthquake zones, they must be
capable of withstaﬁding a certain degree of seismic shock.

All of these factors are very well known and
understood by construction engineers generally.

Notwithstanding the obvious disadvantages of such
solid precast panels however, they have remained in general
use for very many years, in spite of numerous attempts to
replace them with a more economical alternative.

For example, there is disclosed in U.S. Letters Patent
4,602,467, dated July 19, 1986, inventor H. Schilger, a
form of precast concrete panel, which is reinforced with
simple generally C-shaped channel sections of steel. Edge
portions of the C sections are formed in various different
ways for embedment in the concrete. Using this system, it
is said that a substantial reduction in the thickness of
the concrete is possible. A similar system is illustrated
in Canadian Letters Patent 1,264,957. The steel C sections
are said to add rigidity to the thin shell of concrete
which forms the exterior panel.

Using this type of system, buildings were in fact
constructed, in which the building thermal insulation was
placed between these steel C sections. The interior wall
surface of the building, typically being some form of dry
wall panels, was attached directly to the interior edges of
the steel C sections.

Numerous examples of earlier similar proposals are
illustrated in the art, listed in that U.S. patent.

There are however numerous problems resulting from the
use of this type of proposal. '

In the first place, concrete and steel have

- This is the replacement sheet
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- 16 - As a result the entire building is poured in a series of
‘floors, each floor, and its associated colums, form ng a conti nuous
honbgenous structure throughout each story of the building, fromone fl oor
t hrough the panels in accordance with the invention, to the next wall and

SO on. The formwrk 73 may be rempved after suitable curing tinme has
el apsed. Alternatively, in sone places the formwork may sinply conprise a
portion of anfeaientosl ehted i ot Sdkpaihdie 4 tcdrt Rstiiomn. It is

al so be appé&%@éqﬁgnéfo?ewﬁeﬁ'éﬁ%hééhtéb extremes of heat and cold the

steel will tend to extend or contract along its length, a
distance greater than that of the concrete. Consequently,
over time, there will be a gradual working or movement
between the steel and the concrete, which may loosen the
bond between the steel and the concrete.

An additional problem is the fact that in such earlier
proposals, the edge portion of the steel which was embedded
in the concrete, constituted a "break line" extending,
usually vertically, along the panel at spaced intervals.
Bearing in mind that it was intended with this type of thin
shell panel to reduce the concrete thickness to less than
two iﬁches.and, in some cases, one and a half inches was
mentioned, the existence of such a continuous break line at
regular intervals across the panel constituted possible
fracture lines if the panels were exposed to unusual
shocks. _ _

While these particular disadvantages and hazards might
not arise with any great frequency, a much more serious

| problem was the problem of heat transfer. The sheet metal
reinforcement C section members, being embedded in the
relatively thin exterior concrete panel of the building,
acted as ideal heat transfer bridges transferring heat one -
way or the other depending upon the season, through the
wall. . -

This was particularly noticeable in the colder
seasons. In these seasons, when the ambient air outside
the building is cold, and the interior of the building is
heated, heat is transferred out through the wall, along the
line of each of the C sections. This lost heat creates
cold zones in the interior walls, along the lines of the
channels. These cold zones, in turn, result in lines of N
condensation of moisture, which condenses out of the air
and settles on the walls. The effect is generally known in
the construction industry as "ghosting®” on the walls, and

is regarded as unacceptable under almost all building
codes.
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construction I ndustry that if desired, the colums C could be poured in
‘place in the wall panels 30, while the wall panels 30 were actually being
poured and cured in their horizontal franmework. In other words both the
wal | panels and the colums could be precast in a factory renote fromthe

buil ding site. It is asinple mitief 10 erect the wall panels 22, in
position, and secure the bottom of each of the precast colums to the floor

20, and pouring Akeanessultporhéd wéimg Ehcisyatad jtoiisd gemetralaymwork for

pouring the, ext r.of: j 1. di id |l be
descri bed be%EgggéPg 9% ﬁg%%%r a%% . ?#:%ﬁ u%%ﬁ%%ga véﬁ?%ﬁ%gtg feature of
t he i nventi SRCthengpi @Esseme Pther ﬁm ohthernayhikeeal MaoPWildped in any

sui t abl Ie SYEJiC}’ﬂe':] tﬁepbaﬁéfﬁuﬂﬁaﬁﬁi@f-tfféﬂ{:&ﬁil Ysé lh(tlsawviﬁﬁe Eﬁzﬁrﬂﬁoﬁy based
Coat1 ng | ayBRLYa5F By 1 PppanREl OO dhbe POEPPved ddtls XHARIY Sy er
t hi s poi nt Putt aff gpatact w1th the C sections. However, this greatly

increased the cost of the construction system, and as a

result, tended to discourage builders from using the

system. _

One greatly improved form of construction panel
overcoming a number of these problems is shown in United
States Letters Patent 4,909,007, dated March 1990, inventor
Ernest R. Bodnar. _

In that Patent, there is disdlosed a precast panel,
reinforced with sheet metal stud members. The stud members
are formed with diagonal struts at spaced intervals
defining openings therebetween. In this way, the heat
transfer bridge is reduced, leading to a reduced heat
transfer path, and reducing if not completely eliminating
the ghosting problem.

In the system, it was poésible to attach the interior
dry wall panels directly to the sub-members, thereby
reducing the overall cost of the building system.

An additional advantage of this system was the fact
that the edge portion of the stud which was formed to be
embedded in the concrete was formed either as bent over
tabs or as pierced holes, so that some of the conérete in
the panel could flow through the holes or around the tabs,
thereby reducing the degree of weakening of the stud. In
addition, pfoblems caused by differential rates of
expansion and contraction were also reduced.

However, the stud disclosed in that patent involves
the production of a stud with a relatively high degree of
wastage of steel, caused by the cutting out of portions of
.the sheet metal between the struts. In addition, even
though the embedded edge pdrtion of the stud was formed
with holes, portions of it were still continuous, and
caused, to a minor degree, some of the problems encountered
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In the first place, it provides a further thernmal barrier to the transfer
‘'of heat between the concrete panel itself and the reinforcing studs. In
addi ti on however it provides an additional coating on the studs. Studs for
t he purpose of reinforcing concrete panels of this type are al nost al ways
made of gal vani sed sheet netal, so as tosresist corrosion. However, as is
wel | known such gal vanising is not always a permanent solution to the .
probl em of andrdescenibed above. - 17 -

DISCLOSURE OF INVENTION _

With a view to overcoming the various disadvantages
noted above, the invention comprises a sheet metal
structural member for use in the formation of a cast
construction panel which member, in turn, comprises a sheet
metal web defining a generally linear edge portion along
one side, and a generally zig-zag edge along the other
side, said zig~zag edge portion defining wider regions, and
narrower regions between Said wider regions, and said web
extending in a generally triangular fashion from one said
narrower region through said wider region to the next said
narrower region, edge formations formed around said zig-zag
edge portions of said web and, attachment means at the apex
of each of said wider portions of said web, whereby said
attachment means may be securgd to a construction material.

The invention further comprises such a structural
member, and wherein attachment means are in the form of
embedment formations formed at the apex of each of the
wider portions of the web, and wherein the embedment
formations may be embedded in a cast material for
reinforcement of the same, said cast material being free of
attachment to said web between said embedment formations.

The invention further comprises such a structural
member and wherein a reinforcement tubular portion is
formed along said linear edge portion, said tubular portion
being formed by folding over a portion of said web on
itself to enclose an elongated tubular regular cross
section, and including means joining the free edge of the
said web to an intermediate portion of said web to enclose
said tubular portion.

The invention further comprises such a structural
member wherein opening means. are formed through said web
between said narrower regions, thereby forming said web in
the area of the said wider regions into two generally

diagonal strut portions meeting at said apex of said wider
portions.
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In accordance with the invention, by the coating of the apices of the studs
Wwith the coating | ayer 74, the sheet netal of the studs is substantially
conpletely isolated fromthe concrete, and consequently corrosion due to
noi sture or other chem cal contents in the concrete, or other cast materi al
where other materials are used, will Dbegsubstantially elimnated. It
w Il be apparent fromthe foregoing description that studs, joists and

ot h_ertstr]yctEratnaeme?ﬁtlaayf@&m@gaecémpmc@dwt atviémrddéﬁziauvention in a
vari ety o S or arl speci f call ons an. ur S.es :
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sane as in the case of the, stud However, .the |1 near edge
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fl ange embedded in a cast material, and said cast material may
fiow through said opening means.

The invention further comprises such a structural
member and wherein said web in the région of each said apex
is coated with a synthetic plastic material, thereby
isolating the same from said construction material.

The invention further comprises such a structural
member wherein said linear edge defines a generally right
angular channel section.

The invention further comprises such a structural
member and including a continuous attachment strip secured
to the apex of each of said wider portions of said web, and '
extending generally parallel to but spaced from said linear
edge of said member, and thermal break means interposed
between each said apex and said attachment member.

The invention further comprises a method of
constructing a building panel and comprising the steps of
assembling a plurality of structural members each of which
comprises a sheet metal web defining a genérally linear
édge portion along one side and generally zig-zag edge
portion along the other said side said'zig—zag edge portion
defining wider regions and narrower regions and said web
extending in a generally angular fashion from one said
narrower region through said wider region to the next said
narrower region and defining apexes in said wider region,
into a reinforcing frame work, pouring a castable
construction material in a form to a predetermined depth,
and placing said reinforcing frame work of structural
members with said apices of said webs extending partially
into said castable material, permitting said castable
material to cure, and removing said composite panel from
said form work. - '

The invention further comprises a method of
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portion 90 and the return reinforcing flange 92. Wil e such studs wll
‘not have so great a |load.bearing capacity as the stud illustrated in Figure
5, 'they may be used in nmany cases for exterior wall panelling where the
exterior wall panelling is not required to carry a substantial |loads. In
addition, they may be used for interiqar alls and building partitions.

In Figure 10 a further formof stud is illustrated. In this case, the stud

i |1 ustrat edcgederedt ihdisa 1NGrd1Inportith pF & Guilddng ahda compriggngdge 103

and formed Wth i ngs..104 t herethr h. | d s formed into
a triangul a&%u%ﬁ%%] orerr%?f'tolrf{isa ipnq_%ol%g% sé’flo %ghg%%gﬁg.{g%g}ces 108 are
formed on thembeps accordim@tn the ipwention gmow @eneraditernate formof
attachnment , ¢ fakevd &b WS CZoHEEl  faldhich S Wikitel AarthantRire@3isof the

order to prBURtERS, THER Mok Eeupaar, aai Hhhctunel” BRREER nac er i a1 104

I S provi dedstpporting satdi Hmm wonk the fidmnneirkl Eipport means
engaging said structural members, and said form work, while
permitting portions of said structural members to extend
upwardly above said form work pouring a castable
construction material on said form work, and allowing same
to flow around said upstanding portions of said webs of
said structural members, allowing said castable material to
cure, and thereafter removing said form work supports and
said form work from the floor whereby forming an integral
cast floor slab, together with embedded structural member
supporting the same. '

The invention further comprises a method of forming a
pair of said structural members simultaneously from a
single elongated strip of sheet metal and comprising the
steps of severing said strip sheet metal along a pre-
determined iig-zag separation path, dividing said strip
into two portions of equal area on opposite sides of said
separation path thereby_separating said strip into two
strip portions each having a generally zig-zag edge
formation, said formations being in generally inter-fitting
relation, forming edge formations along said zig-zag edges
of each of said strip portions, and forming linear edge
formations along edges of said strip portions remote from
said zig-zag edge formatioms. _

The invention further comprises such a method of and
including the steps of punching out openings in each of
said strip portions, in wider regions of said web defined
by said zig-zag edges thereof, and forming edge formations
around said opening meéns.

The invention further comprises such a method and
wherein said strip portions define outer edges remote from
said zig-zag edges, and including the steps of bending said
outer edges into a generally tubular formation, and
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Flgure 11 illustrates a still further formof stud
»- 18 - 120. In this case a web 122 has a zig-zag edge 123 and is forned

wi th openings 124 and |inear edge 128, and havi ng api ces 130. The |i near
edge 128 is formed in a generally C section, simlar to that of Figure 9. A
channel 140 is secured to the apices 138 of the webs. A thermal break is
provi ded by neans of a plastic panel 142. The channel 140 is secured to the
api ces of e Weha4P¥nAPRRSeSUEHed6Ff said outer ridges to an
intermediate portion of each said strip portion, whereby to
secure same in its tubular shape.

The invention further comprises such a method and
including the step of forming further opening means in said
wider portions of said zig-zag edges of said strip portion,
and bending tongue portions of said web portions outwardly
from said further opening means.

The various features of novelty which characterize the
invention are pointed out with more particularity in the
claims annexed to and forming a part of this disclosure.

For a better understanding of the invention, its dperating
advantages and specific objects attained by its use,
reference should be had to the accompanying drawings and
descriptive matter in which there are illustrated and
described preferred embodiments of the invention.

- BRIEF_DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic perspective illustration
showing a building in a first stage of construction;

Figure 2 is a schematic illustration of the same
building showing it in a later stage of construction;

Figure 3 is a perspective illustration of a typical
construction panel incorporating the studs of the
invention, partially cut away to reveal its construction;

Figure 4 is a greatly enlarged perspective
illustration of a portion of Figure 3;

Figure 5 is a section along the line 5-5 of the panel
of Figure 4;

Figure 6 is a section along the line 6-6 of Figure 4;
Figure 7 is an enlarged section along the line 7-7 of
- Figure 6;

Figure 8 is an enlarged partially cut away perspectlve
illustration of a portion of the structural member;

Figure 9 is a section corresponding to Figure 6,
illustrating a further embodiment of structural member;

Figure 10 is a section corresponding to Figure 9,
showing its further form of structural member;

Figure 11 is a section corresponding to Figure 9,
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"toggle" stitching 144. It wll be appreciated that with the variety
~of different sections illustrated, it is possible to design and fabricate a
steel stud for constructing |load bearing walls and for constructing |ight
wei ght wall panels, and it is also possible to increase the specifications

of the studs so as to provide | oad beardng J oists and ot her heavy duty
structural steel nenbers for flooring, roofing and the like in all forns of

construct i onghowing Tht's , fdthexx e tiurals imentiar;al nenbers of the
invention, as is shown in, Figure . ”ﬁgg S J OISt S -150 for the
supporting of a f'l'slo%‘%].:eA I%%%issé%ol% é%)grure cﬂidtidg?tg’o%‘éﬁgtgg r%réteri al ,
and for thi sshowiesctherusemblcongretoriorm wagdy md aaforgwarkl known in
the art. In ageentpoecaadides he invention, the joists 150 are fabricated in

However, the speckTFUEE DR T 3 HPRAOER oY The CHEREHRRRE 2oaBeene
di mensi ons ometadt bibaskwi &t dme sskagd|Jurilaisthel, fommady ano ofawe palie of
the structural members of the invention;
Figure 13b is a top plan view corresponding to Figure
13a at a later stage in formation of the same pair of
structural members;

Figure 13c is a schematic section of illustration
partially cut away, showing a still later stage in the
formation of the'pair of structural members of Figures 13a
and 13b. _

Figure 14 is a side elevation of a further alternate
embodiment of the invention, and,

Figure 15 is a perspective illustration showing a
method of attaching two portions of the structural member
to one another.

MODES OF CARRYING OUT THE INVENTION

Referring first of all to Figures 1 and 2, it will be
seen that what is represented there in generally schematic
form is a typical, relatively simple building under the
course of construction. Figure 1 illustrates the first
floor of the building which is illustrated generally as 10,
with exterior walls 12, 14, 16, 18, being completed, and
with a floor 20 having been poured of concrete.

What is illustrated in Figure 2, is a partial stage in
the construction of the second floor of the building of
Figure 1.

As will be apparent from Figure 2, the walls 12, 14,
16, 18 of the building are fabricated of composite precast
panels which are indicated generally as 22-22 and so on.

While the same reference numeral is indicated
generally as representing all such panels, it will be
appreciated that the panels may be of different shapes and
_sizes. Some of the panels may simply define a blank wall
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appropriate | oad bearing capacity for the span of floor being erected.

It will be appreciated fromFigure 12, that the joists 150 in accordance
with the invention having apices 152 nay be enbedded in the floor, which is
poured in place in the building, so as to provide a conpletely seanl ess one
piece integral floor, with its own enbedded- oists supported in a highly
advant ageous and econom cal nmanner. For this purpose, the joists are

supported acsesfatée Othérdsngf atheppamgEls atay chntorsordtypivtialdow bei ng 24"
Fon vor RS STRGAC 07 S bl e Bl o] g DUl 10
incorporate door openings such as 24b.

It will also be appreciated that some of the panels,
for some buildings, may have an exterior finish {not
shown), of any of a variety of materials which may vary
from glass, to marble, to simulated brick facing, metal,
aggregate surfacing, and even synthetic plastic material,
to name only a few of the different surface finishes that
may be applied to such panels.

The details of such surface finishes on such panels
are well known to persons skilled in the art, and
consequently no specific description of such finishes or
how they may be applied is required here.

Referring now to Figure 3, it will be seen that this
represents a typical panel 22. The panel 22 will be seen
to be comprised of a continuous layer 26 of a castable, or
settable material, in this case concrete, being reinforced
by typically a layer of reinforcing mesh 28, such as is
well known in the art. Typically the cast material may be
anywhere from 1" to 1 1/2" or 2" in thickness, and Will'in
any event be much less than thg thickness of an equivalent
layer of plain pre-cast concrete material, such as is known
in the prior art. '

Layer 26 is further reinforced by a plurality of
spaced apart steel studs 30. Typically the steel studs 30
will be spaced apart on for example 24" centres, although
in some cases 16" centres may be reéuired. Nothing turns
on the specific spacing, except that it should be suitable
for the building requirements of the building under
construction. '

In addition to the vertical studs 30, transverse
horizontal top and bottom plate members 32 and 34 are
provided, to provide a complete reinforcing framework for
each of the panels. The plates 32 and 34 may be made of
the same material as the studs 30 themselves or may be made
of different shapes and sections of material if reéuired.

In the case of Figure 3, plates 32 and 34 are
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- 19 - between the joists, spaced sonewhat bel ow the apices 152 of the
joists, and their correspondi ng tongues 154. In order to support the
formwrk at this level, a systemof formwork clanps 160 is provided. The
cl anps 160 consist essentially of a | ower bar nenber 162, and a pair of
upper bar nmenbers 164-164. Links 166 corllect the upper bar nmembers with the
| ower bar nenber. Scissars |inks 166 connect the links 164, with an
operating screWstFatesy inuthesdorpy ofegiPle ShAIRGL WAREF19BD ha¥ing her

sui tabl e fowsli iportiidms SQasw3danahd edget wdllt pertbyné oB2bng34he sci ssors

i nk di LI .Lhe Tinks 166
| nkage outwar ﬁ]sa’&ﬂl‘ip‘ﬂ%%h% ta%@h%eh@ ngmgn‘g?a% f%i‘i‘évﬁ;ﬁ?e | NKS to

sw ng upwardly, er eby nDV|§g upper g bars refative to the
| ower bar. 19SGRiPEAAR, the BEudR0RR pandl slsanrpelerpbbyt te R12¥RS desired
level , |eaviIm af@3Ard @3 ¥oimel bliestebBt metal, being

advantageously formed by cold roll forming techniques,
which provide for high production rates and consistent
quality, in a highly advantageous manner.

Reference now may be made to Figures 4, 5 and 6
wherein the construction of the stud 30 is illustrated in
more detail.

The stud 30 will be seen to comprise a first generally
linear edge 40, and a second generally zig zag edge 42.
Between the edges 40 and 42, a web 46 of varying width of
sheet metal extends from one edge to the other in a
generally zig-zag shape as shown.

The linear edge of the stud may be made in a variety
of different shapes, to achieve a variety of different
results. In the example shown in the Figures 4, .5 and 6,
the linear edge 40 of the web is formed into triangular
tubular reinforcing flange portions 46, 48 and 50 and an
edge flange 52. Edge flange 52 runs parallel to the web,
and is secured thereto by any suitable means, for example,
by spot welding, or any other suitable means. In the
particular example illustrated, the preferred method of
attachment is by what is know as "toggle" rivetting as at
53 (Figs 6 and 7). In this system, a die is punched into
the sheet metal, and the sheet metal is extruded into an
oversized die recess, so that a form of "stitching®” of the
two pieces of sheet metal takes place (see Fig.7).

This is however merely one of various convenient
methods of securing the flange to the web.

It will be observed that in this way a hollow
continuous triangular formation is provided having great
strength and structural rigidity. '

Such a form of structural member or stud may have a
substantial load bearing capacity, and may be used for
exterior walls up to a considerable number of building
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extendi ng upwardly above the level of the formwork panels 153. When
‘the concrete is then poured on the formwork panels, it will flow around
t he apices of the webs, essentially in the sane way as described in
connection with the panels of Figures 3 and 4. The floor is then
allowed to cure, leaving a solid integrap one piece structure. The
formmrk is then sinply renoved by rel easing the screws and renoving the
cl anps and storiessr k from underneath the fl oor. This is in fact what

is illustrated iﬁéprdlﬂégiﬂé gd%i&n@&gq HiGlehsd oRQ ia?ila Qhet he

floor 20 is indicate avi ng “been poure gh portions of -formwork,

with apex ERUIDMRE 1He Fheste BaAL ofd HalAs Eormation sty sRg: di v

tEer ef Lom MBe PEREr :ay jdigtstaca @i?pportirié $1 ddritfg,C @S @1k @pprzeﬁi at ed

that the sc IV, [ ri C Qnents. Ln Fiaure as
been sorremh%g%ﬁ?gréezg c?%irlfrfi ss:%e&c‘fff/apa]l I"Eeéq'??ea’ioi‘?:m O%S)%/’, b% r'rnp y n

the same way.

For a lighter load bearing capacities, and.for
interior-walls, the triangular formation_along the linear
edge of the stud will not always be necessary, as will
become apparent as following description proceeds.

The web 44 defines generally triangular shape having
apices 60 at the widest pbints and throats 62 at the
narrowest points. A continuous edge flange 64 is formed
along the free edge of the web, which zig zags from apex to
throat and back to apex and so on. In the wider
portions of the webs, that is to say more or less in
registration with the apices and between any two throats,
the web is preferably, although not essentially, pierceé or
formed with an opening 66. Preferably, around the edge of
the opening an edge flange 68 is formed.

In this way each of the webs is formed into a
generally triangular shape having two, more or less
diagonal strut-like formations joined integrally at their
apices. At the same time, the "thermal" bridge effect of
the web is reduced to the extent that metal is removed at
such openings. .

From Figures 5, 6 and 8 it will be observed that each
of the apices of the webs is formed with a struck out
tongue 70, leaving an opening 72'forming an attachment
means for the cast panel extending therethrough at the
apex. Preferably each tongue 70 is struck out to one side
of the web, opposite to the side on which the edge flange
64 extends from the web.

In this way, the tongues 70 and flanges 64 extending
on opposite sides of the web, provide for panel attachment
means having particular advantages described below.

When incorporated for the purposes of reinforcing a
thin panel of concrete as shown in Figure 5, the apices are
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for the purposes of explanation of the principle of the invention. |t
‘W ||l be appreciated that in accordance with the invention two such
structural nenbers nmay be associ at ed

20 - together to nake a single conposite structural nenber having.a
greater rigidity and | oad bearing capactty3d -Such a conposite structural
menber is illustrated in Figure 14 by the reference 180.

embedded into one side of the concrete layer, to a depth

sufficient to cover the openings 66 formed at the apices of
the webs, typically up to about 3/4", in the case of a 1-
1/2" panel.

. In this way each apex of each web is securely embedded
in the material and the material flows around the
attachment means comprising the flange 64 of the web on one
side, and around the tongue 70 struck out from the web on
the other side, and through the opening 72 thereby forming
a good secure bond around the'apex portion of each web.

In between the apices however it will be noted that
the studs are free of attachment to the cast panel.

Consequently, differences in the rates of expansion

- and contraction between the sheet metal and the cast
material will have little if any effect on the security of
the attachment of the cast material to the studs.

' It will of course be appreciated that once fabricated,
the panels in accordance with the invention may :eadily be
attached to a building framework which may be made up of
concrete or structural steel columns, to form the exterior
walls on such a framework. 1In addition, such panels may be
used to form interior walls if desired.

Such panels may be cast with a variety of exterior
finishes and surface effects and detailings and mouldings
all such as is well known in the art.

It will also be appreciated that the studs, being
located typically on 24" centres forming part of an
integral generally rectangular frame work (Fig.3) provide
an excellent secure method of securing the panels in
position on the building, while permitting a minimum of
thermal transfer through from the interior to the exterior.
At the same time, expansion and contraction of the steel
relative to the concrete panels due to thermal forces, has
a negligible effect upon the security of the embedment of
the apex portions of the webs in the panels.

Typically, building panels will be fabricated in a
factory, away from the building site. Typically a
generally horizontal form (not shown) is laid on a
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It wll be seen to conprise a first structural nmenber 182 and a second
‘structural nenber 184. Each of the structural nenbers 182 and 184 is of

i dentical construction and is generally simlar to that illustrated for
exanple, in Figure 5. Further, the two structural nmenbers 182 and 184
are placed with the apices 186 of theiwebs in registration with and
actually in contact with one another. The apices are then fastened or
secured tbgeinentah snyfzoet abCenarpeberof ocpthennpastabhle dpoildigiali ng or the

i ke. maEEﬂﬂa%ypoheear ﬂﬁ{:ot enarﬁafﬂe @i RCHE ew§9ﬁ6&t ald achment, the
apices 186 are forned wth flattened regions 188 provide for_a hlgh

degree of SKEEELPFt Funfiace: finish having P%ﬂ%tfbﬁéﬁe?ﬁeﬁ}ﬂt?RP%H&Fsﬁquctura
menbers. the bSttbmcofipbhet Eosml ucTheareotahgulaw Franaweoriigfie properties

i n that tﬁ%ﬁdér sng p 'gé%egsaéhbw Eﬁsfié TEP ?hﬁﬂ%”ﬁ%ﬂé 'pddg yet have high
strength and grea earing capaci a werght of metal in
a given assembled elsewhere 1n the plant. Typically the network of
reinforcing rods 28 may be simply tied or fastened to the
webs by wire ties u (Figure 5).

The assembly of the stud frame work and reinforcing
rods is then lowered down into the form, and is allowed to
sink into the concrete to a depth equal to usualiy about a
1/2 or somewhat less than the thickness of the panel being
‘poured. The material is then allowed to cure after which
it is removed from the form.

It will of course be appreciated that in some cases it
may be desirable to insulate and pre-finish the walls in
the factory. This can simply be achieved by placing
insulation material (not shown) between the studs, and then
by securing interior wall panelling such as dry wall panels
'p (Figure 5) to the linear edges of the webs.

In addition, where the panels incorporate window
openings, the windows closing in those openings can also be
installed in the factory prior to shipment to the building
site.

It will be appreciated that the overall weight of each
panel in accordance with the invention is substantially
less the overall weight of a typical solid precast concrete
panel. Consequently, a larger number of panels of the
invention can be shipped on a given method of transport.
Typically this will be a flat bed tractor/trailer, so that
the shipping and trucking costs of the panels will be
substantially reduced.

In addition, since the panel weight is much less than
that of conventional solid panels, the footings and
specifications of the building itself may also be
substantially reduced, or the floor loadings increased.
Conversely, for a given building design, it may be possible
to erect several more stories, using the panels in
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| ength of structural nenber. In addition, the cost of fabricating such
‘conposite structural nenbers is considerably |ess than the cost of
constructing structural nenbers having an equival ent strength, using

conventi onal techniques. In accordance with a further highly
advant ageous feature of the invention, fde structural nenbers of the
i nvention will preferably be formed by cold rolling and cold form ng

t echni ques,accordanicet wdtthd thendngkehyion, Fsfncesth8apvésdl AntotSr .

Essenti al | N n ' he; pkagti f ' t) kt is

possi bl e t%“?6?%??&2E@%pgﬁgpgkgf%ug?g?apgngﬁggrghgﬁthg¥ﬁg %?EE e continuous
strip of sKHEMCHE®al . This greatly reduces the wastage of sheet metal which

was inherent in epe@aieilonst thet haakdl IAGDOESthuChanel 8 enSaE¥Srddnsée S.

letters Pa%%ﬂﬁ1%ﬂ%9%ﬁ% %tion is much easier, since the handling
equipment such as cranes and the like will not be required'
to handle such heavy loads as in the case of solid precast
concrete. It will be observed that since the thermél
bridge effect of the studs in accordance with the invention
is minimized, and that where dry wall is applied to the
interior or linear edges of the studs, heat transfer will
be minimized, and ghosting will be substantially
eliminated, without the need for special additional
insulation being applied to the stud surfaces at the
interior of the building, as was the case in the past.

In accordance with a particularly édvantageous'feature
of the invention, the spaces between any two vertical studs
in a panel may, if desired, be used for pouring vertical
columns for supporting the building structure. Such
columns are indicated generally as C in Figures 1 and 2.

In order to form such columns C, form&ork panels 73
(Fig. 3) may be attached to any adjacent pair of studs 30.

Openings 73a and 73b are formed in the upper and lower
plates 32-34 respectively in registration with the space
between the selected pair of studs 30. Reinforcing steel
rods are will be incorporated between the two studs 30 in a
manner well known in the art.

When such a panel is assembled in this way and placed
in a building structure under construction (Fig.2) the
columns may simply be poured in place by for example for
use of a typical concrete pouring bucket.

When the next story of panels is erected, similar
formwork 73 and openings 73a-b will of course register with
the columns in the lower panel, so that the columns
supporting the building will be continuously poured, from
floor to floor, at the same time as the walls are placed in

position, and at the same fime as the floor 20 is also
being poured.
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- 21 - referred to above. As shown in Figure 13a, a strip 200 of sheet
‘metal, particularly although not exclusively being gal vani zed steel of a
sui tabl e gauge, is passed along a cold formng |ine, during which passage
the strip 200 is severed along the zig-zag partition Iine 202. Preferably
in order to formwebs w th openings sugly as shown in exanple Figure 5,
openi ngs 204 are forned through the webs during the sanme continuous cold

form ng processas a redhl@ sHEesefiuepé Bualeihg ibBepoaredfrmnangepi@gess as

Shout of | KEEigbtB, HiE’ HEAGR, | RRATLL"S5A0R.GEe| OEITHnG, CRIRALRy T 070

f1 ange for Raconkdnyeushgomogenous structure throughout each story of
the building, from one floor through the panels in
accordance with the invention, to the next wall and so on.

The formwork 73 may be removed after suitable curing
time has elapsed. Alternatively, in some places the _
formwork may simply comprise a portion of an interior wall
finish, and be left in position.

It is also be apparent to those skilled in the
construction indusfry that if desired, the columns C could
be poured in place in the wall panels 30, while the wall
panels 30 were actually being poured and cured in their
horizontal framework. In other words both the wall panels
and the columns could be precast in a factory remote from
the building site.

It is a simple matter to erect the wall panels 22, in
position, and secure the bottom of each of the precast
columns to the floor 20, and pouring the next floor 20
after erection of joists and formwork for pouring the
flooring of the next floor of the building, as will be
described below.

In accordance with a further advantageous feature of
the invention the apices 60 of the webs may be coated with
or dipped in any suitable synthetic plastic material.
Typically this will be an epoxy based material, and the
coating or dipping will be applied as shown by the coating
layer 74 in Figure 8. The effect of applying this coating
layer at this point is fwofold.

In the first place, it provides a further thermal
barrier to the transfer of heat between the concrete panel
itself and the reinforcing studs. In addition however it
provides an additional coating on the studs. Studs for the

'purpose of reinforcing cohcrete panels of this type are
almost always made of galvanised sheet metal, so as to
resist corrosion. Howevef; as is well known such

galvanising is not always a permanent solution to the
problem of corrosion.
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eventual structural nmenbers already described above. It wll be noted

‘that the line of the partition 202 is closer to the edge of the flange 206

at the apex 208 of each web and, is furthest fromthe flange at the throat

210 of each web. In this way the edge flanges 206-206 which are forned
al ong the zig-zag edge of each of the-typ strip portions 200a, 200b varies

froma mnimumw dth at the apex 208 to a maxi numw dth at throat 210. This
provi des val uabl ¥ atttdidarade sditdnghle timvientisin,ubyuthle ceabéngi ofar eas

where it i ' SiJp e ; f gpe round
ope:\i nlgs Izgtfég%d{%ge ferﬁheouétgvl\i/ad%ziI@%£H§%§%¥%%&§§£aétggg in the

oper ati on. Sheet mgakaf Jhaistydsis substantdaldy cRPPARER1IY08 at each of
the webs, angbidwedbt in aihe idondredd, fam@MddiRseRRRIt1§S cdtossorsadet 0 form

e Do 4 (PR o el SUMGI cB,  cRAP BT B
: other cast material where other materials are used, will be
substantially eliminated.

"It will be apparent from the foregoing description
that studs, joists and other structural members, may be
made in accordance with the invention in a variety of
shapes and for a variety of specifications and purposes.

Figure 9 illustrates a lighter duty form of stud
indicated'generally has 80. Such a stud 80 has a linear
edge 82 and a web 84 formed with openings 86 therethrough.

Apices 88 of the stud 80 are provided, substantially
same as in the case of the stud of Figure 5.

However, the linear edge 82 of the stud is provided
with a simple C-section, comprising the facing flange
portion 90 and the return reinforcing flange 92.

While such studs will not have so great a load bearing
capacity as the stud illustrated in Figure 5, they may be
used in many cases for exterior wall panelling where the
exterior wall panelling is not required to carry a
substantial loads. In addition, they may be used for
interior walls and building partitions.

In Figure 10 a further form of stud is illustrated.
In this éase, the stud illustrated generally as 100 has a
web portion 102 with a zig-zag edge 103 and formed with
openings 104 therethrough. A linear edge 106 is formed
into a triangular tubular formation as in the case of
Figure 5. Apices 108 are formed on the web.

However, in order to provide an alternate form of
attachment, a continuous éhannel 110 is secured along the
apices of the web, being fastened thereto for example by
"toggle" fastenings 112. In order to provide a thermal
break, a layver of synthetic plastic material 104 is
provided between the apices, and the channel 110.

Figure 11 illustrates a still further form of stud
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216 are formed, to formfirst edge flange formations. Further edge flange
"bends 218-218 are fornmed spaced fromthe bends 216, and parallel to them
(See Figure 13c). The strip is defined by its two free edges 220-220

In this way a continuous generally C-section |inear edge flange formation

is provided al ong the edges of both stuygs .sinultaneously simlar to the
enbodi nent illustrated - 22 - in Figure

9. The pain20f studghiBusaker aedebr 22| hast sat€g-zag edge 123 and is
formed with openings 124 and linear edge 128, and having
apices 130. The linear edge 128 is formed in a generally C
section, similar to that of Figure 9. A channe1_140 is
secured to the apices 138 of the webs. A thermal break is
provided by means of a plastic panel 142. The channel 140
is secured to the apices of the webs by means such as
"toggle" stitching 144.

It will be éppreciated that with the variety of
different sections illustrated, it is possible to design
and fabricate a steel stud for constructing load bearing
walls and for constructing light weight wall panels, and it
is also possible to increase the specifications of the
studs so as to provide load bearing joists and other heavy
duty structural steel members for flooring, roofing and the
like in all forms of construction.

Thus, for example the structural members of the
invention, as is shown in Figure 12 may be used as joists
150-150 for the supporting of a floor. A floor is to be
poured out of concrete material, and for this purpose
horizontal form work is required, as is well known in the
art. In accordance with the invention, the joists 150 are
fabricated in this particular embodiment in the manner
shown in Figures 5, 6 and 8. Hoﬁever, the specifications
of the gauge of the sheet metal, and the dimensions of the
webs will be suitably adjusted, so as to have the
appropriate load bearing capacity for the span of floor
being erected.

It will be appreciated from Figure 12, that the joists
150 in accordance with thé invention having apices 152 may
be embedded in the floor, which is poured in place in the
building, so as to provide a completely seamless one piece
integral floor, with its own embedded joists supported in a
highly advantageous and economical manner.

For this purpose, the joists are supported across the
building at appropriate centres, typically being 24" -
centres or whatever spacing may be required for that
particular building. Form work panels 153 are then placed

5
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in elevation in Figure 13c. These steps are of -course carried out by
‘continuous roller die stands which are located on the cold formng |line
downstream fromthe severing portions of the |line, so that the severing of
and edge-fornming of the zig-zag edge and openings takes place first, after
whi ch the linear edge flange formationsiare then bent progressively by

|l ongitudinal roll formng in well known manner.’ The conti nuous zi g-zag
severing, abdtpeenhthg Ppbispeni spscedresonmwiset floekd the mpdlveselyp2 of

i1l ustratedgj,g y%i%stégetgﬁasaﬁ@{ﬁnéop%sﬁpg%%q% Mych 22, 1988

| nvent or Ernest nery 1s particularly SU|tabIe for the
cold forming of §He€¥dﬁ§t§‘l’ ?@E@’&Erﬂ?‘hef%’ai‘?@%lﬁoa‘i dhigt rﬁqvl%%ng@ f or mati ons

therein in gysesii BBOBsrmOﬁoﬁkom&m a60Nis provideds diThe clampsh

TheP Oee ReDobohRhEE, EBLERCLELFY oe ShrFSud b SN e i e 11

alternate npggropfsgpgernga:hgembe:gs 164-164. L:Lnks 166 connect the
upper bar members with the lower bar member. Scissors
links 166 connect the links 164, with an operating screw
168 and nut 169. By means of a hand wheel 170, or other
suitable formation, the screw can be rotated, thereby
forcing the scissors linkage outwardly and upwardly. This
in turn will cause the links 166 to swing upwardly, thereby
moving the upper clamping bars relative to the lower bar.
In this way, the formwork panels can be supported at the
desired level, leaving apex portions 152 of the webs
extending upwardly above the level of the form work panels
153.
' When the concrete is then poured on the form work
panels, it will flow around the apices of the webs,
essentially in the same way as described in ‘connection
with the panels of Figures'3 and 4.

The floor is then allowed to cure, leaving a solid
integral one piece structure.

The formwork is then simply removed by releasing the
screws and removing the clamps and form work from
underneath the floor.

This is in fact what is illustrated in schematic form
in Figure 2, wherein a portion of the floor 20 is indicated
as having been poured and, portions of form work, with apex
portions 152 of the webs of the joists 150 extending
upwardly therefrom are generally illustrated.

It will of course be appreciated that the scale and
relative sizes of various components in Figure 2 has been
somewhat altered for the sake of illustration only, simply
for the purposes of explanation of the principle of the
invention.

It will be appreciated that in accordance with the
invention two such structural members may be associéted
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edge of the linear flanges, to the intermediate portion of the web. In this
‘case, tongues 230, 232 are punched out of both the free edge of the web,
and of the internediate portion respectively. The tongues are bent over as
shown to secure the two web portions together.. The foregoing is a
description of a preferred enbodinenjgof the invention which is given here
by way of exanple only. The invention is not to be taken as limted to

any of thedgdiadd ito frmteurae%ﬁm@e%mﬂ&q,teb@tm&ma@hﬁeﬁse%lI such
variationg, there"fgraesat%%”%ﬂ&fa*}'{} LS 12E P BeUrshile 2BRRIESY chalh®
a composite structural member is illustrated in Flgure 14
by the rgference 180.

It will be seen to comprise a first structural member
182 and a second structural member 184. Each of the
structural members 182 and 184 is of identical construction
and is generally similar to that illustrated for example,
in Figure 5.

Further, the two structural members 182 and 184 are
placed with the apices 186 of the webs in registration with
and actually in contact with one another. The apices are
then fastened or securéd together in any suitable manner
for example, by spot welding or the like.

_ Preferably, in order to provide a secure solid
attachment, the apices 186 are formed with flattened
regions 188, to provide for a high degree of integrity and
strength at the junction between the two structural
members.

Such composite structural members will have unique
properties in that they are fabricated at low cost from
sheet metal, and yet have high étrength and great load
bearing capacity relative to the weight of metal in a given
length of structural member. In addition, the cost of
fabricating such composite structural members is
considerably less than the cost of constructing structural
members having an equivalent strength, using conventional
techniques.

In accordance with a further highly advantageous
feature of the invention, the structural members of the
invention will preferably be formed by cold rolling and
cold forming techniques, as illustrated generally in
Figures 13a, 13b and 13c. Essentially, in accordance with
the practice of the invention it is possible to form two
separate structural members out of a single continuous
strip of sheet metal. This greatly reduces the wastage of
sheet metal which was inherent in open work structural
members such as are shown in U.S. letters Patent 4,909,007
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- 23 - CLAIM 1. A sheet netal structural nenber for use in the
formation of a construction panel (22) fornmed of cast material which
menber, in turn, conprises; a sheet netal web (44) lying in a
predeterm ned plane and defining a generally |linear edge portion (40) al ong
one side, and a generally zig-zag edge pertion (42) along the other side,
sai d zi g-zag edge portion defining w der. regions, and narrower regions (62)
bet ween saixefexied riayiabrsve 60)As ahbveniich ilgume diddi,ng istrdpg@0or alfl y

Fhe next oaraet BEMRLN et blly e AR iy ??%ﬁ%%k%l&%%ﬁf* fred
around sai &%4@&%@%@‘@%0@# chSwtable datgemd s Rassedh@1leR% A angle to
sai d predet€&sid nEsrmimgel i d, during cdsich Pusajd atleeiripe209 (80) at the
apex of eaCQevered along the zig~zag partition iine 202. Preferably

in order to form webs with openings such as shown in

example Figure 5, openings 204 are formed through the webs

during the same continuous cold forming process.

At a subsequent stage in the cold forming process as
shown in Figure 13b edge flange formations 206 are formed
along'the zig-zag edges of the two striﬁ portions 200a and
200b. These will form the edge flange formations on the
eventual structural members already described above.

It will be noted that the line of the partition 202 is
closer to the edge of the flange 206 at the apex 208 of
each web and, is furthest from the flange at the throat 210
of each web. _

In this way the edge flanges 206;206 which are formed
along the zig-zag edge of each of the two strip portions
200a, 200b varies from a minimum width at the apex 208 to a
maximum width at throat 210. This provides valuable
additional strength to the structural member in areas where
it is required.

Similar edge flanges 212 are formed around openings
204, and are bent outwardly therefrom at the same stage in
the operation. '

Furthers openings 214 are formed at the apex 208 at
each of the webs, and the material struck out .from the
openings 214 is used to form the tongues illustrated in the
structural member for example in Figure 5.

Along both sides of the strip 200, edge flangé behds
216 are formed, to form first edge flange formations.
Further edge flange bends 218-218 are formed spaced from
the bends 216, and parallel to them (See Figure 13c). The
strip is defined by its two free edges 220-220

In this way a continuous generally C-section linear
edge flange formation is provided along the edges of both
studs simultaneously similar to the embodiment illustrated .
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of said wi der portions of said web (44), whereby said apex of each said web
- (44) may be secured to said cast construction panel (22) with said
structural member being free of attachnent to said cast panel (22), between
sai d apices of said web. - 2. A sheet nmetal structural nenber, as
claimed in claim1 wherein said attaghnent neans (70) are in the form of
enbednment formations formed at the apex of each of said w der portions of

sai d weby naﬁfg rei n el harbesientudremid ofsrmgy 1 anheddeatea said
cast materia 2) for reinforcement of the same, said cast material being
“free of HRteteYekionr iR F XS ki%ral nember between sai d embedment

formati ons. Thesd.stépshest oftedusie wAxried by mondiguesd in Caim 1
and_uher by 8 18101 SEESIEni ARUAL POEALER. 86 S oSl fodtpd al ong sal d

| i near edge” por ul ar portion, bei ng_faorned foldln over
a portiohine dawnstceamniremcthe (SLYREIRG PARE %P%ﬁdgfeEP?tﬁi? gulgr

Cross seghh@nNthanNdevaésingi 68 aBdnedgé2forming noft t tice fzbp-zag edge
" and openings takes place first, after which the linear edge
flange formations are then bent progressively by
longitudinal roll formihg in well known manner.

The continuous zig-zag severing, and punching of
openings, may be performed by machinery illustrated in U.S.
Letters Patent No.4,732,028 dated March 22, 1988 Inventor
Ernest R. Bodnar, which machinery is particularly suitable
for the cold forming of sheet metal to sever the same and
to form flange formations therein in a continuous non-stop
operation.

Accordingly, such machinery is not illustrated herein,
since it is already illustrated in sufficient detail in the
aforesaid patent.

Figure 15 shows an alternate mode of securing the free
edge of the linear flanges, to the intermediate portion of
the web. In this case, tongues 230, 232 are punched out of
both the free edge of the web, and of the intermediate
portion respectively. The tongues are bent over as shown
to secure the two web portions together. '

The foregoing is a description of a preferred
embodiment of the invention which is given here by way of
example only. The invention is not to be taken as limited
to any of the specific features as described, but
comprehends all such variations thereof as come within the
scope of the appended claims.
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edge of said web to an internediate portion of said web to encl ose said
*tubul ar portion. 4. A sheet netal structural nenber as clained in
- 24 - Cdaim1l wherein opening neans (66) are fornmed through said web
bet ween said narrower regions (62), thereby formng said web (44) in the
area of the said wider regions (60) intg two generally diagonal strut
portions neeting at said apex of said w der portions.

CLAIMS

1. A sheet metal structural member for use in the_
formation of a construction panel (22) formed of cast
material which member, in turn, comprises;

a sheet metal wedb (44) lying in a predetermined plane
and defining a generally linear edge portion (40) along
one side, and a generally zig-zag edge portion (42) along
the other side, said zig~-zag edge portion defining wider
regionsﬁoand narrower regions (62) between said wider
regions (60), and said web extending in a generally zig-zag
fashion from one said narrower fegion through said wider
region to the next said narrower region; .

edge flange formations (64) formed around said zig-zag
edge portions of said web and extending at an angle to said
predetermined plane, and, _

cast panel attachment means (70) at the apex of each
of said wider portions of said web (44), whereby said apex
of each said web (44) may be secured to said cast
construction panel (22) with said structural member being
free of attachment to said cast panel (22), between said
apices of said web. '

2. A sheet metél structural member, as claimed in
claim 1 wherein said attachment means (70) are in the form
of embedment formations formed at the apex of each of said
wider portions of said web, and wherein said embedment
formations may be embedded in éaid cast material (22) for
reinforcement of the same, said cast material being free of
attachment to said structural member between said embedment
formations.

3. A sheet metal structural member as claimed in
Claim 1 and wherein a reinforcement tubular portion 46, 48,
50 is formed along said linear edge portion (40), said
tubular portion being formed by folding over a portion of
said web on itself to enclose an elongated tube of regular
cross section, and including means (52) joining the free
'edge of said web to an intermediate portioh of said web to
enclose said tubular portion. '

4, A sheet metal structural member as claimed in

_—
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5. A sheet netal structural nmenber as clained in aim1l wherein said
*enbednent formations conprise opening neans (72) formthrough said web in
the region of said apex, and tongue nmeans (70) bent outwardly from said web
adj acent sai d openi ng neans, whereby said tongue neans nmay becone enbedded
in a cast material, and said cast mategjal may flow through said opening
nmeans. 6. A sheet netal structural nenber as claim 1l wherein said web

(4:1) l nI t Iﬁﬁar:&g'lo m;rféfrlea?c Bp‘ét%'ﬁﬁ‘xgaﬂ@én}ss (€83t 3 eWrokmads mtrbat_;htc salialst ic

mat eri a er | SOl at.I.n e Sahe roms ru nmaerla

e e atet R saud Bartonaa tog ohs hoe o thexBhy, Thriieen ol d

| i near edgaid®ekddf44)ed na thenarsia yofr ithiet saiglwdidech snegdlonse € 600N. 8.
A sheet giflo Shid Jdiletla1TH agh gclt UYTRA g iUn® he@r&qnltgngltuga% a

cont i nuous attachnent strip secdre 0 sal d apex of each of said w der
portions &Pexiaf faid Meé'xtpé’lﬁiﬁj’spar allel to but spaced fromsaid |inear
edge of said mSwer A ankdthaetll FiaalctmAlS nedbeipascdladimsdein

Claim 1 wherein said embedment formations comprise opening
means (72) form through said web in the region of said

' apex, and tongue means (70) bent outwardly from said web
adjacent said opening means, whereby said tongue means may
become'embedded in a cast material, and said cast material
may flow through said opening means.

6. A sheet metal structural member as claim 1
wherein said web (44) in the region of each said apex is
coated with a synthetic plastic material, thereby isolating
the same from said construction material.

7. A sheet metal structural member as claimed in
Claim 1 wherein said linear edge (40) defines a generally
right angular channel section.

8. A sheet metal structural member as claimed in
Claim 1 and including a continuous attachment strip secured
to said apex of each of said wider portions of said web,
and extending parallel to but spaced from said linear edge
of said member, and thermal break means interposed between
each said apex and said attachment member. '

9. A construction panel'for use in the erection of
buildings, and comprising;

a panel (22) of castable construction material of
predetermined thickness, and having first and second sides;

a plurality of structural members, reinforcing said
panel on one said side, at least some of said structural
members comprising a generally linear edge (40), and a
generally zig-zag edge (42), and a web (40) extending
between said linear edge and said zig-zag edge, said zig-
zag edge defining apices (60), and throat portions (62),
and, '

embedment formations (70) formed at said apices, and
embedded in said one side of said panel thereby securing

-
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each said apex and said attachnent menber . 9. A construction panel

-for use in the erection of buildings, and conpri sing; a panel (22) of
castabl e construction material of predeterm ned thickness, and having first
and second si des; a plurality of structural nenbers, reinforcing said

panel on one said side, at |east sonme-ofssaid structural nmenbers conprising
a generally linear edge (40), and a generally zig-zag edge (42), and a web
(40) extendiaigl l=dt leasts@ahe iofesaiddgeractugsald memperagtedgajidsai d zi g-
zag edge d?édglng api ces (60), and throat portions (62), and,

enbednent fornations (70) formed at said apices, and enbedded I n sald one
side of said paﬂéq rqgaﬁqﬁgghipﬁgpanel as claimed in claim 9 and

wherein said structural members are arranged in side by
side parallel spaced apart relation, and including top and
bottom frame members (32, 34) secured thereto, thereby
forming the same into a generally rectangular framework.

_ 11. A construction panel as claimed in claim 10 and
including opening means (66) in each of said frame members,
in registration with said spacing between a predetermined
pair of said structural members, whereby castable
construction material may be poured through said opening
means and between said predetermined pair of said
structural members, for forming a building column.

12. A construction panel as claimed in claim 11 and
including formwork attached to said predetermined pair of
said structural members.

13. A construction panel as claimed in Claim 9, and
including castable construction material poured between a
predetermined pair of said structural members, said
castable material being poured and set cured integrally
with said predeterﬁined pair of said structural members.

14. A method of constructing a building panel and
comprising the steps of:; .

assembling a élurality of structural members each of
which comprises a sheet metal web (44) defining a'generally
linear edge portion (40) along one side and generally zig-
zag edge portion (42) along the other said side, said zig-
zag edge portion defining wider regions and narrower
regions, and said web extending in a generally zig zag
fashion from one said narrower region through said wider
region to the next said narrower region and defining apices
in said wider region, and forming the same into a
reinforcing frame work:;

. pouring a castable construction mater1a1 in a form to
a predetermined depth;

placing said reinforcing frame work of structural
members with said apices of said webs extending partially

-
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- 25 - said at least sone of said structural nenbers to said panel

»10. A construction panel as clained in claim9 and wherein said structural
menbers are arranged in side by side parallel spaced apart relation, and

i ncluding top and bottom frame nenbers (32, 34) secured thereto, thereby
formng the same into a general ly rectangul ar frameworKk. 11. A
construction panel as clained in claim10 and i ncl udi ng openi ng neans (66)
in each ofntai saidaceshenbersateniakpi stration with said spacing between a

predet er m ned Béh'iu?fslﬁ&' Q%ﬁlr&!&ls’c'éﬁie RAPEE $al m@gr&p,yecaé,;@bl e

construction naterial na oure rough sal d opening neans and between
sald predeternFﬁ@ﬁVbﬁgr %}dsgpaldlng panel from sa1d form work.

15. A method of constructing a building panel as
claimed in Claim 14 and including the steps of coating said
apices of said webs with a synthetic plastic material prior
to insertion of same into said castable material.

16. A method of constructing a building panel as
claimed in Claim 14 wherein said structural members are
associated together in parallel spaced apart relation, and
including upper and lower frame members secured to opbosite
ends of said structural members, securing same into a
generally rectangular framework, and there being opening
means in said upper and lower frame members in registration
with the spacing between at least one predetermined pair of
said structural members.

17. A method of constructing a building panel as
claimed in Claim 16 and further including the step of
pouring a castable construction material through said
opening means and into said spacing between said
predetermined pair of said structural members, to form a
support column for a building.

18. . A method of constructing a level portion of a
building and comprising the steps of;

erecting a plurality of structural members in a
generally transverse horizontal fashion at spaced apart
intervals said structural members each defining a linear
edge and a zig-zag edge defining wider and narrower web
portions;

placing formwork between said structural members;

supporting said formwork by formwork support means
engaging said structural members and said formwork, while
permitting wider portions of said structural members to
extend upwardly above said formwork at spaced intervals;

pouring a castable construction material on said
formwork, and allowing same to flow around said upwardly
extending wider portions of said structural members:;

allowing said castable material to cure, and,
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structural nenbers, for form ng a building col um. 12. A construction
‘panel as clained in claim 1l and including formwrk attached to said
predeterm ned pair of said structural nenbers. 13. A construction
panel as claimed in Caim9, and including castable construction materi al
poured between a predeterm ned pair of gyai-d structural nenbers, said
castable material being poured and set cured integrally with said
predet er mi ned patheoéafted s¢moeingasai@nbermwork sugports retdczhict

const ruct | g pubukl ¢hageRENEbrAlMy SPIAPLALR] NEast Sve! iportiaisseml ing

a pIuraIit¥ structural™r ers each o ch conprises a sheet’ netal web.
(44) def i ntRgeshgenwith| §aidnuidesBerbbers opmpedded ) tharein s34k and
general |y sitguctagatdgempersi thetdBy péDnfotbtngtdd sawpboriling SHid i -
zag edge PRl Eqn g;@kpbng w der regions and narrower regions, and said web
extending in a BRéra y zig zag fashion fromone said narrower region

t hrough said w a8r régméﬁth oficcanstruatingadr bekel reeFoiommE defi ni ng

api ces building as claimed in Claim 18, and further including the
steps of erecting a plurality of construction panels, to
form a wall of a building, said construction panels each
including an exterior homogenous integral cast panel
portion, and a plurality of reinforcing structural members
having zig-zag web portions partially embedded therein at
spaced intervals, and top and bottom frame portions, and
wherein formwork means is fastened to predetermined pairs
of said structural members, and opening means are formed in
said top and bottom frame portions in registration with a
predetermined pair of said structural members, subsequently
erecting said plurality of said structural members in a
generally transverse horizontal fashion, and proceéding as
aforesaid, and pouring said castable construction material
to form said level portion of said@ building and
simultaneously pouring said castable construction material
down through said opening means in said top frame portions
between said predetermined pairs of said.structural members
whereby to form building columns supporting said building,
contemporaneously with the pouring of a said level portion‘
thereof.

20. A method of forming a pair of sheet metal
structural members simultaneously from a single elongated
strip of sheet metal and comprising the steps of:

severing said strip sheet metal along a pre-determined
zig-zag separation path, thereby dividing said strip into
two strip portions on opposite sides of said zig zag
separation path, each having generally zig—-zag edges said
zig-zag edges being in generally inter-fitting relation;

forming edge flange.formations along said zig-zag
edges of each of said strip portions, and, _ _

forming iinear edge formations along edges of said
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in said wider region, and formng the sane into a reinforcing frame work;

*pouring a castable construction material in a formto a predeterm ned

dept h; placing said reinforcing frame work of structural menbers with
sai d api ces of said webs extending partially
- 26 - into said castable material;_ og permtting said castable nmateri al

to cure, and,
strip portions remote from said zig-zag edges.

21. A method as claimed in Claim 20 and including the

steps of punching out openings in each of said strip

" portions, in wider regions thereof, defined by said zig-zag
edge formations thereof, and forming edge flanges around-
said openings. :

22. A method as claimed in Claim 21 and including the
steps of bending said linear edges into a generally tubular
formation, and fastening each said outer edge to an
intermediate portion of each said strip portion, whereby to
secure same in a tubular shape.

23. A method as claimed in Claim 21 including the
step of forming further opening means in said wider
portions of said zig-zag edge portions of said strip
portions, and bending tongue portions of said strip
portions outwardly from said further opening means.
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renoving said building panel fromsaid formwork. 15. A met hod of
. constructing a building panel as clainmed in Caim1l4 and including the
steps of coating said apices of said webs with a synthetic plastic nateri al
prior to insertion of same into said castable material. 16. A net hod
of constructing a building panel as clainmed in Claim 14 wherein said
structural nenbers are associated together in parallel spaced apart
rel ation, and including upper and | ower frame nenbers secured to opposite
ends of said structural nenbers, securing sane into a generally rectangul ar
framewor k, and there being opening neans in said upper- and | ower frane
menbers in registration with the spacing between at | east one predeterm ned
pair of said structural nmenbers. 17. A method of constructing a
bui | di ng panel as clainmed in Caim l@aggeRfewt her i ncluding the step of
pouring a castable construction material through said opening neans and
I nto said spaci ng between said predeterm ned pair of said structura
menbers, to forma

SHEET METAL STRUCTURAL MEMBER, CONSTRUCTION PANEL

AND METHOD OF CONSTRUCTION

A sheet metal structural member for use in the
formation of a cast construction panel which member, in
turn, comprises a sheet metal web defining a linear edge
along one side, aﬁd a zig-zag edge along the other side,
the zig-zag edge defining wider regions, and mnarrower
regions between the wider régions, and the web extending-
in a generally triangular fashion from one narrower region
through a wider region to the ngxt narrower region, edge
formations formed around the zig-zag edge portions of the
web and, attachment devices at the apex of each of the
wider poftions of the web, which may be secured to a
construcﬁion material. Also disclosed is a construction
panel incorporating such structural members, and a method
of fabricating such structural members in pairing, and a
method of building construction utilising such structural

members.

FIG.3
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support colum.for a building. 18. A method of constructing a |evel
‘portion of a building and conprising the steps of; erecting a
plurality of structural nenbers in a generally transyverse horizonta
fashion at spaced apart intervals said structural nenbers each defining a
| i near edge and a zi g-zag edge defining wi der and narrower web portions;
pl aci ng formwrk between said structural qgers; supporting said
formwrk by formmork support nea iﬂg aid structural nenbers and
said formmrk, while permtti i ﬁ%?r%eng\of sai d struct pgalnenbers
to extend upwardly above sad for rk at spaced~tptervals; [
castabl e construction eri aid fgrmwrk, ahe ]
ons of s

around sai d upwar dl y-€xt endi
all owi ng said caﬁzéﬁzé mat er j al

o
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- thereafter renoving said formmrk supports and said formwrk thereby
formng an integral cast |evel portion, together with said w der portions
enbedded therein said structural menbers thereby reinforcing and supporting -
said | evel portion. 19. A nmethod of constructing a |evel portion of a
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bui-l ding as clained in daim18, and further including the steps of
~erecting a plurality of construction panels, to forma wall of a building,

sai d construction panels each including an exterior honbgenous integral
cast panel portion, and a plurality of reinforcing structural nenbers
havi ng zi g-zag web portions partially enbedded therein at spaced intervals,
and top and bottom frame portions, and wherein formwrk neans is fastened
to predeterm ned pairs of said structural @?ers, and openi ng neans are
formed in said top and bottom frane portiggg n registration with a
predeterm ned pair of said stryu ¥

. {ly erecting said
plurality of said structural ber g fggsverse hori zont al
fashi on, and proceedi ng as_af of'g 11l C abl e
construction material to f i / °d| burt@i ng and
si mul t aneously pouring said capt shkal down t hrough
sai d opening neans in said toplf Xaj d predeterm ned
p&rsofs&dstumuﬂalnmmej i:gcdumw
supporting said building, & \
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cont enpor aneously with the pouring of a said |evel portion thereof.

- 20. A nmethod of formng a pair of sheet netal structural nmenbers

simul taneously froma single elongated strip of sheet netal and conpri sing
the steps of; severing said strip sheet netal along a pre-determ ned
zi g-zag separation path, thereby dividi ngéqig strip into two,strip
portions on opposite sides of said zig zag Separation §ath, e§Ch havidhg
general ly zig-zag edges said zi g-zag edges being in ge erallyéia er-f/itting
rel ation; form ng edge flange formations_al ong saifd zi gf zag 4
each of said strip portions, and, f or m)xg i edos T

edges of said
N

44

—

| O
~

52
- 83
|~
50 ' 46

FIG. 7

This is the replacement sheet

Date: 2 5 FEB 1967



- 28 - strip portions renote fromsaid zig-zag edges. 21. A nmethod as

.claimed in Caim20 and including the steps of punching out openings in
each of said strip portions, in wider regions thereof, defined by said

zi g-zag edge formations thereof, and form ng edge flanges around said

openi ngs. 22. A method as clained in Caim21l and including the steps

of bending said |inear edges into a general@%/Eybular formation, and

fasteni ng each said outer edge to an int%bne | ate poppi on of each said

strip portion, whereby to secyye sane in & tubul ar shape. 23. A net hod

as clainmed in Caim21 includihg Qf form g further opening neans
In said wider portions of said zid ) 2EH8\P Kons of said strip

— 84
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po?tlons and bendi ng tongue portlons of said strip portions outwardly from
. said further opening neans.
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