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Filler Type Compressive Modulus of Density (p Bonding between 
- Strength (fe MPa) , Elasticity (E. MPa) kg/m) the filler and the 

, steel 

Lightweight concrete 1 SS Foam 1 9 62 Yes 
Mediurn weight Concrete 15 9,630 1500 
Normal weight concrete 30 25,084 2,400   
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PANELS 

0001. The present invention relates to composite building 
elements, composite panels or unitised panels, methods for 
forming Such composite and/or unitised elements or panels, 
elements or panels so made, uses of Such composite and/or 
unitised elements or panels and related methodologies 
including methods of construction, componentry of such ele 
ments of panels, and the like. 
0002 Alternative construction techniques are always 
being sought to best take advantage of characteristics of avail 
able materials or materials being developed, as well as com 
binations of materials. 
0003. An interest to the construction industry is the pro 
vision of factory made components for making composite 
building elements or panels and elements or panels that are 
factory made in whole or in part. 
0004 Prior art building elements tend to have shortcom 
ings and disadvantages eg, in height, in length, in thickness of 
facing plates, etc as well as in make up, performance, manu 
facturing complexity, cost etc. 
0005. NZ patent specification 282881 (British Steel plc) 
discloses double skin composite panels are known. These 
comprise two steel facing plates positioned one on either side 
of a layer of concrete and connected thereto by transverse 
cross members which extend generally normally to and are 
attached at their ends to both facing plates. 
0006 That specification in addition states that hitherto, 
Such double skin composite panels have been produced in 
situ. They state that the panels usually require relatively thick 
facing plates, internal ties and facing plate stiffness. They 
mention also that there is a requirement for external Support 
and/or internal stiffeners to the facing plates during pouring 
of concrete to avoid structural distortion caused by the high 
hydrostatic pressures produced during pouring. They state if 
has usually been found necessary to limit the height from 
which or the rate at which concrete is poured to reduce such 
pressures. 
0007 New Zealand patent specification 282881 itself is 
directed to double skin composite panels intended to be fac 
tory produced and delivered to site as integral structures. 
Nevertheless facing plates are secured together by transverse 
connecting members. 
0008 We see an advantage in avoidance of such ties con 
necting from each side eg, no metal conductive pathway from 
one side to the other. 
0009 We also see a prospect for metal clad lightweight 
concrete panel systems that are load bearing that do not have 
the cladding faces tied directly to each other and/or have an 
improved ability to anchor fixings. 
0010 We envisage such panels as being useful as at least 
walls, floors and ceilings. The present invention envisages the 
provision of a lined panel which includes as part of its com 
posite structure an outer metal (preferably steel) part and a set 
settable material part bound in Some way to the metal part. 
The set settable material is preferably a filler that is a pour 
able, pumpable, flowable material which has the ability to 
convert or set to a stiff mass in a controlled manner. When 
“set the core filler or settable material provides support to the 
steel elements to resist compressive loads. 
0.011 Such settable materials can be cementitious in their 
nature and can include Such aggregate and/or other materials 
as might be appropriate to render the overall panel construc 
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tion more weight for almost the same, the same or improved 
load bearing purposes than hitherto has been the case with 
conventional construction panels. 
0012. By way of example, but in no way limiting of the 
invention hereafter described, a preferred settable material is 
a cementitious material preferably including light weight 
aggregate materials. In other forms however a foam plastics 
or other set settable material may be utilised in total, or in part, 
as the settable material hereinafter described. 
0013 The material may include foamed inorganic and/or 
organic polymers or foamed inorganic and/or organic poly 
mers in combination with cementitious setting materials. 
0014. The invention also envisages composite building 
elements where sheet metal is partly or wholly embedded in 
a set material. 
0015. It is an object of the present invention to provide 
components, methods and panels that are able to be factory 
manufactured, preferably to Some modular requirement, and 
to be used as a load bearing panel when installed in a con 
structional sense. 
0016. It is preferred that the panels are lined on at least one 
side or on both. Irrespective of whether or not the lining is the 
same or different on each side, preferably at least one side is 
of a metal (preferably steel). Preferably there is provision for 
fixing from at least one or that side's lining into the set 
material of the composite or unitised panel. 
0017. It is a further or alternative object of the present 
invention to provide a composite and/or unitised panel lined 
on both sides with a metal (whether the same or different) yet 
containing therein a set settable material embedding part of 
the lining of one side (preferably each side) without providing 
any substantial or direct metal to metal link from one side to 
the other thereby to reduce thermal and/or acoustic conduc 
tivity from one side to the other. 
0018. It is a further or alternative object of the present 
invention to provide a composite and/or unitised panel having 
metal liners on each side, or on at least one side, yet providing 
with a plurality of fitted together pressed or long run formed, 
sheet metal sections at least one panel liner or facing and 
providing one or more Zones where several thicknesses of 
metal, some embedded within the panel, are available for 
securement of fittings to the panel. 
0019. It is a further or alternative object of the present 
invention to provide a method or methods of manufacture of 
a composite and/or unitised panel comprising or including 
0020 at least one exterior liner, whether fabricated or non 
fabricated and whether profiled or non-profiled in whole or in 
part, of sheet metal defining or having been provided with 
inwardly extending embeddable forms, and 
0021 a matrix of a set settable material (i) moulded to the 
sheet metal and/or any interposed material(s) and (ii) embed 
ding and retaining at least the distal regions of each said 
inwardly extendable form, 
0022 wherein, otherwise than from being matrix embed 
ded and retained, the inwardly extending embeddable forms 
do not tie directly or indirectly to any exterior sheet beyond 
said matrix except preferably at the sides of the panel and do 
not tie directly or indirectly to that surface of the matrix 
opposite that moulded to the sheet metal and/or any inter 
posed material(s). 
0023. It is a further or alternative object of the present 
invention to provide panels made by Such a method. 
0024. It is a further or alternative object of the present 
invention to provide uses and/or assemblies of Such panels. 
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0025. It is a further or alternative object to provide metal 
dad panels with a core of set settable material(s) as if metal 
sandwiched where there is no, or no substantial, through 
panel metal to metal contact and/or where embedded and 
retained projections of each preferably fabricated metal liner 
interpose and/or are behind those of the other preferably 
fabricated metal liner. 
0026. In an aspect the invention is a composite panel hav 
ing first and second sides as its faces and being a panel of at 
least one seeable material and having, partially and/or Sub 
stantially wholly embedded in said settable materials) 
complementary arrays of sheet metal forms; 
0027 wherein one array extends from beyond one side, 
extends from one side, or extends from adjacent or nearer one 
side but within the panel, to embedded flanges at least sub 
stantially adjacent or nearer the second side but within the 
panel, and 
0028 a second array extends from beyond the second side, 
extends from the second side, or extends from adjacent or 
nearer the second side but within the panel, to embedded 
flanges adjacent or nearer the first side but within the panel; 
and 

0029 wherein 
0030 (A) there is lapping in part of individual flanges of 
one array with individual flanges of the other array when one 
notionally considers the panel normally to a said face, and/or 
0031 (B) there has been perforation and/or expanding of 
some part of at least one of the metal forms to better mechani 
cally tie to said settable material(s), and/or 
0032 (C) there has been, for at least one array, some 
mechanical linking of the sheet metal forms, one to another, 
prior to any at least partial embedding thereof. 
0033. In an aspect the invention consists in a composite 
panel having first and second sides as its faces and being a 
panel of at least one settable material and having at least 
partially embedded in said settable material(s) complemen 
tary arrays of sheet metal forms; 
0034 wherein one array extends from; or one array from 
adjacent one side but within the panel, to embedded flanges at 
least substantially adjacent the second side but within the 
panel, and 
0035 a second array extends from, or a second array 
extends from adjacent the second side but within the panel to 
embedded flanges adjacent the first side but within the panel; 
and 

0036 wherein there islapping in part of individual flanges 
of one array with individual flanges of the other array when 
one notionally considers the panel normally to a said face. 
0037. In an aspect the invention is a composite panel hav 
ing first and second sides (eg, as its faces), the panel having 
complementary reinforcement forms at least partially embed 
ded in set settable material or settable materials (“settable 
material(s)'); 
0038 wherein one form or set of forms (“first form(s)), 
each form having at least one flange and having part or parts 
which 

0039) i) extend(s) from beyond one side, 
0040 ii) extend(s) from one side, and/or 
0041 iii) extend(s) from adjacent or nearer one side but 
within the panel, laterally to said flange(s) embedded at 
least substantially adjacent or nearer the second Side but 
within the panel, and 
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0042 another form or set of forms (“second form(s)'), 
each form having at least one flange and having part or parts 
which 

0.043 i) extend from beyond the second side, 
0044) ii) extends from the second side, and/or 
0.045 iii) extends from adjacent or nearer the second 
side but within the panel, laterally to flanges embedded 
adjacent or nearer the first side but within the panel; 

0046 wherein flanges of the first form(s) and flanges of 
the second form(s) have longitudinal axes Substantially par 
allel: 
0047 and wherein the flanges of the first form(s) and 
flanges of the second form(s) interact, first form flange to 
second form flange, via the set settable material(s) interposed 
therebetween, thereby to confer a structural or load bearing 
advantage to the composite panel. 
0048 Preferably the interaction via the interposed mate 
rial(s) is as a consequence of flange lapping (ie, overlapping 
in part) or near lapping (ie, nearly overlapping in part) within 
the panel when one notionally considers the panel normally to 
a said side. 
0049 Preferably said interaction is without a flange of a 

first form touching a flange of a second form. 
0050 Preferably each form is elongate and the flange lon 
gitudinal axis is, or flange longitudinal axes are, parallel to the 
longitudinal axis of the form(s). 
0051 Preferably at least one of said first and second form 
(s) is, or are, metal form(s). 
0052 Preferably both of said first and second form(s), is or 
are, metal form(s). 
0053 Preferably at least one of said forms is a, or are, sheet 
metal form(s). 
0054 Preferably there is at least one set of elongate forms 
as an array, each form of an array having a said flange from a 
said longitudinal part thereof extending to the flange. 
0055 Preferably said elongate from or forms has or have 
the flanges as longitudinal lips to a lipped channel section 
elongate form. 
0056 Preferably there is lapping in part of individual 
flanges of one array with individual flanges of the other array 
when one notionally considers the panel normally to a said 
side. 
0057 Preferably one array extends from one side or 
extends from adjacent or nearer one side but within the panel. 
0058 Preferably wherein botharrays extend from one side 
or extends from adjacent or nearer one side but within the 
panel. 
0059 Optionally there has been perforation and/or 
expanding of Some part of at least one of the forms, or the 
material of the forms, to better mechanically tie to said set 
table material(s). 
0060 Preferably there has been, for at least one set as an 
array, Some mechanical linking of the forms, one to another, 
prior to any at least partial embedding thereof. 
0061 Optionally said settable material(s) is or includes at 
least one cementitious material and/or at least one polymeric 
material (eg. PUR). 
0062 Optionally said panel includes a mix of different 
settable material(s) and one of said sensible materials pro 
vides a Surface over one of said sides. 
0063 Preferably there is said lapping of the flanges. 
0064. The composite panel defined may be externally 
lined. 
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0065 Preferably said forms are sheet metal forms that are 
elongate and said flanges extend along parallel to the longi 
tudinal axis thereof. 
0066 Preferably at least one of the sets is an array of 
mutually parallel elongate sheet metal forms. 
0067. A panel claim 21 wherein each elongate form has 
two flanges and each is in-turned to constrict the opening of a 
channel of a channel like section. 
0068. In any aspect optionally additional forms have been 
introduced to increase strength in some areas. 
0069 Preferably at least some of the embedded flanges are 
Substantially flat and extend parallel to a face of said panel. 
0070 Preferably at least two individual sheet metal forms 
of a set, as an array are mechanically linked prior to the set of 
the settable material. 
0071 Preferably there is flange lapping and the lapping of 
individual flanges is such that along a face of a said panel 
(when notionally moving transversely to the preferred 
aligned longitudinal axis of roll or pressed elongate sheet 
metal forms), there is an alternating (as a consequence of an 
offset of the arrays) of which flange laps with which. 
0072 Optionally conduit forms pass between said arrays. 
0073 Preferably said conduit forms are embedded in said 
settable material. 
0074 Preferably conduit forms extend between said 
arrays Substantially perpendicularly and/or obliquely to the 
elongate axis of the sheet metal forms. 
0075. In another aspect the invention is a structure or an 
envelope or wall which includes at least one composite panel 
of any one of the preceding claims. 
0076. In another aspect the invention is formwork of a 
composite panel as previously set forth. 
0077. In another aspect the invention is formwork or a 
panel as previously set forth. 
0078. In another aspect the invention is a composite panel 
having first and second sides as its faces and being a panel of 
at least one settable material and having, partially and/or 
substantially wholly embedded in said settable material(s) 
complementary arrays of sheet metal forms; 
0079 wherein one array extends from beyond one side, 
one array extends from one side, or one array extends from 
adjacent or nearer one side but within the panel, to embedded 
flanges at least Substantially adjacent or nearer the second 
side but within the panel, and 
0080 a second array extends from beyond the second side, 
a second array extends from the second side, or a secondarray 
extends from adjacent or nearer the second side but within the 
panel, to embedded flanges adjacent or nearer the second side 
but within the panel to embedded flanges adjacent or nearer 
the first side but within the panel; and 
0081 wherein there islapping in part of individual flanges 
of one array with individual flanges of the other array when 
one notionally considers the panel normally to a said face. 
0082 In an aspect the invention consists in a composite 
panel having first and second sides as its faces and being a 
panel of at least one settable material and having, partially 
and/or substantially wholly embedded in said settable mate 
rial(s) complementary arrays of sheet metal forms; 
0083 wherein one array extends from beyond one side, 
one array extends from one side, or one array extends from 
adjacent or nearer one side but within the panel, to embedded 
flanges at least Substantially adjacent or nearer the second, 
side but within the panel, and 
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I0084 a second array extends from beyond the second side, 
a second array extends from the second side, or a secondarray 
extends from adjacent or nearer the second side but within the 
panel, to embedded flanges adjacent or nearer the first side but 
within the panel; and 
I0085 wherein there is perforate expanding of some part of 
at least one of the metal forms to better mechanically tie to 
said settable material(s). 
I0086. In an aspect the invention consists in a composite 
panel having first and second sides as its faces and being a 
panel of at least one settable material and having, partially 
and/or substantially wholly embedded in said settable mate 
rial(s), complementary arrays of elongate sheet metal forms, 
the longitudinal axes of the elongate forms being parallel, 
I0087 wherein one array extends from beyond one side, 
one array extends from one side, or one array extends from 
adjacent or nearer one side but within the panel, to embedded 
flanges at least Substantially adjacent or nearer the second 
side but within the panel, and 
I0088 a second array extends from beyond the second side, 
a second array extends from the second side, or a secondarray 
extends from adjacent or nearer the second side but within the 
panel, to embedded flanges adjacent or nearer the first side but 
within the panel; and 
I0089 wherein there has been, for at least one array, some 
mechanical linking of the sheet metal forms, one to another, 
prior to any at least partial embedding thereof. 
0090 Preferably there is lapping in part of individual 
flanges of one array with individual flanges of the other array 
when one notionally considers the panel normally to a said 
face. 
(0091 Preferably any of the embodiments hereinafter 
described and shown in the drawings or variations thereof, 
can satisfy Such a statement of invention. At least two differ 
ent settable materials can be used. 
0092 Preferably said sheet metal forms are elongate and 
said flanges extend along a longitudinal axis thereof. 
0093 Preferably at least one of the arrays (optionally both 
arrays) has said sheet metal forms as members of a channel 
like section. 
0094 Preferably each channel like section has two flanges 
and each is in turned to constrict the opening of such a channel 
of the channel like section. 
0.095 Optionally the flanges have a flanged lip that pref 
erably extends back into the channel of said channel section. 
0096 Preferably said embedded flanges are substantially 

flat and preferably extend parallel to a face of said panel. 
(0097. Preferably individual sheet metal forts are mechani 
cally linked prior to the set of the settable material. 
0.098 Preferably the lapping of the individual flanges is 
Such that along a face of a said panel (when notionally moving 
transversely to the preferred aligned longitudinal axis of roll 
or pressed elongate sheer metal forms), there is an alternating 
(as a consequence of an offset of the arrays) of which flange 
laps with which, eg, preferably substantially as hereinafter 
described with reference to any one or more of the accompa 
nying drawings. 
0099. In some preferred forms of the present invention 
conduit or Solid reinforcing bars (eg. tubing, rods, Solid rods, 
reinforcing rods or Solid bars) pass between said arrays. 
0100 Preferably said conduit or solid reinforcing bars (eg. 
tubing, rods, Solid rods, reinforcing rods or Solid bars) are 
embedded in said settable material. 
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0101. Where said sheet metal forms are elongate, prefer 
ably the elongate axis of the sheet metal forms of each said 
array is, or both arrays are, Substantially parallel and said 
conduit forms preferably extend between said arrays substan 
tially perpendicularly and/or obliquely. 
0102. In some preferred forms of the present invention the 
composite panel is a wall panel or a wall. It may be curved, 
cornered or the like. 
0103) In other forms the panel can be for any construc 
tional or free standing or other purpose (eg, acoustic, security, 
etc.). 
0104. In some forms of the present invention, quite apart 
from a preferred off-set to ensure lapping of flanges, alter 
nately there can be a greater degree of asymmetry from one 
side of the other. Such asymmetry can arise from the adoption 
of sheet metal forms for each array or a mixture of sheet metal 
forms for one or each array. 
0105. In a further aspect the invention consists in a com 
posite panel comprising sheet metal elongate members, 
arranged substantially with their elongate axes parallel and 
with at least part of each embedded in one or more settable 
materials irrespective of whether or not one or other side 
conceals and/or presents any part of any Such elongate mem 
ber. 
0106 Preferably said composite panel has some degree of 
lapping of such metal forms when considered transversely of 
the panel axis. 
0107. In a further aspect the invention consists in a build 
ing structure or a building envelope which includes at least 
one composite panel as aforesaid. 
0108. In some preferred forms of the present invention 
both arrays are fully embedded. In other embodiments, how 
ever, at least the base of a preferred sheet metal form has its 
outer metal surface exposed or not embedded (irrespective of 
whether subsequently coated, clad or otherwise treated). In 
Some forms the sheet metal forms include locating recesses 
for fixtures which will ensure passage of a said fixture into a 
said embedded flange of a sheet metal form of the other array 
and/or its own embedded flange. 
0109. In another aspect the invention is a composite and/or 
unitised panel comprising or including 
0110 at least one exterior liner, whether fabricated or non 
fabricated and whether profiled or non-profiled in whole or in 
part, of sheet metal defining or having been provided with 
inwardly extending embeddable forms, and 
0111 a matrix of a set settable material (i) moulded to 
and/or contacting the sheet metal and/or any interposed mate 
rial(s) and (ii) embedding and retaining at least the distal 
regions of each said inwardly extendable form, 
0112 wherein, otherwise than from being matrix embed 
ded and retained, the inwardly extending embeddable forms 
do not tie directly or indirectly to any exterior sheet beyond 
said matrix and do not tie directly or indirectly to that surface 
of the matrix opposite that moulded to the sheet metal and/or 
any interposed material(s). 
0113. In another aspect of the present invention, there can 
be provided a composite building element where sheet metal 
is profiled and is embedded in a matrix of a set settable 
material moulded to and/or contacting the sheet metal and/or 
any interposed material(s), wherein, for each sheet of metal, 
there are regions thereof spaced apart through the matrix 
when considered (eg. if a panel) perpendicularly of at least 
Some regions of the panel. 
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0114. The composite instructions of the present invention 
demonstrate high stiffness and Vertical load carrying capacity 
prior to any visible buckling of light gauge skin (if for 
example the sheet metal forms part of the skin). 
0.115. In an aspect the invention is a composite and/or 
unitised panel comprising or including 
0116 a first sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, 
0117 a second sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, and 
0118 a matrix of set settable material (i) moulded to the 
sheet metal and/or any interposed material(s) and (i) embed 
ding and retaining at the least the distal regions of each set of 
said extendable forms, 
0119 wherein, otherwise than from being matrix embed 
ded and retained, the inwardly extending embeddable forms 
of one sheer or panel liner do not tie directly or indirectly to 
the other sheet or panel liner nor to the inwardly extending 
embeddable forms thereof. 
I0120 Preferably said sheet or panel liner is of a metal 
(preferably sheet metal). 
I0121 Preferably said metal is a steel. Optionally that steel 
is coated eg, galvanised or otherwise protected. 
0.122 Preferably the metal is profiled preferably by a long 
run procedure (optionally pressing). 
I0123 Preferably the panel liner is fabricated from at least 
two, and preferably more than two, preformed sheet metal 
components pressed or long run formed (or Some hybrid of 
the two). 
0.124 Preferably at least some of the metal components 
are fabricated to a channel form. Preferably said channel form 
has a profiled exterior face. 
0.125 Preferably said channel form metal components 
include at least one flange to direct inwardly of its (optionally 
profiled) lining region of the section and that flange provides 
distally thereof a fold in flange which hips over the exterior 
lining region. 
0.126 Preferably there is such a flange sequence flanking 
either side of said exterior lining region. 
I0127 Preferably said panel liner is fabricated form a plu 
rality of metal components of an elongate character where 
transverse sections thereof are serially fixed one to another. 
I0128. In a further aspect the invention is a composite and/ 
or unitised panel comprising or including 
I0129 a panel liner fabricated from at least two compo 
nents of sheet metal, and 
0.130 a matrix of a set settable material keyed to the fab 
ricated panel liner, 
I0131 wherein each of the at least two components has at 
least one flange or flange sequence embedded and retained in 
the set settable material. 
I0132 Preferably the arrangement is as detailed hereinafter 
(preferably by reference to a double lined composite or uni 
tised panel). 
I0133. The invention is also a panel where a filler is inter 
posed between two such fabricated panel liners as aforesaid 
or at least two liners, one of which is a fabricated panel liner 
as aforesaid. 
0.134 Preferably where there are the sandwiching fabri 
cated panel liners, preferably one or more of the flange or 
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flange sequences of each sheet metal component of one fab 
ricated panel liner extends into the set settable material (ie, 
filler) beyond the distal region of flange or flange sequences 
of the each sheet metal component other fabricated liner. 
0135 Preferably said extension into the set settable mate 

rial is such that there is some interposing of flanges or flange 
sequences from one side with those of the other. 
0.136 Preferably lapping of the final flange of each flange 
sequence allows fixing into the panel through at least two 
metal thicknesses. 
0.137 In a further aspect the invention is a composite and/ 
or unitised panel comprising or including 
0138 a fabricated panel liner, of sheet metal, and 
0139 a cementitious and/or biopolymer matrix keyed to 
the fabricated panel liner, 
0140 wherein, the keying is to flanges and/or flange 
sequences of juxtaposed sheet metal channel forms where the 
base of each channel presents on its underside the liner Sur 
face. 
0141. In another aspect the invention is a construction 
provided by a series of prefabricated panels, 
0142 wherein, each panel comprises or includes 
0143 a first sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, 
0144 a second sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, and 
0145 a matrix of set settable material (i) moulded to the 
sheet metal and/or any interposed material(s) and (ii) embed 
ding and retaining at the least the distal regions of each set of 
said extendable forms, 
0146 wherein, otherwise than from being matrix embed 
ded and retained, the inwardly extending embeddable forms 
of one sheet or panel liner do not tie directly or indirectly to 
the other sheet or panel liner nor to the inwardly extending 
embeddable forms thereof. 
0147 Optionally at least some panels mate panel to panel 
(eg, index) via an interposed lesser panel that includes a 
utilities cavity (eg. by virtue of only a partial fill). 
0148. In another aspect the invention is a load and/or non 
load bearing panel comprising or including 
0149 a first sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, 
0150 a second sheet or panel liner, whether fabricated or 
non-fabricated and whether profiled or non-profiled in whole 
or in part, of sheet metal defining or having been provided 
with inwardly extending embeddable forms, and 
0151 a matrix of set settable material selected from a 
cementitious composition and/or a polymeric composition (i) 
moulded to the sheet metal and/or any interposed material(s) 
and (ii) embedding and retaining at the least the distal regions 
of each set of said extendable forms, 
0152 wherein, otherwise than from being matrix embed 
ded and retained, the inwardly extending embeddable forms 
of one sheet or panel liner do not tie directly or indirectly to 
the other sheet or panel liner nor to the inwardly extending 
embeddable forms thereof. 
0153. In another aspect the invention is a metal faced 
panel. 
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0154 Having fabricated long run metal forms or elongate 
pressings; or a hybrid of both, providing a metal facing on 
either side of filling, 
0155 wherein, over some extent(s) of the panel, in the 
plane(s) of the panel, metal sheet spaced normally to Such 
faces is such that, if the forms of one side are “A” and the other 
side are 'B', there is in the transverse direction, for such 
extent(s), a metal thickness progress as follows: 
0156. A to B to A to B. 
0157 in another aspect the invention is a method of form 
ing a load and/or non-load bearing panel comprising or 
including the steps of 
0158 laying up a panel liner of a plurality of elongate roll 
formed or pressed metal sheet forms; each of a section having 
a panel exterior Zone and a flange or flange sequence on one 
side of the Zone, and, optionally for some forms, a flange of 
flange sequence on the other side of the Zone, 
0159 before, during and/or after such laying up attaching 
each metal sheet form to its neighbour(s); and 
0160 laying a settable material on the panel liner so as to 
embed the flanges and/or flange sequences, and to conform to 
the sheet metal defining the panel exterior Zone and/or to 
material inside that Zone; 
0.161 and optionally laying down a similar or dissimilar 
panel liner, or a sheet metal liner with embeddable features, 
into said settable materialso as to fix, with or without further 
provision of settable material, only, or primarily only, via the 
settable material(s) when set to said first mentioned panel 
line. 
0162 The method of attachment is not critical. It may 
involve popriveting, “flanged hole' attachment, welding, 
adhesion, or other. Flanged hole attachment is favoured for 
pre-painted/pre-coated metal forms and involves punching a 
hole, pressing an upstand around a hole in an adjacent ele 
ment and then rolling the upstand back over the first hole to 
lock the two members together. 
0163 The method provides a panel of any of the kinds 
previously mentioned. 
0164. The invention is also any such panel when so 
formed. 
0.165 Instill another aspect the invention is a selfsupport 
ing load-bearing or non-load-bearing wall or floor panel 
including two structural skins interlocked indirectly through, 
and held apart by, settable filler. 
0166 Preferably the structural skins are profiled to have 
stiffening formations to resist local and/or overall buckling. 
0.167 Optionally the structural skins have lateral members 
either attached mechanically to or formed integrally with the 
skin to extend into the filler to resist loads. 
0168 Preferably one or more structural skin is manufac 
tured of (preferably light gauge) steel components which are 
mechanically connected to each other, but not to the opposing 
skin. 
0169 Optionally a partial inner skin is placed between the 
main structural skin and the filler as required to carry addi 
tional loading. 
0170 In use, a preferred method of connection to the 
footing includes a steel channel extending Substantially from 
one edge of a structural skin to an opposite end of the skin and 
attached to the structure, into which the panel is lowered. 
0171 Panels may have peripheral features (eg, rebates, 
grooves, channels, tongues, etc) to facilitate panel to panel 
indexing, panel to footing placement, Support of applied 
loads, etc. 
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0172 Some panels can be of Small expanse (eg. to accom 
modate utilities) or of lesser length (eg. to accommodate 
openings such as windows or doorways). 
0173 To provide peripheral features metal forms of a dif 
ferent section to these forms used elsewhere are envisaged. 
0.174. In still another aspect the invention is a load-bearing 
and/or non-load-bearing building element comprising 
formed elements typically of metals based products such as 
steel or aluminium sheet, coil, strip, or plate and a typically 
settable compound or compounds such as concrete and/or 
polymeric material (preferably bio-polymers) wherein the 
principal composite interaction between the formed elements 
is by interlocking mechanical means. 
0.175. In still another aspect the invention is a load-bearing 
and/or non-load-bearing building component comprising ele 
ments formed from metal based sheet, strip or plate materials, 
and a space filler composition, where the principal composite 
interaction between the formed elements is through mechani 
cal connection. 
0176 The space filler is a performance enhanced settable 
compound Such as lightweight concrete or foamed polyure 
thane which may form a chemical bond with the formed 
elements. 
0177. In another aspect the invention is a load-bearing 
and/or non-load-bearing filled (or at least substantially filled) 
building component, wherein each of a number of elements, 
as a set, are serially mechanically connected (eg, to adjacent 
elements on each side) but those of one side are unconnected 
to those elements, as a set, on an opposing side of the com 
ponent. 
0.178 Preferably formed elements as a set on one side are 
offset from those on the other side, with no direct connection 
other than through the filler, which give an integral load 
resisting component. 
0179 The formed elements may include lateral extensions 
either formed integrally or attached mechanically to act in a 
composite manner with the settable compound to resist loads. 
0180 Formed elements are strategically placed alongside 
the principal elements as required to carry additional loading. 
0181 A preferred footing for panels of the invention 
includes a steel channel, into which the panel is lowered. 
0182 Optionally at least some panel(s) include(s) at least 
one formed hollow and/or local indentations into which 
screws and other fastenings may be attached. 
0183 In another aspect the invention is a wall of other like 
structure where panels (howsoever formed) dock on a part 
filled exoskeleton post that provides for utilities. 
0184 Preferably said panels are metal sheet faced set 
material filled panels (eg, as previously defined). 
0185. Preferably said docking is by a tongue and groove 
engagement. Preferably the post presents the tongue(s). 
0186. As used herein the terms “composite' in respect of a 
panel refers to any suitable mixture of materials. 
0187. As used herein the term “unitised in respect of a 
panel refers to a panel formed from at least two multiple 
preformed components and in some way they are held relative 
to each other (preferably by said matrix in addition to any 
optional prefixing). 
0188 As used herein the term “module' or “modular 
refers to any chosen characteristic of a dimensional nature 
that allows the mating or use together of Such panels and/or 
components of Such panels. 
0189 As used herein “settable material' refers to any suit 
able material or distinct suitable materials that has a flowable 
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characteristic notwithstanding any solids or foaming agent 
that may be present therein and which thereafter can set to 
provide the matrix. Examples include, but are in no way 
limited to cementitous material(s), foamed plastics material 
(s) eg, polyurethane etc. and mixtures thereof. Similarly the 
term “matrix' refers the overall set settable material rather 
than any adhesive or binding ingredient thereof. 
0190. In some embodiments the settable material may be 
set or cured otherwise than in situ. 
0191 An applied layer of adhesive can be used to achieve 
any formwork to settable materials) bond instead of the bond 
being generated during a curing process eg, between the outer 
and inner filler (eg outer geopolymer and inner foam. In this 
way we may adhere an outer material Such as plywood, gib 
board or even a plastic. In some circumstances this possibly 
may do away with floating ribs. 
0.192 As used herein the term “embedded and retained' 
refers to a relationship between the sheet or panel liner and the 
matrix whereby separation in a direction normal to the gen 
eral plane of a Substantially or notionally flat composite and/ 
or unitised panel can be resisted. A corresponding meaning 
attaches to shaped panels (ie, which might have some inten 
tional curving or the like). 
(0193 “Embedded” has the further meaning that the sheet 
or sheets are surrounded by the settable material on sheet-to 
matrix interfaces. 
0194 As used herein the term “reinforcing bar' refers to 
any elongate member used for reinforcement and may 
encompass any of the following terms “tubing”, “rod”, “solid 
rod”, “reinforcing rod' or “solid bar. 
(0195 As used herein “and/or includes “and” or “or, or 
where the context allows, both. 
0196. As used herein the term “s' following a noun means, 
as might be appropriate, the singular or plural form of the 
noun, or both. 
0.197 As used herein the term “sheet refers to a material 
of a sheet like form whether flat or not and whether of a 
constant thickness or not. 
0198 As used herein the term “panel” refers to any com 
ponent able to provide by itself or in conjunction with any 
other component structure or the like some panel like char 
acteristic whether as part of or all of a wall, a ceiling, a roof. 
a floor or the like in preferably a building. Such panels how 
ever, are not restricted to use in the building or the construc 
tion industry and could have uses elsewhere (eg, as freestand 
ing walls for display purposes; security purposes and the 
like). Preferably the sheet metal “keys' to the set settable 
material and thus is “retained by part of the sheer metal (eg. 
a flange of a flange sequence or holes or profiled flanges) 
having set material blocking withdrawal. 
(0199. As used herein the term “inward” or “inwardly” 
refers to a direction into a panel from the sheet or panel liner. 
“Outward' and “outwardly' have the corresponding mean 
ing. Such directions are independent of whether or not the 
panel or components thereof are substantially flat. 
0200. As used herein “flange' can include a configured 
sheet metal flange where or not part of a “flange sequence'. 
0201 As used herein the term “key” or “keyed' or “key 
ing preferably refers to the outcome of the set of settable 
material on the sheet and/or panel liner to provide a mechani 
cal attachment (eg, embedded and retained) irrespective of 
whether or not there is any adherence. 
0202 As used herein “load bearing means able to bear a 
load at least in one direction along the panel. 
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0203 Preferred forms of the present invention will now be 
described with reference with the accompanying drawings in 
which: 
0204 FIG. 1 shows a perspective end view of a part width 
of an assembly of sheet metal forms adapted to interact with 
each other such that the two shown on the lower side and the 
three shown on the upper side interact so as to provide 
embeddable forms in the fill material (the fill not being 
shown) and overlapping sheet metal (when viewed normal to 
the panel) as a result of flanges and/or flange sequences, 
0205 FIG. 2 is an end view of the arrangement as shown in 
FIG. 1, 
0206 FIG.3 is a perspective view of a panel (but omitting 
the fill material for clarity) showing a channel form at the 
right hand end able to receive the panel, 
0207 FIG. 4 shows how components of a system such as 
depicted in FIGS. 1-3 and described in more detail by refer 
ence to at least FIGS. 5-7 can co-act to form a panel liner or 
face with embeddable forms as a result of flanges and/or 
flange sequences and art out of register similar arrangement is 
possible on the other side or face so that the embeddable 
forms, as a result of the panel liner fabrications on each side 
or face, result in the interposed arrangement as shown and the 
overlapping as depicted, (FIG. 4 also showing how modifi 
cations of the main profiled forms can be used to provide each 
side periphery of the lined panel form), 
0208 FIG. 5 is an end view or a section of a main sheet 
metal form of a kind used in FIG. 4, 
0209 FIG. 6 shows a sheet metal form as is appropriate for 
forming part of the side peripheries of the panel of FIG. 4, 
0210 FIG. 7 shows a sheet metal form or component to 
co-act with the component of FIG. 6 (that of FIG.7 preferably 
being for the interior of the panel whilst that of FIG. 6 is for 
the exterior of the panel) where the two components may or 
may not overlap at the sides of the panel. 
0211 FIG.8 shows holes that can beformed in the sides of 
the components as depicted in the preceding figures, 
0212 FIG. 9 shows rivet hole placement for the compo 
nents such as in FIGS. 5-7, 
0213 FIG. 10 shows a cross connection that can be used 
between adjacent panels (generally of the form shown in FIG. 
4) So as to provide a partially filled panel or post that may 
leave a services cavity, 
0214 FIG. 11 shows a front view of the assembly of FIG. 
10 showing side openings to the services cavity in order to run 
services, 
0215 FIG. 12 is a view of the form work of a panel in 
accordance with a further embodiment of the present inven 
tion, (eg, one having a steel face on each exterior side), FIG. 
12 showing the assembly of three different types of elongate 
sheet metal element looking longitudinally of Such elongate 
members, and forming a complete unitised part. 
0216 FIG. 13 is an end view or sectional view of a pre 
ferred main elongate element of the assembly as shown in 
FIG. 12, 
0217 FIG. 13A is an isometric view of part of the length of 
Such a main elongate element as shown in FIG. 13, 
0218 FIG. 14 is an end view or sectional view of an 
exterior elongate element of an assembly as shown in FIG. 12, 
0219 FIG. 14A is a short length isometric view of the 
exterior elongate element of FIG. 14, 
0220 FIG. 15 is an end or cross-sectional view of an 
interior elongate element incorporated in an assembly as 
shown in FIG. 12, 
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0221 FIG. 15A is a short length isometric view of the 
interior elongate element of FIG. 15, 
0222 FIG.16 is a view such as in the direction AA of FIG. 
13 showing openings in the inward extending sheet region of 
the inwardly extending embeddable forms of the elongate 
element of FIG. 13, 
0223 FIG. 17, analogously to FIG. 16, is the view BB of 
either or both of the elongate elements of FIGS. 14 and 15, 
0224 FIG. 18 is a perspective view of the assembly shown 
in FIG. 12, 
0225 FIG. 19 is a view of the panel in accordance with a 
further embodiment of the present invention, (eg, one face 
being concrete and the other face being steel and with pref 
erably a two filler mix with two different types of elongate 
sheet metal element forming a “floating rib' looking longi 
tudinally of Such elongate members). 
0226 FIG. 20 is an end view or sectional view of a pre 
ferred main elongate element of the assembly as shown in 
FIG. 19, 
0227 FIG. 20A is an isometric view of part of the length of 
Such a main elongate element as shown in FIG. 20. 
0228 FIG. 21 is an exterior elongate element of an assem 
bly as shown in FIG. 19, 
0229 FIG. 21A is a short length isometric view of the 
exterior elongate element of FIG. 22. 
0230 FIG. 22 is an end or cross-sectional view of an 
interior elongate element incorporated in an assembly as 
shown in FIG. 19, 
0231 FIG. 22A is a short length isometric view of the 
interior elongate element of FIG. 22. 
0232 FIG. 23 is a view of the panel in accordance with a 
further embodiment of the present invention, (eg. concrete on 
each face, preferably using fillers of different mixes), 
0233 FIG. 24 is an end view or, sectional view of a pre 
ferred main elongate element of the assembly as shown in 
FIG. 23, 
0234 FIG.24A is an isometric view of part of the length of 
Such a main elongate element as shown in FIG. 23. 
0235 FIG.25 is an end view or sectional view of a pairing 
ofelongate elements (mirror imaged preferably) of an assem 
bly as shown in FIG. 23, the pairing providing a combination 
or subassembly as a “floating rib', 
0236 FIG. 25A is a short length isometric view of the 
floating rib of FIG. 25, 
0237 FIG. 26 is an end or cross-sectional view of an 
interior elongate element incorporated in an assembly as 
shown in FIG. 23, 
0238 FIG. 26A is a short length isometric view of the 
interior elongate element of FIG. 26, 
0239 FIG.27 is a diagrammatic view showing reinforcing 
bar which may or may not be incorporated to act as a rigidi 
fying influence transversely of the longitudinal run of the 
elongate sheet metal forms of any one or more of the embodi 
ments of the present invention, Such reinforcing baracting not 
only as a rigidifying feature for the form work and/or the 
completed panel, (ie, with the cementitious or other filling 
material in place), but also providing access for utilities, FIG. 
27 for simplicity not showing the make up, insofar as the 
elongate metal forms are concerned, of the whole panel, 
0240 FIG. 28 shows with aggregate fill a variation of the 
wall as shown in FIG. 4, 
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0241 FIG. 29 shows two elements used in the wall of 28 
being used on a wall where the form work elements, of a 
different kind, are embedded behind one face of the wall but 
not the other, 
0242 FIG. 30 shows a wall where all of the form work is 
embedded 
0243 FIG.31 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0244 FIG. 32 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0245 FIG.33 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0246 FIG.34 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0247 FIG.35 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0248 FIG. 36 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0249 FIG.37 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0250 FIG.38 shows a sheet metal form of a kind that may 
be used in the panels of FIGS. 28 to 30, 
0251 FIG. 39 shows a graph of the design axial ultimate 
strength of concentric and eccentrically loaded 100 mm pan 
els (i.e the panel of FIG. 28) with a light weight cementious 
filler and a foam filler, 
0252 FIG. 40 shows a graph of the design axial ultimate 
strength of concentric and eccentrically loaded 125 mm pan 
els (i.e. the panel of FIG. 28) with a light weight cementious 
filler and a foam filler, 
0253 FIG. 41 shows a graph of the design axial ultimate 
strength of concentric and eccentrically loaded 100 mm pan 
els (i.e the panel of FIG. 28) with a medium weight cemen 
tious filler and a normal weight cementious filler, 
0254 FIG. 42 shows a graph of the design axial ultimate 
strength of concentric and eccentrically loaded 125 mm pan 
els (i.e the panel of FIG. 28) with a medium weight cemen 
tious filler and normal weight cementious filler, and 
0255 FIG. 43 is a table showing the mechanical properties 
of possible filler materials. 
0256 Preferred forms of the present invention will now be 
described with reference first to a preferred embodiment 
where both faces of a panel are lined with a fabrication of 
sheet metal forms and which have such forms attached, one to 
another, by any suitable fixing arrangement, eg, riveting, 
welding, clinching, scam lining, or the like. 
0257 Some drawings show reasonably symmetric panel 
forms but it should be appreciated that asymmetric panel 
forms can also be used (ie, asymmetric in the sense that there 
can be a fabricated face provided by at least two shaped forms 
of long run and/or pressed sheet metal and, on the other face, 
any appropriate facing material, if any at all). 
0258 Preferably however there is a sandwiching effect by 
the panel liners thereby to present an exterior metal face. 
0259. In the preferred embodiments depicted a fill is pro 
vided between the panel liners. Any acceptable fill material 
that is a settable material and which confers the appropriate 
characteristics to the panel can be used. 
0260 For example, James Hardie WO 00/14354 discloses 
a panel filling cementitious material 17, preferably producing 
a core density of between 200 kg/m and around 1200 kg/m, 
and ideally around 550 kg/m. Their preferred cementitious 
formulation comprises a mixture of sand, cement and water, 
together with suitable additives adapted to achieve the desired 
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density and to facilitate mixed performance and bonding. One 
particularly preferred formulation they disclose includes, 
within a tolerance of around +10%, approximately: 
0261 43% by weight of cement; 
0262) 19% by weight of sand, 
0263. 29.5% by weight of water; 
0264. 4% by weight of expanded polystyrene beads, and 
0265 0.5% by weight of concrete additives. 
0266 Whilst such a composition can be used, a preferred 

filler for use with the present invention is a foamed Portland 
cement concrete with a dry density of about 650 kg/m3 and 
comprising approximately: 
0267 57% by weight of cement, 
0268 12% by weight of sand or flyash, 
0269 29% by weight of water, 
0270 2% by weight of specialist additives and foaming 
agent 
0271 In other forms of the present invention, a non-ce 
mentitious fill can be used, eg. ofa biopolymer or a polymeric 
foam eg, a polyurethane foam atone or in conjunction with 
other material(s). 
0272. As can be seen in the drawings there are provided on 
each face as a sheathing assembly there is a main long run 
form, rolled form and/or pressed form as one of the elements. 
Each such element (see particularly FIG. 5) includes a chan 
nel form with a restricted entrance. The channel base 3 is to 
contact, preferably directly, the filling material. In some 
embodiments the filling material can include or the liftable 
space can be packed with an insulating material or left, in part, 
protected against filling by some appropriate inclusion (eg. a 
void former or foam material). 
(0273 Preferably visible on the outer face of the main 
panel/facing region which has been profiled, preferably by 
longitudinal forming of exterior grooves 4, there are localised 
hollows or indentations, to facilitate fixing to the resulting 
panel at positions underlying part of a flap sequence. The 
visible outer face has also been stiffened by the longitudinal 
forming of exteriorindentations 5. All Such profiling assists in 
Suppressing visible deformation of the outer face under nor 
mal in-service conditions. 
0274 The arrangement as shown in FIG. 5 and carried 
through in FIGS. 1-4 includes on one side a flap sequence 6, 
8 and 10 and on the other side a flap sequence 7, 9 and 11. 
0275. In other forms a flap 6 and/or 7 alone could be used 
with openings and/or kinking to render it retainable in the set 
embedding fill. 
0276. The inwardly directed flanges 6 and 7 are preferably 
provided with openings as shown in the figures to allow 
migration of unset fill along the panel and to key through the 
mated flanges 6, 7 and vice versa. 
0277. The face (substantially parallel) flanges Sand 9 
(which may or may not be strengthened by interned flanges 10 
and 11 respectively) are positioned to lie inwardly of the base 
3 of the channel forms of the other side. They are also posi 
tioned to ensure fixings, (eg. Screws, bolts, etc) using grooves 
4, or any of them, if at Sufficient length will pass not only 
through the metal thickness on the face of the panel but also 
through a flange 8 or 9, or both, for more secure fixing without 
reaching to the other face of the panel and thereby providing 
any metal to metal conductive pathway through the panel. 
0278. As can be seen in the figures, the stagger of one face 
relative to the other results in the pairings 14 of flange 
sequences of the proximate forms being interposed between 
mirror imaged arrangements from the other face. This 
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ensures, if desired, a fixing from a groove 4 can engage into a 
flange 9 or 8 of a form of the facing/panel liner from the other 
side, if it is not to extend to a flange 8 at 9 from the form of 
same side. There is the prospect of fixing through both with 
out reaching to the other side. The grooves 4 are slightly offset 
from a symmetrical position so that a screw from one side 
which is longer than half the panel width does not interfere 
with a screw that is also longer then half the panel width 
which is installed from the other side. 

0279 Preferably other forms, such as those depicted in 
FIGS. 6 and 7 which are variations of the form as shown in 
FIG. 5, are provided with rebates 12 and 13 respectively that 
co-act in the manoras shown in each of the side peripheries of 
the panel of FIG. 4 to defuse locating sockets/grooves 22. 
0280. The modularity of the system allows any appropri 
ate side periphery to side periphery distance to be used. Varia 
tions of the form substantially as shown in FIGS. 10 and 11 
can be used to provide abbreviated panels or post forms able 
to index with a fabricated tongue 21 into a groove 22 provided 
by the paired rebates 12 and 13 of the forms as shown in FIGS. 
6 and 7. 

0281 FIG. 10 shows a roll formed or other formed mem 
ber (of any suitable material whether metal, plastics or oth 
erwise) 19 (eg. a plastic extrusion) which has the effect of 
leaving clear a utilities conduit 23 accessible via openings 20. 
The optional member 19 keeps the fill 24 against the metal 
surfaces other than those of the region 23. 
0282. As can be seen in FIG. 1, paired members 6 and 7. 
from FIG. 5, or vice versa, of proximate forms 1 provide an 
attached intrusion 14 topped by the top part of a T-form 
defined respectively by a flange 8 or 9, or vice versa. The 
forms 14 can be provided with the through openings 15 
depicted (either circular or square cross section) and previ 
ously described to allow fill migration and/or keying. 
0283. It is envisaged that the preferred method of manu 
facture in accordance with the present invention comprises a 
layout jig or formwork into which the forms of one side are 
positioned (post fabrication, prior to fabrication or during 
fabrication, or any hybrid thereof). There can then be a laying 
up of the fabricated form of the other side into Such a jigging 
arrangement. Thereafter there can then be the filling with the 
appropriate mix by any appropriate feed in method to ensures 
a complete fill. 
0284. It should be appreciated that the forms shown in 
juxtaposition or subassembly in FIGS. 1-4 are not necessarily 
the full side periphery inside periphery expanse. Side periph 
eries are preferably each formed with components as shown 
in FIGS. 4-7 but need not be necessarily be so. 
0285. The dimensions of the panel or modular panels of a 
panel system in accordance with the present invention will 
depend on the end usage. Likewise the nature of the fill. 
Likewise the thickness(es) and surface treatment(s) of the 
metal forms. 
0286 By way of example, a panel sub-assembly as shown 
in FIG. 2 could be of half a metre in side periphery to side 
periphery with each channel base being about 250 mm across 
can be of any length). Its inwardly directed flanges 6 and 7 can 
be of about 75 mm. The flanges 8 and 9 can be of about 89 mm 
whilst the inturned lip can be of about 5 mm. 
0287 Do appreciate that such dimensions are in no way 
fixed at these values. 

0288 Mating of such forms in the manner aforementioned 
will provide a filled panel of thickness of about 100 mm. 
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0289. As far as the rebates are concerned, these can be of 
any suitable co-acting kind. By way of example, the dimen 
sions of the panel forming sheet metal of FIG. 6 can be much 
the same as that of FIG. 5 but with a rebate of about 45 mm by 
about 27.7 mm. The panel of, for example, 
0290 FIG. 7 could be 125 mm across (with similar dimen 
sions otherwise as far as intrusion is concerned) but with a 
flange of say 50 mm and a rebate of for example, about 45 
mm by about 28.9 mm. Again these are examples only. 
0291. A preferred metal is sheet steel (eg, G300 or G550 
coated sheet steel) and can be as little as about 0.4 mm thick 
(preferably at least 0.5 mm thick up to, say, 2 mm thick) 
depending on the loading outcomes required. 
0292. The preferred sheet steel grades and thicknesses are 
either Grade 300 at 0.75 mm thick or Grade 550 at 0.55 mm 
thick. While sheet thickness can range from the about 0.4 mm 
thickness stated upwards, examples of appropriate Steel 
thicknesses are 0.55 mm, 0.75 mm and 1.2 mm thickness. 
0293. The position of holes can be as is appropriate but 
preferably as Such as to maintain modularity of the system. 
Preferred hole shape is circular. 
0294. A preferred filler for use with the present invention 

is a foamed Portland cement concrete with a dried density of 
about 650 kg/m. The preferred recipe for such a material is: 
0295 57% by weight of cement, 
0296 12% by weight of sand or flyash, 
0297. 29% by weight of water, and 
0298 2% by weight of specialist additives and foaming 
agent. 
0299 Preferred load carrying capacity interms of length is 
10 tonnes/metre width for a panel of around 6 metres in 
length. Including self-weight. 
0300. It should be appreciated that thinner sheet will be 
more difficult to handle during manufacture and more prone 
to local damage and surface. Thicker sheet is less difficult to 
handle and less prone to Such damage and will provide a 
greater capacity for the fasteners that might be used. 
(0301 Preferred form to form fabrication preferably takes 
place on a Supporting Surface and/or in a jig and is by riveting 
and/or line clinching and/or other connecting mechanisms. 
0302 Panel edges, where they occur, can be joined by 
blind steel rivets through holes drilled as appropriate. Alter 
natively the join can be achieved using clinching of the two 
sheets at the edges through the pre-formed holes. 
(0303 FIGS. 12 through 18 show a further form of the 
present invention where complementary arrays capped, at 
each end of the array progressions, by elongate members (the 
inner and exterior members) respectively of FIGS. 15 and 14 
to provide ends (laterally of the arrays) of components as in 
FIG. 13. Such figures correspond more or less with those 
previously disclosed. 
(0304 FIGS. 16 and 17 however show how preferred open 
ings might be provided therein so that, if desired, tubes as 
shown in FIG. 27 or reinforcing bar can pass through such 
openings 26. 
0305 The panel construction sequence for the steel face 
on each side option shown in FIGS. 12 through 18 is as 
follows: 

(0306 (i) Punch the holes into the steel sheet 
0307 (ii) Cut and fold (either roll form or fold press) the 

steel sheets into the elements. 
0308 (iii) Assemble and connect the elements together 
(either through clinching, mechanical lock, seaming 
etc). 
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0309 (iv) Insert the panel face into the slanted or level 
formwork. 

0310 (v) Install the service pipes and/or reinforcing 
bars if required. 

0311 (vi) Connect the panel edge elements together 
(either through riveting, clinching, etc). 

0312 (vii) Seal edges as required and prepare panel for 
filler. 

0313 (viii) Prepare filler material and pour into panel 
once ready. 

0314 (ix) Remove panel after a suitable amount of time 
for filler set. 

0315 (x) Panel ready to be used on Site after filler 
obtained required strength. 

0316 FIGS. 19 through 22A shows an embodiment 
where, in a manner Substantially as previously described 
there is the metal array and end capping reliant upon members 
as depicted in FIGS. 20 through 22, the arrangement being 
substantially as previously defined. In this situation however, 
preferably a light concrete core as the settable material can be 
used to provide the embedding core 27 and one side can be 
provided with identical or different more rupture resistant 
salable material 28, ie, for example, a durable, high modulus 
of rupture concrete mix. 
0317. An arrangement even as shown in FIG. 19 can make 
provision for transverse service pipes or reinforcing bar as 
depicted in FIG. 27. 
0318. By way of example, if one considers the panel of 
FIG. 19 as having a panel thickness of say 100 mm, the outer 
Zonal material could be a concrete mix of for example, 35 
mm depth. Even So, there is still provision with openings of 
the kinds depicted in FIGS. 16 and 17, but analogously for the 
sections of FIGS. 20 to 22, to accommodate, by way of 
example, a 28 mm diameter Steel service pipeat, for example, 
spacings of say, 2 metre intervals up through the panel or a 
reinforcing bar at spacings of 1 metre intervals for example. 
0319. The panel construction sequence for the steel face/ 
concrete face and with a two filler mix as described in con 
nection with FIGS. 19 through 22A is as follows: 

0320 (i) Punch the holes into the steel sheet. 
0321 (ii) Cut and fold (either, roll form or fold press) 
the steel sheets into the elements, this process also 
includes expanding the element flanges if required. 

0322 (iii) Assemble and connect the elements together 
(either through clinching, mechanical lock, seaming 
etc). 

0323 (iv) Insert the panel face into the pouring box. 
0324 (v) Install the service pipe and/or reinforcing bar 
if required. 

0325 (vi) Seal and prepare panel for fillers. 
0326 (vii) Prepare both filler materials and pour into 
panel once ready, the lighter filler fast followed by the 
more durable filler. 

0327 (viii) Level the durable filler and set patterns if 
required. 

0328 (ix) Remove panel after a suitable amount of time 
for filler set. 

0329 (x) Panel ready to be used on site after fillers 
obtained required strength. 

0330. In FIG. 19 the floating rib assembly 30 is shown. 
This can be two mirroring sections mechanically or adhe 
sively, or both, held together. 
0331 FIG. 19 shows, by way of example, a fully embed 
ded floating rib 30 to the left hand side of FIG. 19. The right 
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hand side of FIG. 19 shows parts of the floating rib 30A 
outwardly of the settable material 28. 
0332 The sellable material can be the same or different 
from the settable material on the other side, ie, 27 (for 
example, a durable Surface providing mix when the floating 
rib is fully embedded and a light-weight mix when the float 
ing rib extends outwardly of the settable material). 
0333. The left hand side of FIG. 19 shows the floating rib 
30 flanges 29 embedded but not in an overlapping arrange 
ment as previously defined. Nonetheless there remains the 
lapping of, for example, 30 with flange 31. 
0334 By way of example all of the elongate members 
could be manufactured from, for example, 1.2 mm fixed steel 
sheets although thicknesses of, for example, 1.2 mm to 0.55 
mm thick G300 (or G500) galvanised steel are also preferred. 
0335 The panel construction sequence for the embodi 
ment with a concrete double face as shown in FIGS. 23 
through 26A is as follows: 

0336 (i) Punch the holes into the steel sheet. 
0337 (ii) Cut and fold (either roll form or fold press) the 

steel sheets into the elements, this process also includes 
expanding the element if required. 

0338 (iii) Assemble and connect the elements together 
(either through clinching, mechanical lock, seaming 
etc). 

0339 (iv) Insert the panel face into the pouring box. 
0340 (v) Install the service pipe and/or reinforcing bar 
if required. 

0341 (vi) Connect the panel edge elements together 
(either through riveting, clinching, etc). 

0342 (vii) Prepare both filler materials and pour the 
durable filler first up to a certain height. 

0343 (viii) Insert the steel panel up to a certain depth, 
then pour the lighter filler to a certain height to be fol 
lowed by the durable filler. 

0344 (ix) Level the durable filler and set patterns if 
required. 

0345 (x) Remove panel after a suitable amount of time 
for filler set. 

0346 (xi) Panel ready to be used on site after fillers 
obtained required strength. 

0347 In other embodiments surface coating (eg, with 
plaster, Gibraltar board, fibre board, etc.) can be considered. 
0348. It is believed that a panel in accordance with the 
present invention provides a worthwhile alternative to exist 
ing panel forms. Such elements and panels as described dem 
onstrate high stiffness and Vertical load carrying capacity 
prior to visible buckling of the light gauge sheet metal skin. 
Such capacity is Surprising. 
0349 Optionally in the arrangement as shown in FIGS. 23 
through 26A the regions 39, 40 and 41 of the sectional forms 
of FIGS. 24 through 26 respectively can be of perforately 
expanded metal So as to increase mechanical concrete bond 
ing. Preferably the flange regions 33, 34 and 35 are not per 
forately expanded so as to ensure good and adequate fixing. 
0350 FIGS. 28, 29 and 30 show further embodiments of 
the present invention. 
0351 FIG. 28 shows a panel with a cementious filler. The 
panel is not lined on its periphery. The performance charac 
teristics of such a panel are shown in the graphs of FIGS. 39 
to 42 

0352 FIG. 29 shows a panel with a cementious fillet, but 
further having form work elements 28 embedded behind on 
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one face of the wall but not the other. The form workliner may 
for example be a high density settable material. 
0353 FIG. 30 shows a panel with a cementious fillet, but 
with form work elements 28 embedded on both of its sides. 
The form work liners may be a high density settable material 
28. 

0354 FIGS. 31 to 38 show various sheet metal forms of 
kinds used in the panels of FIGS. 28 to 30. 
0355 FIGS. 39 to 42 show the design ultimate axial 
strength to the effective panel height, for different fillers for a 
100 mm thick panel and a 125 mm thick panel. FIGS. 39 and 
40 show the results using a foam filler and a light weight 
concrete filler. FIGS. 41 and 42 show the results using a 
medium weight concrete filler and a normal weight concrete 
filler. 
0356 FIG. 43 summarises the mechanical properties of 
the different fillers used for the panels shown in FIGS. 39 to 
42. 
0357 The design axial strength is that associated with the 
ultimate limit state loads, i.e. it must be compared with the 
strength limit state applied loads from a suitable loading 
Standard Such as AS/NZS 1170. 
0358. The FIGS. 39 to 42 show curves for concentric and 
eccentric loading. Under concentric loading the axial load is 
applied to the panel centre at the top. (i.e. as a roof or a floor 
placed on top of the panel which is continuous on both sides 
of the panel). 
0359 Under eccentric loading the axial load is applied at 
the face of the panel (i.e. as a floor connected to the panel face 
by an angle connection). 
0360. The x-axis of FIGS. 39 to 42 show the effective 
panel length for design. This is the length of an effective pin 
ended column and can be taken as the clear distance from the 
top of the floor to the bottom of the floor above or roof. Hence, 
for a 6 metre panel with a floor attached at 3 metres and a rood 
at 6 metres, the effective length (or height) is conservatively 
taken as 4 metres. 
0361. As shown in FIG. 39 there is little difference 
between the curves of foam filler and the light weight cemen 
tious filler. Therefore, the foam filler is providing a similar 
performance to the light cementious filler. 
0362 Similar results were obtained for the 125 mm panel 
as shown in FIG. 40. 
0363 As shown in FIG. 41, the medium and normal 
weight cementious fillers do have increased strength com 
pared with the lighter fillers shown in FIG. 39. However, there 
is a major difference between the normal weight cementious 
fillet and the medium weight cementious filler. 
0364 Similar results were obtained for the 125 mm panel 
as shown in FIG. 42 
0365 What is common between all the graphs shown on 
FIGS. 39 to 42, is that at 5 metres effective height both 
concentric and eccentric loading starts to become the same 
due to the elastic limit being reached. The lightweight fillers 
have Such low compressive strength, density and modulus of 
elasticity that they do not contribute much tot the panel over 
all strength. As such, the steel is carrying most of the load, 
while the filler is just preventing it from buckling. When 
medium and normal cementious fillers are used the filler 
contributes to the overall strength. Such embodiments may be 
Suitable for use in heavy load bearing applications. Such a 
panel may be used as a shear wall, for blast resistance, or any 
other suitable heavy duty uses. In this specification where 
reference has been made to patent specifications, other exter 
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nal documents, or other sources of information, this is gen 
erally for the purpose of providing a context for discussing the 
features of the invention. Unless specifically stated otherwise, 
reference to Such external documents is not to be construed as 
an admission that such documents, or Such sources of infor 
mation, in any jurisdiction, are prior art, or form part of the 
common general knowledge in the art. 

1-59. (canceled) 
60. A composite panel having first and second sides, the 

panel having complementary reinforcement forms at least 
partially embedded in set settable material or settable mate 
rials; 

wherein a first form or set of first forms, each form having 
at least one flange and having part or parts which 
i) extend from beyond one side, 
ii) extend from one side, and/or 
iii) extend from adjacent or nearer one side but within 

the panel, 
laterally to said flange embedded at least Substantially adja 
cent or nearer the second side but within the panel, and 

another second form or set of second forms, each form 
having at least one flange and having part or parts which 
i) extend from beyond the second side, 
ii) extends from the second side, and/or 
iii) extends from adjacent or nearer the second side but 

within the panel, 
laterally to flanges embedded adjacent or nearer the first side 
but within the panel; 

wherein flanges of the first form and flanges of the second 
form have longitudinal axes Substantially parallel; 

and wherein the flanges of the first form and flanges of the 
second form interact, first form flange to second form 
flange, via the set settable material interposed therebe 
tween, thereby to confer a structural or load bearing 
advantage to the composite panel. 

61. The composite panel of claim 60 wherein the interac 
tion via the interposed material is as a consequence of flange 
overlapping or near overlapping within the panel when one 
notionally considers the panel normally to a said side. 

62. The composite panel of claim 60 wherein said interac 
tion is without a flange of a first form touching a flange of a 
second form. 

63. The composite panel of claim 60 wherein each form is 
elongate and the flange longitudinal axis is, or flange longi 
tudinal axes are, parallel to the longitudinal axis of the form. 

64. The composite panel as claimed in claim 60 wherein at 
least one of said first and second form is a metal form. 

65. The composite panel as claimed in claim 64 wherein 
both of said first and second form is a metal form. 

66. The composite panel as claimed in claim 60 wherein at 
least one of said forms is a sheet metal form. 

67. The composite panel of claim 60 wherein there is at 
least one set of elongate forms as an array, each form of the 
array having a said flange from a said longitudinal part 
thereof. 

68. The composite panel of claim 67 wherein said elongate 
form has the flanges as longitudinal lips to a lipped channel 
section elongate form. 

69. The composite panel as claimed in claim 67 wherein 
there is lapping in part of individual flanges of one array with 
individual flanges of the other array when one notionally 
considers the panel normally to a said side. 
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70. The composite panel as claimed in claim 67, wherein 
one array extends from one side or extends from adjacent or 
nearer one side but within the panel. 

71. The composite panel as claimed in claim 67, wherein 
both arrays extend from one side or extends from adjacent or 
nearer one side but within the panel. 

72. The composite panel as claimed in claim 60 wherein 
there has been perforation and/or expanding of some part of at 
least one of the forms, or the material of the forms, to better 
mechanically tie to said settable material. 

73. The composite panel as claimed in claim 60 wherein 
there has been, for at least one set as an array, Some mechani 
cal linking of the forms, one to another, prior to any at least 
partial embedding thereof. 

74. The composite panel as claimed in claim 60 wherein 
said settable material is or includes at least one cementitious 
material. 

75. The composite panel as claimed in claim 60 wherein the 
settable material is or includes a polymeric material. 

76. The composite panel as claimed in claim 60 wherein 
said panel includes a mix of different settable material and 
one of said settable materials provides a surface over one of 
said sides. 

77. The composite panel of claim 60 wherein there is said 
lapping of the flanges. 

78. The composite panel as claimed in claim 60 that is 
lined. 

79. The composite panel of claim 66 wherein said sheet 
metal forms are elongate and said flanges extend along par 
allel to the longitudinal axis thereof. 
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80. The panel of claim 60 wherein at least one of the sets is 
an array of mutually parallel elongate sheet metal forms. 

81. The panel claim 80 wherein eachelongate form has two 
flanges and each is in-turned to constrict the opening of a 
channel of a channel like section. 

82. The panel of claim 60 where additional forms have 
been introduced to increase strength in some areas. 

83. The panel of claim 60 wherein at least some of the 
embedded flanges are substantially flat and extend parallel to 
a face of said panel. 

84. The panel of claim 60 wherein at least two individual 
sheet metal forms of a set, as an array are mechanically linked 
prior to the set of the settable material. 

85. The panel of claim 60 wherein there is flange lapping 
and the lapping of individual flanges is such that along a face 
of a said panel, when notionally moving transversely to the 
preferred aligned longitudinal axis of roll or pressed elongate 
sheet metal forms, there is an alternating as a consequence of 
an offset of the arrays of which flange laps with which. 

86. The panel of claim 60 wherein conduit forms pass 
between said arrays. 

87. The panel of claim 86 wherein said conduit forms are 
embedded in said settable material. 

88. The panel of claim 86 wherein conduit forms extend 
between said arrays Substantially perpendicularly and/or 
obliquely to the elongate axis of the sheet metal forms. 

89. The structure, envelope or wall which includes at least 
one composite panel of claim 60. 

90. The formwork of a composite panel of claim 60. 
c c c c c 


