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57 ABSTRACT 

A structural membrane panel is formed from an even 
number of contiguous saddle-shaped surfaces which 

- are bounded by a plane or skew polygon which sur 
rounds, a central structural surface which may take the 
form of a saddle, valley, or a cross-cap. Where a cen 
tral saddle or valley is utilized, these central elements 
are bridged to consummate structural integrity. 

17 Claims, 28 Drawing Figures 
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STRUCTURAL MEMBRANE PANEL FORMED 
FROM SADDLE SHAPED SURFACE 

This application is a continuation of my now aban 
doned application Ser. No. 77,285, filed Oct. 1, 1970. 
This invention relates to structural membrane panels 

and more particularly to such panels formed from a 
plurality of saddle-shaped surfaces bounded by a plane 
or skew polygon. 
Membrane panels have been widely utilized to form 

such structural members as ceilings, walls and roofs to 
afford lightweight structural units that can be readily 
handled and which lend themselves to fabrication out 
of such materials as plastic, sheet metal and cast mate 
rials. Such membrane panel structures have been uti 
lized not only for their structural characteristics but 
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also with aesthetic considerations in mind. Many of . 
such structures, while aesthetically pleasing, lack the 
structural characteristics to be desired. Others involve 
comparatively high fabrication costs which limits their 
marketability. 
The structural panels of this invention not only pro 

vide structural members having high aesthetic values, 
but also high strength to weight ratios with excellent ri 
gidity. Further, the panels of this invention exhibit ex 
cellent acoustical insulation characteristics having high 
resonant frequencies and low energy transmission. In 
addition, the membrane panels of this invention offer 
economies in fabrication and cost of materials. 

It is therefore the principal object of this invention to 
provide improved structural membrane panels having 
excellent structural characteristics and aesthetic appeal 
which lend themselves to economical fabrication. 
Other objects of this invention will become apparent 

as the description proceeds in connection with the ac 
companying drawings, of which: 
FIG. 1 is a perspective view of one embodiment of 

the device of the invention; 
FIG. 2 is a view of the embodiment of FIG. 1 taken 

from the opposite side thereof; 
FIG. 3 is an end view of the embodiment of FIG. 1 

taken along the plane indicated by 3-3 in FIG. 1; 
FIG. 4 is a perspective view of a second embodiment 

of the device of the invention; 
FIG. 5 is a perspective view of the embodiment of 

FIG. 4 taken from the opposite side thereof; 
FIG. 6 is a top plan view of the embodiment of FIG. 

4; 
FIG. 7 is a cross-sectional view taken along the plane 

indicated by 7-7 of FIG. 6; 
FIG. 8 is a perspective view of a third embodiment of 

the device of the invention; 
FIG. 9 is a perspective view of the embodiment of 

FIG. 8 taken from the opposite side thereof; 
FIG. 10 is a top plan view of the embodiment of FIG. 

8; 
FIG. 11 is a cross-sectional view taken along the 

plane indicated by 11-11 in FIG. 10; 
FIG. 12 is a perspective view of a fourth embodiment 

of the device of the invention; 
FIG. 13 is a perspective view of the embodiment of 

FIG. 12 taken from the opposite side thereof; 
FIG. 14 is a top plan view of the embodiment of FIG. 

12; 
FIG. 15 is a cross-sectional view taken along the 

plane indicated by 15-15 in FIG. 14; 
FIG. 16 is a perspective view of a fifth embodiment 

of the device of the invention; 
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FIG. 17 is a perspective view of the embodiment of 

FIG. 16 taken from the opposite side thereof; 
FIG. 18 is a cross-sectional view taken along the 

plane indicated by 18-18 of FIG. 16; 
FIG. 19 is a perspective view of a sixth embodiment 

of the device of the invention; 
FIG. 20 is a cross-sectional view taken along the 

plane indicated by 20-20 in FIG. 19; 
FIG. 21 is a perspective view of a seventh embodi 

ment of the device of the invention; 
FIG. 22 is a perspective view of the embodiment of 

FIG. 21 taken from the opposite side thereof; 
FIG. 23 is a cross-sectional view taken along the 

plane indicated by 23-23 of FIG. 21; 
FIG. 24 is a perspective view of an eighth embodi 

ment of the device of the invention; 
FIG. 25 is a cross-sectional view taken along the 

plane indicated by 25-25 in FIG. 24; 
FIG. 26 is a perspective view of a ninth embodiment 

of the device of the invention; 
FIG. 27 is a perspective view of the opposite side of 

the embodiment of FIG. 26; and 
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FIG. 28 is a side elevational view of the embodiment 
of FIG. 26 taken along the plane indicated by 28-28 
in FIG. 26. 

Briefly described, the structural panels of this inven 
tion comprise an even number of contiguous saddle 
shaped surfaces which are bounded by edges which 
form a plane or skew polygon. These saddle-shaped 
surfaces surround a centrally located structural ele 
ment which joins the other surfaces together and which 
may comprise a saddle, a valley or gorge, or a cross 
cap. Where a central saddle or a vally or gorge is uti 
lized, bridging members are utilized to tie the vertices 
of the central structure together. The terms "saddle' 
and "saddle-shaped' as used herein define a surface 
which is anticlastic at any point thereon, i.e., has oppo 
site curvatures at any surface point, being convex in 
one set of directions and coincave in a second set of di 
rections from any such point. The term “membrane" as 
used herein defines a structure in which the major lines 
of stress fall within the surface of the geometry. The 
saddle surfaces can be double curved (non-rulable), 
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minimal, or ruled surfaces. Three particular saddle 
shaped surfaces which are preferred are the right heli 
coid, which is rulable, the minimal surface, and the 
double ruled quadric surface which may comprise a hy 
perbolic paraboloid or a part of a hyperboloid of one 
sheet. As already noted, in certain embodiments of the 
invention, the central saddle of the primitive form is 
modified to form a valley or gorge in which case only 
one bridge element is required. In other embodiments, 
the central saddle is replaced with cross-caps or a tetra 
hedron. 

It is to be noted that a panel constructed with either 
a central saddle or valley can be nested when stacked 
for reduced volume in shipping. The structural bridging 
in this instance would be accomplished at the time of 
installation or use. The particular surface geometry uti 
lized is dependent upon the specific application re 
quirements. The structural panels can be assembled in 
multiples in various configurations to provide a great 
variety of end structures. 

Referring now to FIGS. 1-3, a first embodiment of 
the membrane panel structure of the invention is illus 
trated. The panel is fabricatd from a single sheet of 
plastic, metal or other suitable material by forming the 
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sheet so that it has six similar contiguous outer saddle 
surfaces 31 on one side as shown in FIG. 1, and six simi 
lar contiguous saddle surfaces 31 on the opposite side 
as shown in FIG. 2, the opposite surfaces of course 
being in a 180° relationship to each other geometri 
cally. The outer edges of saddle surfaces 31 form a tri 
angular perimeter 34. Saddle surfaces 31 surround a 
central saddle surface 32 which is in the form of a mon 
key saddle and which centrally joins the outer saddles 
together. The three vertices of the monkey saddles 32 
are joined together by rigid bridging members 35 which 
are fixedly attached to these vertices by cementing or 
other suitable means, or which may be integrally 
molded with the panel. As already noted, this panel can 
be readily fabricated by conventional forming tech 
niques, such as thermoforming, molding, casting, etc. 
This panel can be made of a relatively thin sheet of 
plastic or metal to provide a lightweight structure hav 
ing high rigidity. 
Referring now to FIGS. 4-7, a second panel structure 

of the invention is illustrated. This embodiment, as the 
first, may be formed from a single sheet of material and 
has opposite similar sides which are in rotated relative 
relationship. In this instance, there are four saddle sur 
faces 31, the edges of which form a square perimeter 
34. Saddle surfaces 31 surround a central saddle 32. 
The saddle on each side of the panel is bridged by lin 
ear bridging member 35 which may be a bar which is 
fixedly attached to the vertices of saddle 32. 
Referring now to FIGS. 8-11, another embodiment 

of the device of the invention is illustrated. This em 
bodiment is similar to that of FIGS. 4-6 in that it in 
cludes four saddle surfaces 31, the edges of which form 
a square perimeter 34. However, rather than having a 
central saddle to join the other saddle surfaces to 
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gether, this is replaced by valley or gorge 32. Thus, a 
linear bridging member 35 is required to achieve struc 
tural integrity on only one side of the panel (that shown 
in FIG. 8). On the opposite side of the panel as shown 
in FIG. 9, the saddle surfaces 31 are structurally tied 
together by the ridge 32a formed by the bottom portion 
of the valley on the opposite side of the panel. Ridge 
32a thus forms a continuous ridge with the ridges 
formed where the saddle surfaces 31 meet, this ridge 
extending diagonally across the square panel. 
Referring now to FIGS. 12-15, a further embodiment 

of the structural panel of the invention is illustrated. 
This embodiment is similar to that illustrated in FIGS. 
8-11, except that the valley 32 is pinched together to 
form a cross-cap 40 and the linear bridging member is 
eliminated in view of the fact that the cross-cap per 
forms the structural function of the bridge. This em 
bodiment, as for the embodiment just described, com 
prises four saddle surfaces 31, the edges of which form 
a square perimeter 34. As can best be seen in FIGS. 12 
and 15, the top surface has a continuous diagonal ridge 
41 extending thereacross, this ridge including cross-cap 
40. As can be seen in FIG. 3, the bottom surface has 
a diagonal ridge 42 running thereacross, forming an X 
with the ridge on the top surface, thus affording rigidity 
to the structure. 
Referring now to FIGS. 16-18, still another embodi 

ment of the membrane panel of the invention is illus 
trated. In this embodiment there are eight saddle 
shaped surfaces 31, the edges of which form a square 
perimeter 34. The saddle-shaped surfaces 31 surround 
central valleys 32 which join the outer saddle surfaces 
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4 
together. The vertices of the valleys are tied together 
by a bridging member 35 having a pair of cross bridge 
elements, as shown in FIG. 16, to complete the struc 
ture. The side of the panel opposite to that shown in 
FIG. 16 is illustrated in FIG. 17 and as it can be seen 
has two continuous ridges 47 and 48, each of which ex 
tends between the centers of a pair of opposite edges 
of the panel. These ridges which cross each other at the 
center of the panel lie in a common plane with each 
other and all of the panel edges. 
Referring now to FIGS. 19 and 20, another embodi 

ment of the panel structure of the invention is illus 
trated. This embodiment is synthesized from two panels 
of the embodiment just described in connection with 
FIGS. 16-18, with a pair of such panels being joined to 
gether in mirror-image relationship along the surfaces 
thereof illustrated in FIG. 17. Thus, in this embodi 
ment, the edges of the two panel elements forming pe 
rimeter 34 are in abutment as well as ridges 47 and 48, 
which lie in the same plane as these edges. 
Referring now to FIGS. 21-23, still another embodi 

ment of the structural panel of the invention is illus 
trated. This embodiment is similar to that described in 
connection with FIGS. 16-18 and in fact is this struc 
ture as geometrically rotated 45°. Thus, in the embodi 
ment of FIGS. 21-23, there are eight saddle surfaces 31 
having a square perimeter 34 with central valleys 32, 
the vertices of which are bridged by bridging member 
35. In this instance however, the vertices of the valleys 
and the bridging elements of the bridging member are 
aligned with points halfway between the corners of the 
panel rather than lying in diagonals of the panel, as in 
the previous embodiment. Thus, the surface of the 
panel illustrated in FIG. 22 (opposite to that shown in 
FIG. 21) has a pair of ridges 47 and 48 which are copla 
nar with the edges of the panel and each other and form 
diagonals of the panel. 
Referring now to FIGS. 24 and 25, a further embodi 

ment of the panel structure of the invention is illus 
trated. This embodiment is synthesized by joining two 
of the panels of the embodiment of FIGS. 21-23 to 
gether along the edges and diagonals of the surfaces of 
FIG. 22 in the same manner as the embodiment of 
FIGS. 19 and 20 is formed from that of FIGS. 16-18. 

Referring now to FIGS. 26-28, still another embodi 
ment of the invention is illustrated. This embodiment 
includes eight saddle-shaped contiguous surfaces 31, 
bounded by a square perimeter 34 and which surround 
a central saddle 32, the vertices of which are bridged 
by bridging member 35. This embodiment is somewhat 
similar to that of FIGS. 4–7 in that the opposite sur 
faces thereof are similar, but in this embodiment there 
are two saddle-shaped surfaces to each edge of the 
polygon boundary as compared with one for each edge 
of the earlier described embodiment. In this embodi 
ment, as can be seen in FIG. 27, the opposite surfaces 
of the panel are similar and both have the same number 
of outer saddle-shaped surfaces 31 which surround a 
central saddle with bridging elements 35 connecting 
the vertices of the central saddle. These two surfaces, 
however, are geometrically rotated with respect to 
each other by 45. 
Thus, the panel structures of this invention can be 

simply and economically fabricated from sheets of ma 
terial to provide structural units having excellent struc 
tural characteristics as well as aesthetic merit. The 
structure lends itself to fabrication from thermoform 
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ing plastics, fiber glass, reinforced, plastic, metal and 
cast material, depending on the particular application 
requirements. 

I claim: 
1. A membrane panel structure comprising: 5 
an even number of contiguous saddle-shaped sur 

faces, said surfaces being anticlastic at any point 
thereon, having concave curvature in a first set of 
directions and convex curvature in a second set of 
directions from any such point, the outer edges of 10 
said surfaces forming the perimeter of said struc 
ture which is polygonal, 

a central structural element surrounded by said sad 
dle-shaped surfaces, said central structural element 
joining the central portions of said saddle-shaped 
surfaces together to form a structural bridge there 
between. 

2. The membrane panel structure of claim 1 where 
said central structure comprises a saddle-shaped sur 
face and a bridge element rigidly bridging the vertices 
of said central saddle-shaped surface. 

3. The membrane panel structure of claim 1 wherein 
said central structure comprises a valley and a bridge 
element bridging the vertices of said valley. 
4. The membrane panel structure of claim 1 wherein 

said central structure comprises a cross-cap. 
5. The membrane panel structure of claim 2 wherein 

there are four outer saddle-shaped surfaces and a fifth 
central saddle-shaped surface forming each of the op 
posite sides of said membrane panel, the central sur 
face on one of said sides being oriented normal to the 
central sur-face on the opposite side, said bridging ele 
ments comprising elongated bar members bridging 
each of said central saddle-shaped surfaces. 

6. The membrane panel structure of claim 1 wherein 
the outer edges of said surfaces are co-planar. 

7. A membrane panel structure comprising: 
an even number of contiguous outer saddle-shaped 

surfaces, said surfaces being anticlastic at any point 
thereon, being convex in a first set of directions 
and concave in a second set of directions from any 
such point, the outer edges of said surfaces forming 
the perimeter of said structure and being polygo 
nal, 

a central saddle-shaped surface surrounded by said 
outer surfaces and joining the central portions of 
said outer surfaces together, and 

bridge means for bridging the vertices of said central 
saddle surface to rigidly tie said vertices together. 

8. The structure of claim 7 wherein the number of 50 
said outer saddle-shaped surfaces is six for each of the 
sides of said panel structure, the polygonal perimeter of 
said structure being triangular. 

9. The panel structure of claim 8 wherein said centr 
saddle-shaped surface is in the form of a monkey saddle 55 
having three vertices, said three vertices being joined 
together by said bridging means. 

10. The membrane panel structure of claim 7 
wherein the number of said outer saddle surfaces is 
four for each of the opposite sides of said structure, 60 
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6 
there being a central saddle for each of said sides, said 
central saddles each having two vertices, bridging 
means comprising a linear bar member interconnecting 
said vertices, the vertices and the bar member on one 
of the sides of said panel structure being oriented or 
thogonally to those on the opposite side thereof. 

11. The structure of claim 7 wherein there are eight 
outer saddle-shaped surfaces on each of the sides of 
said panel structures, the outer edges of said outer sur 
faces forming a square, a central saddle-shaped surface 
on each of the panel structure sides, each of said cen 
tral surfaces having two pairs of mutually orthogonal 
vertices, the saddle-shaped surfaces on the opposite 
sides of said panel structure being geometrically ro 
tated 45 degrees with respect to each other. 

12. A membrane panel structure comprising: 
an even number of contiguous outer saddle-shaped 

surfaces, said surfaces being anticlastic at any point 
thereon, having concave curvature in a first set of 
directions and convex curvature in a second set of 
directions from any such point, the outer edges of 
said surfaces forming the perimeter of said struc 
ture and being polygonal, 

a central valley-shaped surface surrounded by said 
outer surfaces and joining the central portions of 
said outer surfaces together, and 

bridge means for bridging the vertices of said central 
valley-shaped surface to rigidly tie said vertices to 
gether. 

13. The membrane panel structure of claim 12 
wherein there are eight outer saddle-shaped surfaces, 
the outer edges of said surfaces forming a square, one 
of the sides of said structure including said central val 
ley-shaped surface, the other of the sides of said struc 
ture having a pair of mutually orthogonal ridge portions 
formed therein, said ridge portions extending between 
the opposite edges of said structure and running 
through the center thereof, said ridge portions further 
being coplanar and in the same plane as the edges of 
said structure. 

14. The structure of claim 13 wherein said coplanar 
ridge portions extend between opposite corners of the 
square formed by said structure to form diagonals 
thereof. 

15. The structure of claim 13 wherein said ridge por 
tions extend between points at the center of opposite 
edges of said membrane panel. 

16. The structure of claim 14 and further including 
a second similar membrane panel structure joined to 
the first membrane panel structure along the ridge por 
tions and the edges thereof to form an integral struc 
ture. 

17. The structure of claim 15 and further including 
a second membrane panel structure similar to said first 
mentioned membrane panel structure, said two mem 
brane panel structures being joined together along the 
ridge portions and the edges thereof to form an integral 
structure. 
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