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The vpresent invention relates generally ‘to wall con 
structions, and more particularly to relativelyzthin, :light 
weight surface members used :to‘produce an ornamental 
or decorative ‘?nish ona wall as ‘well as ifOYOlh?l' utili 
tarian purposes. 
A ?at sheet of relatively thin material ‘is not ‘suited 

for these ‘purposes ‘because rthe sheet is ‘too 'limber or 
?exible. It is a matter of common observation :that .a 
piece of ?at sheet metal of any substantial size buckles 
or de?ects in its central portion very easily and so does 
not present a suitable appearance. 

Except for these characteristics, relatively thin ‘sheet 
materials can advantageously be used for many‘purposes. 
For example, they may be used as surfacing on side 
walls or ceilings in buildings, as 'free standing screens, 
or they may be incorporated in radiant vheating elements 
attached to walls. Thinsheet’materia'ls, especially-metal, 
have a relatively high strength, are light ‘in weight and 
may ‘be painted or otherwise ‘?nished in a variety ‘of 
different ways that present a pleasing appearance. ‘Such 
surface members may also be treated or combined with 
a layer of insulating material in such a manner as '10 
provide not only thermal insulation but ‘to render .the 
surface members effective as sound deadening or sound 
insulating members. 

Various substances may be used for such‘thin, .light 
weight surface members, ‘but, :in general, metal is ‘the 
most satisfactory material because "of its relatively-thigh 
strength and durability. It can be polished or ‘painted 
or otherwise attractively ?nished. On the other hand, 
various other sheet materials 'may be'used, :as for exam 
ple synthetic resins, commonly termed “plastics,” espe 
cially those having thermoplastic properties. 

Hence, ‘it becomes a general object of my ‘invention 
to provide a surface member for'wall construction that 
is made of relatively .thin sheet material and is "light 
weight but is su?iciently rigid to :retain 1a given shape 
under its own weight or, light appliedloads. 

It is also an object of my invention to provide a ‘sur 
face member of'the character described which isvsuf? 
ciently versatile'in use that it can ‘be used not ‘only as 
a wall surfacing member directly attached to a wall but 
can be incorporated in heating'elements or the likevwhich 
are subsequently attached to the'walls. 

It is also an object of my invention toprovide a light 
weight surface member made of thin'sheet material that 
can be used by itself, or in combination-with other mate 
rials to insulateagainst sound .and heat. 
The above and other objects vand advantages ofzmy 

invention have been attained by constructing a surface 
member from a sheet which is provided with a plurality 
of indentations or embossmentslin the form of hollow 
polyhedrons with polygonal outer faces ‘that impart .a 
high degree of rigidity to the sheet. The polyhedrons 
are in some cases hollow truncated pyramids of either 
square or triangular cross section. ‘These Iindentations 
are arranged in two groups, one of which extends in 
one direction from a medial surface of the embossed 
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sheet and ‘the other of which extends in the opposite 
direction, the indentations of the two groups being sym 
metrically interspersed between each other. Inclined 
side wall portions of each indentation of one group are 
coplanar with similar side wall portions of the adjacent 
indentation of the other group, so that these coplanar 
side wall portions are substantially ?at surfaces extend 
ing from one side of the sheet member to the other be 
tween the two truncated portions. These coplanar side 
wall portions of adjacent indentations intersect at a com 
mon Ipoint lying in said medial surface of the panel and 
de?ne salient and reentrant angle portions arranged alter 
nately around this common point of intersection. 

In the embossed sheet, the inclined side walls of the 
indentations intersect the medial surface of the sheet 
along a plurality of straight lines which are arranged 
in a plurality of ‘groups. In each .group the lines are 
straight and parallel to each other, and intersect the lines 
of the other group or groups. Along any one .of these 
lines, .the sheet oifers a'minimum resistance to bending, 
and these ‘lines are therefore termed “bend lines?’ By 
bending a portion of the sheet about one of these lines, 
there is "formed a reinforcing element or ?ange which 
reinforces or strengthens the’sheet against bending about 
any-otherrbend lines which intersect the reinforcing ele 
ment. In this way the sheet may be provided with an 
integrally formed reinforcement that adds substantially 
toits‘rigidity. "Such reinforcing elements may be formed 
at one or more of the edges of a sheet, or they may be 
formed in ‘central portions ‘of the sheet removed ‘from 
a'ne'dge. vIn a preferred embodiment, a reinforcing ele 
ment-of angular cross section is formed entirely around 
the :periphery of the sheet to form a ‘tray-like structure 
toawhich may be added heating elements and a layer?of 
insulating material that is held in place by the marginal 
reinforcing‘ element. 
Reference maybe also made to my co-pendingspatent 

application on “Panel Structure,” Serial No. 785,610, 
?led on November 13, 1947, now Patent 2,481,046, 
issued "September 6, 1949, wherein is disclosed more fully 
variousv details of the embossed sheet and I claim-certain 
forms'o’f panels'including an embossed sheet. 
(How the above objects and advantages of my inven 

tion,-as well-as others not particularly referred to herein, 
are attained will be morereadily understood ‘by refer 
ence to the following description and to the annexed 
drawings, in which: 

Fig. 51-18 a fragmentary plan view of a ‘corner of an 
embossed sheet having square indentations, showing the 
sheet as-it appears beforebending; 

‘Fig. .2 is a fragmentary transverse cross section of the 
sheet of Fig. 1, as on line .2—2 of'that ?gure, but show 
ing onemarginal rowof indentations bent up at an edge 
of the sheet, and also showing two sheets overlapping‘at 
their margins; 
"Fig. -3 ‘is a fragmentary section similar to Fig. 2 but 

showing threesuccessive rows of indentations at'the edge 
of asheet .bent at 90° to each other to form a reinforc 
ing column at‘the edge of the sheet; 

-Fig.r4 'is a diagrammatic view of an embossed sheet 
in" cross section showing :two‘successive rows at the edge 
of~a sheet bent relatively thereto, one ‘row ‘being ‘bent 
through 180° ‘and ‘the - other through 90°; 

'Fig. ‘5 :is .a'diagrammatic view of an embossed sheet 
incross‘section illustrating a stiffening web intermediate 
the :sides-of the sheet with two successive rows of indenta 
tions bent at 180° to each other, both rows being bent .at 
90°’t0f?16 general extent of the sheet; 

v-Fig.'.6 is a ‘diagrammatic view ofan embossed sheet in 
cross ‘section showing another manner .of bending "the 
sheet, to reinforce - the marginal portion; 

:Fig. 7 'is, a diagrammatic view of an embossed :sheetin 
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cross section having three successive bends at 90° to each 
other to form a reinforcing column intermediate the sides 
of the sheet; 

Fig. 8 is a fragmentary plan view of an embossed sheet 
with marginal portions bent up at all sides to form a tray 
holding electrical heating elements and thermal insula 
tion; 

Fig. 9 is a fragmentary end elevation of the tray of 
Fig. 8, also illustrating how the tray is held at a corner 
against a structural surface, as wall or ceiling; 

Fig. 10 is a fragmentary horizontal section through 
the engaging sides of two abutting trays showing how 
they nest together; , 

Fig. 11 is a side view, partly in elevation and partly in 
section, of a hanger for attaching the tray of Fig. 8 to a 
wall; 

Fig. 12 is a fragmentary transverse section on line 
12—12 of Fig. 8 but showing how the sides of two similar 
trays nest with each other; 

Fig. 13 is a fragmentary cross section similar to Fig. 
2 of a partially embossed sheet, the marginal portion re 
maining ?at; 

Fig. 14 is a fragmentary plan view of an embossed 
sheet having triangular indentations, showing the sheet as 
it appears before it is bent; 

Fig. 15 is a fragmentary side elevation of a tray formed 
from a sheet embossed with triangular indentations, the 
margins of the sheet being bent in the same manner as 
the tray of Fig. 8; and . 

Fig. 16 is a fragmentary section on line 16-16 of Fig. 
15, but showing how the sides of two similar trays nest 
together. 

Referring now to the drawings, there is shown in Fig. 
1 a portion of a sheet 10 which is formed from a single 
plane sheet by embossing or indenting the sheet with a 
plurality of hollow polyhedral indentations. Sheet mem 
ber 10 has a plurality of square indentations in the form 
of hollow truncated pyramids arranged in two groups ex 
tending in opposite directions from the medial surface of 
the sheet as de?ned below, all of the indentations being 
similarly oriented with respect to directions in planes par 
allel to the medial plane. One group of these indenta 
tions comprises the upwardly extending indentations I1 
that terminate in square outer walls or surfaces 12 which 
de?ne truncated portions of the full pyramids. The other 
group of indentations comprises oppositely or down 
wardly extending indentations I2 that terminate in square 
outer walls or faces 14 which also de?ne truncated por 
tions of the full pyramidal indentations. 

It is contemplated that the embossed sheet will ordi 
narily be made from a ?at sheet by a stamping operation 
in which the two groups of indentations I1 and I2 are 
formed by striking them up and down respectively from 
the ?at sheet. For this reason, but without any limitation 
to this particular method of forming the sheet, it is easy 
to consider the panel as having two groups of polyhedral 
indentations of which one group is at one side of a sur 
face located at the initial position of the original ?at sheet, 
and the other group of indentations lies at the other side 
of such surface. This surface then becomes the medial 
surface 15 of the embossed sheet member, as shown in 
Fig. 2. Walls 12 are uniformly spaced from surface 15 
at one side thereof, and walls 14 are uniformly spaced 
from surface 15 at the other side thereof; and in the 
preferred form of my invention, surfaces 14 and 12 are 
equally spaced from medial surface 15. But my inven 
tion is not necessarily so limited; and for this reason the 
term “medial” as used herein is used in a broad sense to 
include a planar surface either at or near the midpoint 
between outer surfaces 12 and 14. 
The neutral plane of the sheet as shown in Fig. 2 coin 

cides with the medial plane; and both are planes, the 
embossed sheet as a whole being ?at. However, the ulti 
mate shape of the embossed sheet may not always be ?at 
but can be curved or cylindrical, inwhich case the neutral 
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4 
or medial surface is no longer a plane but a curved sur 
face. Hence the expression “medial surface” is used 
herein as being a broader and, in some instances, more 
accurate term than “medial plane.” 
The indentations of each group I1 and I2 are congruent 

or the same size and shape, and are symmetrically inter 
spersed between indentations of the other group. In a 
preferred form of embossed sheet illustrated herein, in 
which the medial surface 15 coincides with the neutral 
surface, indentations I1 are of the same size and shape as 
indentations 12, that is, all the indentations of the sheet 
are congruent. Each indentation has four inclined side 
walls 16 which extend divergently away from the sides 
of outer wall portions 12 and 14 to medial surface 15. 
Square surfaces 12 are connected with square surfaces 14 
by the sloping side wall portions 16 of the pyramidal in 
dentations; and since each pyramidal indentation of one 
group has its sidewalls coplanar with the side wall por 
tion of each adjacent indentation of the other group, side 
wall portions 16 are substantially ?at and continuous 
planes which extend from one side of the sheet to the 
other between the two sets of square surfaces 12 and 14. 
The continuous character of these flat coplanar side walls 
16 is illustrated clearly when the sheet is viewed in sec— 
tion, as in Fig. 2. 
The coplanar side walls of adjacent rectangular 

pyramids intersect at a common point 18 substantially 
at medial surface 15. Two adjacent indentations of 
either group have a total of four walls which meet 
at this common point 18. All the meeting walls around 
this intersection de?ne a total of four angle portions, 
two salient and two reentrant. Two salient angles 19 
alternate with two reentrant angles 20 so that these 
four angle portions are alternately arranged around point 
18. Salient angles 19 are located above medial plane 
15, while reentrant angles 20 are located below the 
medial plane. Two salient angles are aligned with 
each other across point 18, as are also two reentrant 
angles. 

Certain dimensions or proportions are preferred in 
embossing sheet 10 because they lead to the most favor 
able results, as explained in greater detail in my co 
pending application referred to above. The acute angle 
A which sides 16 of the indentations make with the 
medial plane 15 is uniform and preferably greater than 
30°, the exact angle chosen being dependent to some 
extent upon the type of material used and the purpose 
or loading for which the panel is intended. In the draw 
ings, I show the inclined sides 16 of the indentations 
making an angle A with the medial plane of approxi 
mately 45°. When this angle is increased to more than 
30°, or is in the vicinity of 45°, the increase in strength 
and rigidity of the embossed sheet is substantial and 
approaches a maximum, all conditions being considered. 
Of course, angle A is the same at both sides of the 
sheet. 

Other dimensions or proportions which have been 
found to give improved results are the thickness t of the 
sheet, the thickness of the embossed panel T, the spacing 
L between identations, and their ‘relative values. The 
dimension T is the overall thickness of the embossed 
sheet, or the distance between outer surfaces 12 and 14 
measured in a direction perpendicular to the medial 
plane, as shown in Fig. 3. The dimension L is de?ned 
as the shortest center-to-center distance between two ad 
joining and oppositely disposed square indentations, 
measured parallel to medial plane 15, as indicated in Fig. 
1. The dimension L can be taken in either of two 
directions at right angles to each other, as shown in 
Fig. 1. When the embossments I1 and 12 are square, 
L is the same measured in either direction; but if the 
embossments are elongated rectangles, then the distance 

For 
purposes of computing the ratios hereinafter mentioned, 
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the shorter of .the two distances L is used, as discussed 
in. greater detailin my co-pending application. 

Ordinarily embossed sheet 10 will be made from a 
relatively thin sheet, especially when the material is 
metal, the thickness being determined by the material 
used an the loading to which the panel will be subjected. 
Typically, the original thickness of the sheet may range 
from a few thousandths of an inch to several hundredths; 
although a considerably greater thickness may be used 
in the case of cast or molded members. For a given 
thickness t, the ratio of the distance L both to the 
sheet thickness t and the panel thickness T should pref 
erably lie within certain ranges. Satisfactory results 
have been obtained within a range of 15:1 to 100:1 for 
the ratio of L/t, while for the ratio of T/t a range of 
4:1 to 50:1 gives satisfactory results. An undue increase 
in the spacing between successive indentations results 
in an undue weakening of the strength and rigidity of 
the embossed sheet, so that the ratio L/ T should not 
exceeda value of 30:1. 

In .an embossed sheet having square or rectangular 
indentations of the character shown in Fig. l, the sloping 
sides of indentations I1 meet the coplander sides of the 
other group of indentations I2 along straight lines which 
lie in or at medial plane 15. These lines of inter 
section of the inclined side walls with the medial plane, 
because of the shape of the indentations are in two 
groups disposed at right angles to each other, the lines 
in each group being parallel to one aonther. Lines in 
each group have been indicated in Fig. 1 by the letter 
H or the letter V with subscripts to denote individual 
lines. Lines H are spaced apart equally by a distance 
equal to the center-to-center spacing between surfaces 
12 and 14. Lines V are equally spaced, as long as the 
indentations are of a square pattern. If a pattern of 
elongated rectangles is used, the spacing between lines 
H is different than the spacing between lines V. Since 
the body or substance of the sheet along these lines is 
at the medial plane, it offers a minimum resistance to 
bending about these ‘lines, and lines H and V are referred 
to as the natural “bend lines” of the sheet. At all other 

positions, the material of the sheet is removed to greater or lesser extent from the medial plane so that 

a correspondingly greater resistance is offered to bending. 
Advantage may be taken of this fact to deliberately 

bend the sheet along one or more bend lines in varying 
combinations, as will be explained, in order to obtain 
a bent-up portion of the sheet which constitutes an 
integral reinforcing ?ange or element. There is shown 
in Fig. 2 a reinforcement formed by bending one row 
of- indentations about the line V1, the row being bent to 
a position at 90° with respect to the remainder of the 
sheet. The bent-up row of indentations forms a ?ange 
or element 21 which reinforces the sheet proper against 
any bending along any bend lines H, perpendicular 
thereto, which intersect the ?ange thus formed. This 
is a very elementary formation and involves bending a 
portion of the sheet along only one edge. It may be 
desirable to bend a similar portion of the sheet along a 
plurality of edges, as, for example, along each of two 
opposed, parallel edges, particularly if a sheet is to be 
used alone. But where a sheet is to be used in con 
junction with adjoining sheets, as shown in Fig. 2, the 
parallel edge of the sheet opposite to the one at which 
?ange 21 is located, can be overlapped one or more rows 
of indentations with the adjoining sheet 10a to the right, 
as illustrated in Fig. 2. Thus the reinforcing portion 21 
of adjoining sheet 10a forms a ?ange which also re 
inforces the overlapping sheet 10 when the two sheets 
are fastened together. They may be secured by any 
suitable means, such as metal screws, nuts and bolts, 
spot welding, nails, adhesives, or other suitable means 
according to the material used for the sheet. One 
example of the use to which a panel of this character 
can‘beput, is 'a free standing screen in which the screen 
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6 
is composed of a plurality of individual panels 10 which 
extend substantially vertically and overlap each other 
as illustrated in Fig. 2, the upturned ?anges being verti 
cally extending and formed by bending along vertical 
bend lines. 

If it is desired to add to the action of the reinforcing 
element at the edge of the sheet, this may be accomplished 
by making additional bends in any one of a number of 
ways. One such way is shown diagrammatically in Fig. 
4. The initial row of indentations are bent along the line 
Vi through an angle of 180°. The two rows are then bent 
together through an angle of 90° along the bend line V2 
producing an upstanding reinforcing ?ange 21a of double 
thickness. In case it is desired to secure still greater stiff 
ening along the edge of a sheet and at the same time pro 
duce an ornamental effect, a hollow reinforcing column 
may be formed as shown in Fig. 3. This involves mak 
ing three successive 90° bends along the bend lines V1, 
V2, and V3. The result is a hollow four-sided column 21b 
constituting a reinforcing element located along the edge 
of the sheet. 

In order to simplify the drawings and description, these 
?gures illustrate the treatment at only one edge of a sheet; 
but it will be understood without further disclosure how 
1a sheet may be similarly treated at each of two parallel 
edges, or two intersecting edges. In the latter case, it is 
necessary to notch or cut away a portion at the corner 
of the sheet, according to the type of edge treatment used. 
Examples of notching will be disclosed in connection with 
a later described form of the invention. 

Formation of at least two reinforcing elements disposed 
at right angles to each other provides reinforcementacross 
rall bend lines; and it produces a surface element that can 
be self-supporting as a cantilever. 

It is not necessary to limit the location of the bent 
portion of the sheet to an edge or a marginal portion. A 
reinforcing ?ange can be located at any point intermediate 
two sides of a sheet, as shown in Figs. 5 and 7. In Fig. 5 
there is illustrated ‘a single thin ?ange 210 of double thick 
ness formed by three separate bends. This may be done, 
for example, by ?rst bending the sheet 180° along an inter 
mediate bend line, as bend line V2. Bends in opposite 
directions of 90° each are then made in succession about 
parallel bend lines, as lines V1 and V3, bringing the sec 
tions of the sheet at either side of the ?ange into alignment 
with each other. 

Fig. 7 illustrates the formation of a three-sided column 
21d of rectangular outline intermediate the sides of a 
sheet, four bends being used in this case. All bends are 
of 90° each, the two interior bends being in the same di 
rection relative to each other While the two external bends 
are opposite to the direction of the interior bends. 

Fig. 6 illustrates a combination treatment in which 
the bends are near the edge of the sheet, but the ?ange 21a 
is located inwardly of the edge of the sheet. The bendof 
Fig. 6 is shown at the right-hand edge of the sheet, but 
the corresponding bend at the left-hand edge of the sheet 
is accomplished by making a 180° bend along the line V2 
and then a bend of 90° in the opposite direction along the 
line V1 to produce an upstanding ?ange of equal thick 
ness. This has the advantage that the resultant edge of 
the sheet is a straight line and permits the sheet to bu 
against a smooth surface. 

All the foregoing description has been based on the 
assumption that the bends are made at succeeding ‘natural 
bend lines so that the ?anges or reinforcing elements 
formed have a dimension in any direction of a single vrow 
of indentations; but it will be realized that the dimensions 
may be made larger by any whole number of rows of in 
dentations. This may be done veither for decorative effect 
or in order to produce a reinforcement of greater strength. 
It will be appreciated from Fig. 1, that the larger ?anges 
result if the bends are made about lines V1, V2 and ‘V3 
spaced apart by two rows of indentations, or a distance 
2L, rather than by one row of indentations, or a distance L 
as shown in Fig. 1. 
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The present invention is concerned primarily with 
sheets which are used as surface elements for wall con 
structions in order to give a decorative ?nish treatment 
to the wall. They may be attached to the vertical side 
walls ofa room, or to 'a horizontal wall, as the ceiling of 
a room. Under these circumstances, light weight and 
dimensional stability are extremely important. The sheets 
need to have 1a substantial degree of strength and rigidity 
so that they do not buckle or ?ex under their own weight 
or under light applied loads. A thin metal sheet embossed 
in the manner described has considerable inherent rigidity 
and strength; but when the sheet is made into large panels, 
such 'as 4’ x 6', it is desirable to add some reinforcing to 
the sheet, especially in order to reinforce the sheet against 
forces which tend to deform it along the bend lines. One 
method of reinforcing a sheet is shown in my co-pending 
application Serial No. 785,610, ?led on November 13, 
1946, now Patent 2,481,046, issued September 6, 1949, 
which comprises the addition of a surface sheet to an em 

This is highly satisfactory when com 
bination of two sheets is used as a structural member and 
is'subjected to externally applied loads of greater magni 
tude. But for a simple surface element on a wall the ad 
dition of a second sheet to the embossed ‘core sheet adds 
unnecessary weight and makes the resultant structure un 
necessarily costly. 
An advantageous method of reinforcing the sheet is to 

bend 1a portion of the sheet itself at one or more edges or 
at an intermediate position in the sheet in the manner de 
scribed. This bending forms an integral reinforcing ele 
ment or elements that reinforce the sheet across natural 
bend lines, and utilize to the fullest extent the inherent 
rigidity of the sheet itself. At the same time nothing is 
added to the weight of the sheet so that the completed 
decorative panel has a minimum weight and ‘a maximum 
rigidity for that mass. 
As compared with a ?at, unembossed sheet of metal or 

similar material, bending up a portion of the embossed 
sheet to form a reinforcing ?ange has two marked advan 
tages which produce new and unexpected results. In the 
?rst place, advantage can be taken of the natural bend 
lines in the sheet to make one or more bends very easily 
at a de?nite location and dimension without the aid of any 
special or expensive tools. When a ?ange is formed 
from an embossed portion of the sheet, the ?ange is em 
bossed and stiffened in the same manner as the sheet so 
that the ?ange is more effective as a reinforcing member 
than a ?at, smooth member having the same weight of 
material in it. This eliminates the need for any brackets 
or ties holding the upturned flange in position, because 
the ?ange has such inherent rigidity that it does not de?ect 
or become less ef?cient within the range of loading nor 
mally applied to the main portion of the sheet. 
As explained before, the sheet after embossment is rela 

tively stiff and rigid, but has a minimum resistance to 
bending along naturally formed lines. In an embossed 
sheet having an integral ?ange as described, wherein one 
set of lines is parallel to the ?ange, and the other set is per 
pendicular to and intersects the ?ange, the flange provides 
a resistance to bending about the latter set of bend lines. 
This still leaves the original minimum resistance to bend 
ing the sheet along the ?rst set of bend lines; and this re 
sistance may likewise be greatly increased by forming a 
second ?ange, at right angles to the ?rst ?ange, reinforcing 
the sheet in the other direction. A still further reinforce 
ment is obtained by making additional ?anges at the re 
maining one or two sides of the sheet. In the case of a 
?at unembossed sheet, there is very little inherent stiffness 
in any direction and the effect of a ?ange turned up along 
one edge to resist deformation is of very limited extent. 
Thus, a large ?at sheet, even though ?anged at all four 
edges, buckles and de?ects considerably at the center 
under no load but the weight of the sheet itself. By add 
ing a ?ange to an embossed sheet, the stabilizing or re 
straining effect of the ?ange is carried outinto the sheet 
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far beyond the limits possible with a ?at, unembossed 
sheet. Consequently, the result of turning up a portion 
of an embossed sheet as a reinforcing member is to add 
rigidity or dimensional stability to the sheet over a far 
greater area than has heretofore been possible; and this 
is true whether or not the bent up portion of the sheet 
forming the reinforcing ?ange is itself embossed or not. 

In addition to the foregoing advantages of this con 
struction, using an embossed portion of a sheet for a rein 
forcing ?ange has the additional advantage, as will be 
apparent from subsequent description, of forming side 
faces at the edge of the sheet that can be nested together 
in a manner which prevents lateral displacement of ad-_ 
joining sheets. This is particularly true with the trays 
illustrated in Figs. 8, 9 and 10. ' ' ‘ 
A specific application of the embossed sheet with‘ 

turned up edges is illustrated in Figs. 8, 9 and 10 in which 
the sheet 16 is used to form a tray-like surface member 22 
that has all four edges channel-shaped after forming the 
reinforcements. These are the result of making two suc 
cessive bends of 90° each along the bend lines V1 and V2, 
and the corresponding bend lines on the opposite 
parallel side of the sheet, and making similar bends of 90° 
each along the bend lines H1 and H2 and the correspond 
ing bend lines at the other parallel side of the sheet. 
Thus the tray has a side face the height of one row of in 
dentations which is returned along each of the four sides 
for an equal distance. Since it is undesirable to overlap 
the bent-up ?anges, the corners of the sheet are notched 
before bending. One simple treatment is to cut off the 
corner along the diagonal line D—D of Fig. 1. When 
the sides are bent up, the resultant corner is as shown at 
the lower left corner in Fig. 8. An alternative method 
of notching the corner is to out along several bend lines in 
a stepped formation, as along the lines H2——V2—H1-—Vs. 
When bent up, the completed corner appears as shown in 
the lower right-hand corner in Fig. 8. The former treat 
ment of the corner is more economical and is used for 
interior corners of the tray where other trays abut; while 
the latter type of treatment is used where the ?nished 
corner is an exterior corner and it is therefore desired to 
completely close the sides of the tray, not only to enclose 
the contents, but to improve the external appearance of 
the completed product. 
The same reference numerals are used in Fig. 8 to indi 

cate the various portions of the indentations as are used 
in Fig. l; but confusion from viewing the drawing will 
be eliminated if it is noted that along the marginal por 
tions of the tray, the upper surface is the former under 
surface of the main portion of sheet 10, and the numerals 
have been applied assuming the sheet to be viewed in 
the same aspect as in Fig. 1 with the marginal reinforcing 
portions turned up and back over the sheet. 

Panels constructed as described have been made in 
sizes up to 4' X 6' and used as decorative surface treat 
ment for walls. However, advantage may be taken of 
the tray-like formation of the panels to give them sound 
and thermal insulating characteristics and also to utilize 
them as radiant heating elements. For this latter pur 
pose, a bracket member 24 of electrically non-conducting 
material is mounted in the panel at each of two opposite 
sides. Bracket 24- is preferably angle-shaped so that it 
can be attached to the upwardly turned sides of tray mem 
ber 22 by bolts 25 or other suitable means. This holds 
the bracket in place. 
Mounted at intervals along each braket 24 are spools 

26 each fastened to the bracket by a bolt 27. Spools 26 
are preferably made of ceramic or other electrically non 
conducting material. Extending between spools at oppo 
site sides of the tray, is a length of resistance wire 30 
which serves as the electric heating element of the panel. 
Wire 30 is covered with a high-temperature resistant, non 
conductive coating so that the bare wire does not touch 
the panel at any place. Heating element 30 may be ar-' 
ranged in any fashion desired, and is here shown as being 
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stretched between spools 26 at opposite. sides. of. the .tray 
in a-zig-zag fashion. .The arrangement of this wire de 
pends somewhat upon the length of wire for a panel, and 
this in turn is determined by the heat or energy output, 
measured in watts, per unit area of sheet surface that is 
desired. For any given length of wire 30, it is distributed 
over the total area of the panel in such a manner that 
heating is reasonably uniform. 

After the heating element and its mounting brackets 24 
are in place on the top face of the sheet, the whole upper 
face of the panel is then covered with a layer of insula 
tion, the heating element being between the sheet and 
theinsulating layer. As typical of such materials that 
areparticularly suited for this purpose, but without any 
necessary limitation thereto, there may be mentioned min 
eral wool and spun glass. Layer 32 of insulation may be 
of any desired thickness, but is preferably of a thickness 
.equal to the spacing between'rows of indentations which 
is the height‘ of the marginal ?ange. If desired, the ?nal 
bend along lines H1. and V1, forming the return portion . 
of the reinforcing channel at the edge, may be made after 
the heating element and the insulation are in place. Finally 
.the marginal row of indentations is bent down over the 
insulation and serves to hold the insulation in place as it 
is parallel to but spaced from the upper face of the sheet. 
Apanel constructed as just described can operate as 

a radiant heating element when placed on a wall or ceil 
ing of a room. The layer of insulation 32 forms in a 
barrier to the passage of heat from heating element 30 in a 
direction rearwardly of the panel and toward the wall on 
which it is mounted, so that substantially all of the heat 
isradiated outwardly from the front side of the panel. 
.Obviously, for this purpose embossed sheet 10 should 
be made of a thermally conductive material, such as metal. 

It is :possible to add to the panel a high degree of 
acoustic treatment by perforating ‘the'front side of the 
panel to agreater or lesser extent. For this purpose, 
there is shown in Fig. 8 openings 33 which are located in 
embossed surfaces 14. As the sheet isviewed in Fig. 8, 
surfaces 14 are in the downwardly disposed group of 
indentations I2, and are consequently usually spaced 
somewhat from the layer of insulation 32. The result 
of: these openings 33 is to create on the face of the panel 
a plurality of small sound absorbent areas. The‘presence 
of these areas, coupled with'the' fact that normally about 
three-fourths of the total frontal area of the'panel is com 
posed of inclined surfaces 16, prevents sound waves from 
being re?ected as a unit from the face of the panel, even 
though the panel is of ‘metal, or other hard, dense material 
which is itself sound-re?ective. The inclined surfaces 16 
serve to diffuse or break up the sound waves upon're?ec 
tion, while openings 33 absorb them; and the result is a 
very high degree of sound insulation. Insulation layer 32 
contributes to this because it absorbs‘or diffuses the sound 
waves after they pass through openings 33 from‘the outer 
side of the panel. These waves are trapped and do not 
leave the openings. 

:The complete tray or panel 22 may be used as a surface 
element for walls of various types, and the means for 
attaching the tray to the wallmay be varied to suit condi 
tions. 

-.If a'plurality of trays are used, the adjacent vcorners 
of two or more trays may be held in place by special 
hangers, one type of which is shown in Figs. 9 and 11. 
Hanger 34 consists of a square plate with the central 
portion ‘domed as at 34a and ‘punched at 35 so' that a bolt 
or screw 36 can pass through the opening 35 to fasten 
the hanger to a rafter, stud, or other-structural member in 
a wall, the surface of which is indicated in Fig. 9 at 37. 
As'shown in the ?gure, the outermost surfaces of the in 
dentations in the marginal‘?ange thus bear against the 
wall to position the tray or panel 22 withrespect thereto. 

In order to receive a hanger 34, the two upturned 
?anges 'are'notched or slotted inwardly‘from the vcorner 
as at 39 in Fig. 9. The width 'of’the slot is equal‘to'the 
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thickness of the plate portion of hanger 34, and the length 
corresponds to the distance from the domed portion 34a 
of the hanger to its outer edge. Slots 39 at the corner 
extend at right angles to each other and the general length 
of each is parallel to the bend lines about which the asso 
ciated reinforcing ?ange is bent. A hanger of the type 
shown is adapted to engage and hold as many as four 
trays meeting at a common point. 
When two or more panels are used in abutting relation, 

they are mutually supporting. This condition is shown in 
Fig. 10 which shows the adjoining and abutting sides of 
two trays 22 and 22a in cross section. The indentations 
Ii of one tray nest with the indentations I2 of the other 
tray; and since each indentation consists of a ?at square 
surface 12 or 14 surrounded by four sloping surfaces 16, 
the nesting action of the two sets of indentations I1 and I2 
on two trays holds the trays against lateral or shearing 
displacement relative to each other as long as the inden 
tations are held in a ?rmly nested position. Fig. 12. is 
another sectional view through the engaging side ?anges 
of two trays, taken at right angles to the section of Fig. 
10. From these two views, ‘the interlocking nature of 
the indentations at the sides of the two trays is'readily 
apparent. The embossed nature of the turned-up rein 
forcing ?ange on each tray 22 and 22a not only causes 
the trays mutually to resist lateral displacement with re 
spect to each other, but also aligns the two trays with 
each other and closes the gap between them without resort 
to any extraneous fastening means. 

I have shown in Fig. 13 a modi?ed form of my inven 
tion in which a marginal portion of the original sheet has 
been left unembossed. The main portion of sheet 10 
has been embossed in the mannerdescribed above, While 
the'smooth, ?at marginal portion is indicated at 10a in 
dot-dash lines in its original position. Since the indenta 
tions 11 and I2 have been struck respectively upwardly 
and downwardly from the position of the original sheet, 
the marginal portion 10a lies at the medial plane of the 
sheet. In order to secure a reinforcing action in the 
manner and for the purposes described above, I may 
make one, but preferably two, 90° bends in the portion 
10a to produce a bent-up portion of the sheet which acts 
as a reinforcing element. This sheet is shown in Fig. 13 
with two 90° bends, resulting in the reinforcing ?ange 1012. 

Referring now to Figs. 14, 15 and 16, there is shown 
a portion of a sheet 44B which has a plurality of triangular 
indentations in the form of hollow truncated triangular 
pyramids arranged in two groups. The two groups extend 
in opposite directions from the medial surface 45 of the 
sheet, all of the indentations being similarly oriented with 
respect to directions in planes parallel to the medial plane. 
One group of these indentations comprises the upwardly 
extending indentations Is that terminate in triangular outer 
walls or surfaces 42 which define truncated portions of 
the full pyramids. The other group of indentations com 
prises the oppositely or downwardly extending indenta 
tions I4 that terminate in triangular outer walls or sur 
faces 44 which also de?ne truncated portions of the full 
pyramidal indentations. 
With this form-of em'bossment also, the medial plane 

at 45 may be assumed to indicate the position of the 
original flat sheet from which the embossed sheet 4-9 is 
made. As in the case of the embossed sheet ?rst de 
scribed, outer wall portions42 are uniformly spaced from 
the medial surface at one side thereof, and the other outer 
Wall portions 44 are likewise uniformly spaced from the 
medial surface at the other side thereof. in the preferred 
form of embossed sheet illustrated in 14 to 16, in 
clusive, surfaces 42 and 44 are equally spaced from the 
medial surface. 
The indentations of each group I3 and I4 are congruent 

or of the same size and shape, and are symmetrically 
interspaced between indentations of the other group. In 
the preferred form ofvmy invention herein illustrated, in 
which the medial surface 45 coincides with the neutral 
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surface of ‘the sheet, indentations I3 are of the same size 
and shape as the identations I4, that is, all the identations 
of the sheet are congruent. Each identation has three 
inclined side walls 46; and triangular surfaces 42 are 
connected with triangular surfaces 44 by these sloping 
side wall portions which extend divergently away from 
the three sides of outer faces 42 and 44. Since each 
indentation of one group has its side walls coplanar with 
the side wall portions of each adjacent indentation of the 
other group, these two coplanar side wall portions are 
substantially ?at in continuing planes which extend from 
one side of the sheet to the other between triangular sur 
faces 42 and 44. The continuous character of these ?at 
coplanar side walls 46 may be seen when the embossed 
sheet is viewed in plan, as in Fig. 14, but as also clearly 
evident when the sheet is seen in section as in Fig. 16. 
The coplanar side walls of adjacent pyramids intersect 

at a common point 48 substantially at the medial surface 
45. The formation of the panel at and around this point 
of intersection 48 is discussed in greater detail in my 
companion application Serial No. 785,610 ?led on Novem 
ber 13, 1946, now Patent 2,481,046, issued September 6, 
1949, referred to above, ‘but it will be seen that the inter 
section of six inclined walls 46 at a single point 48 de?nes 
a total of six angle portions, three of which are salient 
and three reentrant. Three salient angle portions 49 
alternate with three reentrant angles 50 so that the six 
angle portions are alternately arranged around the com 
mon point of intersection 48. All three salient angles 
49 are located above the medial plane, while the re 
entrant angles 50 are located below the medial plane. 
The range of dimensions or proportions previously 

mentioned as preferred, also apply to the triangular form 
of indentation in order to attain the most favorable re 
sults. The dimension L is always taken as the shortest 
distance between the centers of two adjoining and op 
positely disposed triangular indentations, measured along 
a line lying in a plane parallel to the medial plane, as 
shown in Fig. 14. The dimensions T and t are measured 
as before, as shown in Fig. 16. 

Triangular surfaces 42 and 44 are equilateral triangles, 
and there are six inclined side walls 46 intersecting at 
each point 48, the inclined side walls being equi-angularly 
spaced about the point of intersection. This condition 
produces three sets of lines along which the inclined sides 
46 intersect the medial plane, these lines of intersection 
being natural bend lines along which the body of the 
sheet is at the medial plane and so has a minimum re 
sistance to bending. The ‘bend lines of each group are 
parallel to each other and intersect the other two groups 
at 60°. The three groups of bend lines have been indi 
cated in Fig. 14 by the letters X, Y and Z respectively, 
with subscripts to indicate individual lines in each group. 
As before, advantage may be taken of the presence of 
these bend lines to bend the sheet deliberately about one 
or more bend lines to produce one or more bent portions 
of the sheet which constitute integral reinforcing elements. 

Without going into a detailed description thereof, it 
will be evident from the drawings and the previous de 
scription, that sheet 40 can be bent along any one line of 
three sets of bend lines to produce a bent-up portion along 
one edge, similar to the construction shown in Fig. 2; and 
that this bent-up portion along the edge may be further 
reinforced as in Figs. 3 or 4. Likewise, ‘bent stiffening 
portions may be placed in the sheet at a location removed 
from one edge by a plurality of successive bends in the 
manner of Figs. 5, 6 and 7. 

it is of course possible to bend portions of sheet 40 
about more than one line or along more than one edge of 
the sheet. if bends are made along two parallel bend 
lines of each of the three sets of lines X, Y and Z the 
result is a triangular tray-shaped panel. with a channel 
shaped edge around its three sides. The reinforcing ?ange 
is shaped similar to the reinforcing ?ange of the tray 
illustrated in Fig. 8, and has a portion disposed angularly 
relative to the sheet and another portion parallel to but 
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spaced from the sheet. A side view of such a tray is 
shown in Fig. 15, the side of the reinforcing ?ange being 
shown in elevation. Although the basic shape of a sur 
face member made from a sheet with triangular indenta 
tions is an equilateral triangle, a tray may be made hav 
ing a shape corresponding to a multiple of such equilateral 
triangles, for example a diamond, a parallelogram, or a 
hexagon. For example, starting with a triangular sheet 
as shown in Fig. 14 and retaining the lower and left hand 
edges, a diamond-shaped tray is formed by cutting away 
excess material and then bending a reinforcing ?ange to 
form two edges of the tray along lines X3 and Y3 or any 
other two similar bend lines that are parallel to and equi 
distant from the lower and left hand edges respectively. 
If these same two new lines or sides are not each equi 
distant from the present lower and left edges respectively, 
as lines X2 and Y4, the tray produced is a parallelogram. 
A hexagon shape may be obtained by bending reinforcing 
?anges to form the side sides of the tray along lines Z6, 
Y0, X4, Z4, Y4, and the present ‘bottom edge. 
A triangular tray made from the embossed sheet 40 

may be used by itself for surface treatment of a wall to 
obtain a decorative effect or, it may have electrical heating 
elements and insulation added to it in the manner de 
scribed above in connection with Fig. 8, to produce a 
panel which also may be used as a radiant heating element 
and has thermal insulation characteristics. By the addi 
tion of openings in surfaces 44, corresponding to openings 
33 in sheet 10a, there may be produced a panel with 
sound insulating characteristics; and these may be in addi 
tion to the heating and thermal insulation properties. 

Trays or panels formed with angular reinforcing ele 
ments along the edges may be used singly or in conjunc 
tion with other similar panels, in the manner previously 
described. It will be seen from Fig. 16 that panel 40 may 
be used in conjunction with a second panel 40a, also 
having triangular indentations, in such a manner that the 
edges of the panels nest together and mutually resist 
‘relative lateral or shearing displacement. When indenta~ 
tions is of one panel engage and nest with indentations 
I4 of the other panel, because the indentations have three 
sloping sides in engagement, they hold the panels together 
to resist all forces in a plane generally parallel to the 
side of the tray. 
When portions of the sheet are bent along two or more 

intersecting lines, so that the bent-up portions intersect 
at the corners of the sheet, it is necessary to cut away or 
notch the corner in any suitable manner that eliminates 
interference between the bent-up reinforcing portions. 

I claim: 
1. A surface member for wall construction comprising 

a relatively dense thin rigid sheet member provided over 
an extended area with a plurality of hollow polyhedral 
indentations extending in opposite directions from a me 
dial surface of said sheet member, said indentations com 
prising one group of similarly oriented congruent inden 
tations having polygonal outer wall portions located in 
uniformly spaced relation to and at one side of such 
medial surface and a second group of similarly oriented 
congruent indentations having polygonal outer wall por 
tions located in uniformly spaced relation to and at the 
other side of such medial surface, each indentation hav 
ing a plurality of inclined substantially planar side wall 
portions extending divergently from the respective sides 
of its outer wall portion to said medial surface and each 
such inclined side wall portion of each indentation of 
one group being coplanar with a similar side wall portion 
of an a ljacent indentation of the other group to de?ne a 
substantially ?at plane extending between polygonal outer 
wall portions of adjacent oppositely oriented indentations, 
and side wall portions of a set of adjacent indentations 
of each group meeting at a common point substantially 
at said medial surface, the inclined side wall portions of 
said indentations intersecting said medial surface along 
a plurality of straight lines about which the sheet has a 
minimum resistance to bending, and a reinforcing ?ange 
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extending transversely to “said medial .surface .and .at 
“tached' to‘ the‘ indented" area'of the ‘sheet along one .of . said 
lines, whereby the‘sheet'is'reinforcedagainst bendingabout 
"any of said'lines'intersecting said reinforcingi‘?ange and 
is stiffenedTfor'a' substantial'distance. away from the‘ ‘rein- . 
‘forcing ‘?ange. 

'2. A surface‘member‘as in claim 1 in which'zthe ‘re 
inforcing’?ange is‘indented similarly‘toi'and in extension 
of 'the indented" area of the sheet. 
‘3. 'Atsurface"member as in claim‘ 2'in which the rein 

forcing‘ ?ange ‘comprises ‘a " plurality ‘of ' similar ‘sections 
integrally connected together along one or more parallel 
straight lines similar to said straight lines of the sheet 
and parallel to said one straight line along which the 
reinforcing ?ange is attached to the sheet. 

4. A surface member as in claim 1 in which the sheet 
has two integral reinforcing ?anges disposed at an angle 
to each other and connected to the indented area of the 
sheet along two intersecting ones of said lines. 

5. A surface member for wall construction compris 
ing a relatively dense thin rigid sheet member provided 
over an extended area with a plurality of hollow poly 
hedral indentations extending in opposite directions from 
a medial surface of said sheet member, said indentations 
comprising one group of similarly oriented congruent in 
dentations having polygonal outer wall portions located 
in uniformly spaced relation to and at one side of such 
medial surface and a second group of similarly oriented 
congruent indentations having polygonal outer wall por 
tions located in uniformly spaced relation to and at the 
other side of such medial surface, each indentation hav 
ing a plurality of inclined substantially planar side wall 
portions extending divergently from the respective sides 
of its outer wall portion to said medial surface and each 
such inclined side wall portion of each indentation of one 
group being coplanar with a similar side wall portion of 
an adjacent indentation of the other group to de?ne a sub 
stantially ?at plane extending between polygonal outer 
Wall portions of adjacent oppositely oriented indentations, 
and side wall portions of a set of adjacent indentations 
of each group meeting at a common point substantially 
at said medial surface, the inclined side wall portions of 
said indentations intersecting said medial surface along a 
plurality of straight lines about which the sheet has a 
minimum resistance to bending, and a reinforcing ?ange 
integrally joined to the sheet along one of said lines and 
disposed at substantially a right angle relative thereto 
whereby the sheet is reinforced against bending about any 
of said lines intersecting said reinforcing ?ange and is stiff 
ened for a substantial distance away from the reinforc 
ing ?ange. 

6. A tray-shaped surface member for wall construc 
tion comprising a relatively dense thin rigid sheet mem 
ber provided over an extended area with a plurality of 
hollow polyhedral indentations extending in opposite di 
rections from a medial surface of said sheet member, said 
indentations comprising one group of similarly oriented 
congruent indentations having polygonal outer wall por 
tions located in uniformly spaced relation to and at one 
side of such medial surface and a second group of simi 
larly oriented congruent indentations having polygonal 
outer wall portions located in uniformly spaced relation 
to and at the other side of such medial surface, each in 
dentation having a plurality of inclined substantially 
planar side wall portions extending divergently from the 
respective sides of its outer wall portion to said medial 
surface and each such inclined side wall portion of each 
indentation of one group being coplanar with a similar 
side wall portion of an adjacent indentation of the other 
group to de?ne a substantially ?at plane extending be 
tween polygonal outer wall portions of adjacent oppo 
sitely oriented indentations, and side wall portions of a 
set of adjacent indentations of each group meeting at a 
common point substantially at said medial surface, the 
inclined side wall portions of said indentations intersect 
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ing said medialsurface along .a.;-plurality. of straight lines 
about which"'the sheet has a minimum'resistance to bend 

1=ing, and Ya *reinforcingw?angeat each'e'dge of‘ ‘ther'sheet 
tcompri'singian integral-portion of‘ the I'sheet, each ‘rein 
"forcing ?ange comprisinga-sec-t-ion' disposed at an-angle 
*to-lsaidl medial surface’ of‘ the» sheet" and connected‘ to‘ the 
:in'dente'd= area of-the-‘sheet-along oneof said '\ lines'and 
‘a-‘secorid isimilar .section- integrally ‘ connected vto the F?rst 
"sectionlandf‘disposed at an-angle thereto but generally 
“parallel to'andspaced from onerface'of the ‘sheet. 

17. A‘ tray-like -surface~member#as in claim~ 6 having 
openings in one group of outer wall portions of the sheet, 
and additionally comprising a layer of sound absorbing 
material covering said one face of the sheet and engaging 
the other group of outer wall portions of the sheet where 
by the layer of sound absorbing material is spaced from 
said openings. 

8. A surface member for wall construction comprising 
a relatively dense thin rigid sheet member provided over 
an extended area with a plurality of hollow polyhedral 
indentations extending in opposite directions from a 
medial surface of said sheet member, said indentations 
comprising one group of similarly oriented congruent 
indentations having polygonal outer wall portions lo 
cated in uniformly spaced relation to and at one side of 
such medial surface and a second group of similarly 
oriented congruent indentations having polygonal outer 
wall portions located in uniformly spaced relation to and 
at the other side of such medial surface, each indentation 
having a plurality of inclined substantially planar side wall 
portions extending divergently from the respective sides 
of its outer wall portion to said medial surface and each 
such inclined side wall portion of each indentation of one 
group being co-planar with a similar side Wall portion 
of an adjacent indentation of the other group to define a 
substantially ?at plane extending between polygonal outer 
wall portions of adjacent oppositely oriented indentations, 
and side wall portions of a set of adjacent indentations of 
each group meeting at a common point substantially at 
said medial surface, the inclined side wall portions of said 
indentations intersecting said medial surface along a plu 
rality of straight lines about which the sheet has a mini 
mum resistance to bending; a reinforcing ?ange extend 
ing parallel to one set of said straight lines in restraining 
engagement with the sheet along one margin of the in 
dented area to restrain the sheet at the location of such 
engagement against bending about any of said lines inter 
secting the reinforcing ?ange; and a second reinforcing 
?ange adjoining the ?rst reinforcing ?ange extending 
parallel to a second set of said straight lines in restraining 
engagement with the sheet along a second margin of the 
indented area to restrain the sheet at the location of such 
engagement against bending about any of said lines inter 
secting the second reinforcing ?ange, both said reinforc 
ing ?anges extending away from the medial surface of the 
sheet at substantially a right angle, whereby the sheet is 
stiffened to a marked degree and for a substantial distance 
away from the reinforcing ?anges against bending about 
any of said straight lines intersecting one of said reinforc 
ing ?anges. 
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