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57 ABSTRACT 
A lightweight, collapsible or knock-down parallelepi 
ped structure and other geometric structures, such as 
geodesic domes, having a high strength-weight ratio, 
erected without tools from series of standardized wall 
sections are disclosed herein. Each wall section of the 
structure comprises a plurality of framing rails which 
define a closed frame, which supports a rigid sheet of 
lightweight, durable paneling. The cross section of the 
framing rials is hermaphroditic, i.e., it is especially 
configured to mate with itself. The appropriate mating 
of two of the framing members is the first step in 
forming a unique edge joint of the structure without 
the use of tools. The edge joint is rigidly established by 
swinging toggle clamp members which firmly lock to 
gether the mating framing members of adjacent wall 
sections. When desired, the new structure may be dis 
assembled or knocked down, also without tools, for 
storage in minimum space, by releasing the toggle 
clamp members by a simple pivoting movement. 
Spring keeper elements hold the toggle clamps in pre 
determined relation to the wall sections in both the 
operative and inoperative positions of the toggle 
clamps. 

4 Claims, 8 Drawing Figures 
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LIGHTWEIGHT COLLAPSIBLE STRUCTURES 

RELATION TO CO-PENDING APPLICATION 
This application is a continuation-in-part of co 

pending application Ser. No. 779,750, filed Nov. 29, 
1968, issued as U.S. Pat. No. 3,517,849. 
SUMMARY OF THE PRESENT INVENTION 

The present invention provides a new and improved 
collapsible structure of especailly light weight in com 
parison to structures of comparable storage capacity 
and of strength substantially equal to or greater than 
previously available structures of comparable capacity. 
The new structures may be simply assembled by un 
skilled laborers from standardized and interchangeable 
wall sections, without the use of tools, and conversely 
they can be disassembled and completely collapsed for 
storage, without the use of tools, by virtue of a new and 
improved framing rail and edge joint construction. 
More specifically, each of the wall sections for the 

structures of the invention are comprised of a rigid light 
weight frame made from a hollow extrusion or rail hav 
ing a unique, hermaphroditic cross section. The config 
uration of the framing rail cross section is such that it 
is generally four-sided and includes a planar wall, a spe 
cially shaped key opposite the planar wall, a bi 
functional, canted locking slot on a third wall, and a 
shallow groove on the fourth wall. An extension of the 
first wall together with a projecting flange from the 
fourth wall cooperate to form a panel retaining chan 
nel. 

In accordance with the invention, predetermined 
lengths of the new hollow extrusion may be cut at right 
angles to its length and then connected together at pre 
determined angles to form closed frames by the use of 
angular corners which are appropriately shaped to fit 
within the hollow portions of the extruded frame mem 
bers and to define the angle of junction. As will be un 
derstood, each wall section for the new structures may 
be fabricated by framing an appropriately shaped panel 
of rigid lightweight material such as reinforced corru 
gated board, plywood, alumunum or steel foil sand 
wiched about a core, etc. 

In accordance with a very important aspect of the 
present invention, selected wall sections will carry 
pivotable toggle clamp members, which are adapted to 
clamp wall sections together in a predetermined rigid, 
edge joint generally established by the mating of the 
key portion of one wall section frame rail with the bi 
functional slot of an adjacent wall section frame rail. 
For a more complete understanding of the invention 

and a better appreciation of its attendant advantages, 
reference should be made to the following detailed de 
scription taken in conjunction with the accompanying 
drawings. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective view of an intermodal, collaps 
ible, parallelepiped structure embodying the principles 
of the invention; 
FIG. 2 is an exploded, perspective view of the ele 

ments required to form a corner of a wall section for 
the new structure; 
FIG. 3 is a plan elevational view of a corner of a wall 

section of the new structure showing the toggle clamp 
members in an inoperative position; and 
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2 
FIG. 4 is a cross-sectional view of the new structure 

edge joint taken along line 4-4 of FIG. 3 and showing 
nested frame rails locked together by a toggle clamp 
member in accordance with the invention; 
FIGS. 5, 6 and 7 are cross-sectional views of alternate 

preferred embodiments of the framing rail of the inven 
tion; and 

FIG. 8 is a perspective view of a geodesic structure 
embodying the inventive principles. 
DESCRIPTION OF PREFERRED EMBODIMENT 
Referring initially to FIG. 1, a preferred form of the 

structure of the invention is a rectangular parallelepi 
ped 10 which comprises a front wall section 11, an end 
wall section 12, a rear wall section 13 (not visible in 
FIG. 1), an end wall section 14, a top wall section 15, 
and a bottom wall section 16. It is to be understood, of 
course, that structures embodying the inventive con 
cepts will assume many other shapes, depending upon 
the ultimate use of the structure. 

In accordance with the invention and as shown in 
FIG. 1, each of the wall sections 11-16 of the structure 
10 is formed from a panel 17 of durable, lightweight, 
substantially rigid sheet material, which panel is ce 
mented into a circumscribing frame 18 for support and 
stiffening. In accordance with the principles of the in 
vention, each of the frames 18 is built up from a stan 
dard or universal hollow frame rail 19 (FIG. 2), having 
a unique tubular cross section especially designed to 
perform a multiplicity of functions. Advantageously, 
the frame rails are of extruded aluminum, ABS, or 
other high impact strength plastic construction. 

Specifically, the new framing rail member 19 is 
adapted to be self-mating with a rail member of identi 
cal cross section when rotated 90', i.e., it is hermaphro 
ditic; it is adapted to hold and to stiffen the wall panel 
material 17 in a flat plane recessed from the periphery 
of the finished container; it is adapted to provide a 
groove in which a pivotable toggle clamp may be dis 
posed in operable association therewith; it is adapted to 
receive a sealing gasket between itself and a mating 
frame rail; and it is adapted to be rigidly locked to a 
mating frame rail by a pivotable toggle clamp. 
More specifically and with reference to FIG. 2, the 

hollow frame rail 19 of the invention includes an outer 
substantially planar wall 20 and a planar inner wall 21 
having a wedge-shaped key 22 projecting centrally 
therefrom. The key 22 has convergent sides 23 and a 
flat face 24. The inner and outer frame rail walls 20, 21 
are spaced from one another by a panel retaining wall 
25 and a locking wall 26. As shown, the retaining wall 
25 includes a projecting flange 27 which is parallel with 
an extension or flange 28 of the inner wall 21. The 
flanges 27, 28 cooperate to define a channel 29 of suffi 
cient width to receive and to securely hold the con 
tainer wall sheet material 17. The flanges 27, 28 in 
clude grooves 35 at their inside surfaces, which grooves 
provide additional surface area for establishment of the 
cement bond between the channel 29 and the paneling 
17 and which grooves prevent bonding material (usu 
ally epoxy) from flowing beyond the flanges 27, 28. 
The panel retaining wall 25 also includes a shallow 
groove 30 which extends longitudinally parallel to the 
axis of the frame rail. 
The locking wall 26 of the frame rail includes a 

canted, deep slot 31, the divergent mouth of which is 
defined by spaced lands 32, 33 which are generally 
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shaped to matingly receive the wedge-shaped key 22. 
As shown, the land 33 is formed generally by a rounded 
hollow corner 33' connecting the rail walls 20, 26, 
while the land 32 is formed by a solid locking lip 34 
which defines one wall of the slot 31. In accordance 
with the invention, the rounded edges 33' are the out 
ermost edges of the erected container and contribute 
to safety in handling of the erected structure and to the 
even distribution of shock forces. As will be under 
stood, the slot 31 is deep enough and sufficiently 
canted to receive and to hold the hooked locking por 
tion of a toggle clamp, as will be described in greater 
detail hereinafter. 
The individual lengths of frame rails 19 required to 

5 

O 

form a frame 18 are advantageously cut from pieces of 15 
stock by 90' cuts and are connected together to form 
frame corners by an angle piece or frame connector 40 
having a central portion with external contours which 
are generally flush with external contours of the rails 
with one exception. The inner face 41 of the frame con 
nector 40 is planar and is flush with the wall 21 (and 
not the key 22) for reasons to be discussed hereinafter. 
Planar surfaces 42 and slot 43 of the connector 40 are 
generally flush with the slots 31 and outer wall surfaces 
20 of the rails 19 which are to be joined to form a frame 
18. A pair of solid legs 45 having cross sections gener 
ally similar to the hollow portions of the tubular rails 19 
project outwardly from the central portion of the con 
nector and mutually define the angle of juncture of the 
connector. In the illustrated preferred embodiment in 
which each of the structure wall sections is rectangular, 
the corner connector 40 will, of course, be L-shaped or 
perpendicular. As will be understood, shoulders 46 are 
formed where the central connector portions are joined 
with the legs 45. Advantageously and as shown in FIG. 
2, the connector 40 is of solid construction, although 
a hollow connector may be employed with efficacy in 
some applications. 
As an important aspect of the invention, the surfaces 

41 of the frame corner connector 40 are suitably re 
cessed in relation to the keys 22 to allow framed wall 
sections (for example, sections 11, 12 in FIG. 1) to be 
mutually butted in the formation of the completed 
structure without interference from the keys. 
The corner of a framed wall section may be simply 

completed in accordance with the invention by tele 
scoping the hollow frame rails 19 over the legs 45 and 
into contact with shoulders 46 formed in the corner 40. 
Permanence and absolute rigidity of the established 
corner may be ensured by applying a thin coat of epoxy 
cement to the surfaces to be joined before they are tele 
scoped. Of course, other adhesives or suitable mechan 
ical fasteners may be employed in lieu of epoxy ce 
ment, if desired. 
From the foregoing, it will be apparent that wall sec 

tions of all sizes and shapes can be easily fabricated 
from readily available lightweight sheet material, such 
as plywood or sheet aluminum, laminated to a honey 
comb core. 
As a most important aspect of the invention, com 

pleted wall sections may be quickly, simply, and effi 
ciently connected together, without any tools what 
ever, to form the rigid structure 10 through the employ 
ment of novel toggle clamps 50 carried by selected 
ones of the wall sections. For example, in a rectangu 
larly prismatic structure having 42 X 58 inches front 
and rear walls and 42 x 42 inches end walls and espe 
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4. 
cially suited for use as a cargo container, three clamps 
would be carried at the top and bottom edges of the 
front and rear walls and two clamps would be carried 
by the side edges of the front and rear walls and by the 
top and bottom edges of the end walls, a total of 28 
clamps. However, for the sake of brevity of description 
and similicity of illustration, only a few of these toggle 
clamps 50 have been shown in FIG. 1. As a specific as 
pect of the invention, the clamps 50 are held in a re 
cessed relation within the periperhy of the container by 
a keeper member 70. 
More specifically and in accordance with the princi 

ples of the invention, each toggle clamp assembly 50 
includes an operating lever 51 and pivoting locking 
member 62, both of which are formed from heavy wire 
which has been appropriately bent into the illustrated 
shapes. As shown in FIGS. 3 and 4, the lever 51 is of 
closed shape and has a fulcrum rod portion 52 spaced 
from a pair of pivotaxis portions 53 by parallel leg por 
tions 54. An elongated handle 55 having a slightly up 
turned distal end 56 is connected to the pivot portions. 
The locking member 62 includes a pair of elongated 

parallel locking portions 63, the hooks 64 of which are 
interconnected by a transverse locking bar 65. The free 
ends of each of the locking portions 63 are bent back 
upon themselves and around the pivot axis portions 53 
of the operating lever 51 to form loops 66 and to effec 
tively articulate the locking member 62 to the lever 51 
to form a locking clamp assembly 50. As shown, each 
of the loops 66 is in the nature of a stabilizing foot for 
the clamp assembly 50. 
The toggle clamp assembly 50 is associated with each 

wall section by placing the fulcrum rod 52 in the shal 
low groove 30. Thereafter, the hooks 64 are swung up, 
over, and loosely into the canted locking slot 31 of an 
appropriately abutted frame rail by pivoting the lever 
51 outwardly from the plane of the paneling 17. The 
subsequent pivoting of the operating lever downward 
and towards the plane of the wall panel will pull the 
locking bar 65 tightly into the locking slot 31 and will 
firmly and rigidly clamp the abutted frame rails, one to 
the other, between the locking bar and the fulcrum bar. 
As a very important aspect of the invention, each pair 
of abutted, clamped, hollow tubular rails constitutes a 
very strong (but light weight) load-bearing member, 
i.e., the four pairs of horizontal rails act as four load 
bearing beams, while the four pairs of vertical rails act 
as four load-bearing columns. Thus the structures 10 
may be readily, safely stacked upon one another or oth 
erwise externally loaded or stressed. 

in accordance with the invention, the keeper mem 
ber 70 is fabricated of tempered spring steel and is pro 
vided to maintain the toggle clamp assembly in perma 
nent association with the wall sections and to maintain 
the elements of the assembly 50 in either of two posi 
tions shown in FIGS. 3 and 4. More specifically, the 
keeper includes a groove-like portion 71 which cooper 
ates with the groove 30 on the frame rail 19 to define 
a substantially closed passage in which the fulcrum rod 
52 is disposed. As shown in FIG. 4, the keeper member 
70 is attached by rivets 73 or is otherwise suitably se 
cured to the wall section to maintain the assembly 50 
in a fixed longitudinal position with respect to each 
frame rail but in a manner which accommodates free 
swinging of the lever 51 and locking member 62 toward 
and away from the plane of the wall panel. Addition 
ally, the keeper member includes an integral pair of U 



3,784,043 
S 

shaped spring clip members 74, the inner surfaces 75 
of which are adapted to engage and hold the operating 
lever 51 substantially flat against the wall panel, and 
the outer surfaces 76 of which are adapted to hold the 
locking member 62 parallel to the plane of the wall 
panel, as shown in FIG. 3. Accordingly, when the tog 
gle clamp assembly 50 is not in use, it will be held re 
strained from movement and maintained in a recessed 
relation beneath the outer periphery of the wall section 
(the plane defined by the outer surfaces of the frame 
rails). On the other hand, when the locking member 62 
is disposed in a locking relation (FIG. 4), the inner sur 
faces of the clips 74 will maintain the handle portion 55 
of the lever against the wall panel, thereby securely 
maintaining the edge joint of the structure 10 through 
the clamping of abutted wall sections and preventing 
the accidental unlatching of the locking member 62. 
As a more specific aspect of the invention, each of 

the spring clips 74 may include an aperture 77 through 
which a sealing wire 78 may be threaded after the erec 
tion, filling, and closing of the structure 10, when it is 
used as a cargo container. The wire 78, when sealed 
across the gap between the clips 74 and over the handle 
55 by an integral seal 79, will prevent unauthorized 
opening or tampering with the container and will pro 
vide further assurance against accidental unlatching of 
the locking member by pivoting of the lever 51. 
As shown best in FIG. 4, the key 22 of the frame rail 

of one wall section nestingly or matingly fits into the 
mouth of the slot 31 of the frame rail of an adjacent 
wall section. The planar surfaces adjacent the key 22 
abut the lands 32, 33 adjacent the slot 31 in flat fact-to 
face contact, in a manner whereby the outer surfaces 
42 of the frame rail members are disposed outwardly of 
the wall panels 17. These surfaces 42 are definitive of 
the outer periphery of the structure, as will be under 
stood. In some applications, where it is desirable or 
necessary, an elastomeric sealing member or gasket 80 
may be disposed in the bottom of the slot 31 to seal the 
formed container edge joint, which is, of course, rigidi 
fied and completed by clamping the nested frame rails 
together by the locking toggle action of the clamp as 
sembly 50, described hereinabove. If desired, a gasket 
ing elastomeric strip 81 may be fastened directly to the 
framing rail, as shown in FIG. 6. Thus it should be ap 
preciated that, in accordance with the principles of the 
invention, an entire structure can be built up or 
knocked down in a matter of minutes without any tools 
merely by latching and unlatching a series of toggle 
clamps. 
The sequence of erection of a complete parallelepi 

ped is as follows: The bottom wall section 16 is dis 
posed with the keys 22 of its frame 18 facing upwardly. 
The rear wall section 13 is then locked to the side wall 
section 12 in perpendicular relation thereto (with the 
key 22 and slot 31 nested in the manner shown in FIG. 
4) by hooking the locking members carried by the rear 
wall section into the locking slot in the frame of the side 
wall section and then clamping the abutted frame rails 
together through the pivoting movement of the operat 
ing levers, thereby forming a corner “post' or load 
bearing column of the container. Thereafter, the joined 
sections 12, 13 may simply and accurately be located 
over the keys of the bottom wall section 16 and con 
nected thereto by the locking members in a similar 
manner to that described immediately above. Subse 
quently, the side wall 14 is clamped to the rear wall and 
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6 
botton wall. As should be understood, the wall sections 
12, 14 will be free to abut the wall section 13, in spite 
of the upwardly facing keys 22 of the bottom wall sec 
tion, due to the surface 41 of the corner connector 
which is recessed with respect to the keys 22. The 
structure 10 may be completed by clamping the front 
wall section to the bottom wall section 16 and to the 
end wall sections 12, 14, and then clamping the top 
wall section 15 to the interconnected upstanding wall 
sections 11-14 in the manner described. 
While the above-described rectangular prism 10 rep 

resents one of the standardized configurations for inter 
modal (truck, ship, airplane, railroad car) cargo con 
tainers, the inventive concepts may also be employed 
in the manufacture of structures having shapes other 
than that of rectangular prisms. For example, cargo 
containers having the standardized 'A' and 'B' 
shapes established by the International Air Transport 
Association (IATA) may be readily built up from a se 
ries of wall sections comprising panels framed with the 
new hermaphroditic framing rails. Of course, and as 
will be understood, for special shapes the specific pro 
portions and geometry of the cross section of the her 
maphroditic rails may be suitably varied. However, the 
unique functional aspects of the hermaphroditic rail 
will be the same. For example, it may be desirable or 
necessary to fabricate a hermaphroditic rail 19 with an 
arcuate key 22, as shown in FIG. 5, rather than a 
wedge-shaped key 22, as shown in FIG. 2. 
More specifically, utilizing the general principles of 

the present invention, a geodesic dome 84 (FIG. 8) 
may be built up from a plurality of triangular panels 85, 
86 framed with hermaphroditic framing rails 87 gener 
ally embodying the inventive concepts. As shown in 
FIG. 7, the rail 87 includes a shallow longitudinally ex 
tending groove 88 in which is seated the fulcrum rod 
portion 52 of a toggle clamp assembly 50 identical in 
construction and function to that described herein 
above. The framing rail 87 also includes a longitudi 
nally extending locking slot 89 into which the hook 64 
of the toggle clamp 50 may be inserted (as shown in 
FIG. 7) in the interlocking of adjacent panels 85, 86. 
Actual mating of the edges of the rails 87 is effected 
through a longitudinal hermaphroditic groove 90, one 
wall of which groove is defined by a key member 91. 
Retained in the groove 90 is a flexible, resilient gasket 
92, as shown. The rails 89 have outwardly extending 
flanges 93, 94 which cooperate to define a channel 95 
into which a sheet of paneling material 17 is inserted 
and held in the same manner described in connection 
with flanges 27, 28 of the rails 19. 
As shown in FIG. 7, the triangular panels 85 may be 

easily and quickly connected to the panels 86 which 
surround it by operation of the toggle clamps 50 in the 
manner described hereinabove. As shown, the edge 
portions of the hermaphroditic rails 87 may be mated 
by the insertion of the rounded key members of adja 
cent rails into the hermaphroditic grooves 90. A tightly 
sealed joint is effected by the insertion of tightly sealed 
gaskets in each of the grooves 90 of the abutted rails 
87, as will be apparent from FIG. 7. In effect, the panels 
85 will be "righthanded' and the panels 86 will be 
"lefthanded'. That is to say, the clamps on the panels 
86 will be disposed internally of the dome 84, while the 
clamps on the panels 85 will be disposed externally of 
the panels. Thus, the orientations of the rails on panels 
85 and 86 are reversed. As shown in FIG. 7, the panel 
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86 has a toggle clamp 50 disposed internally of the 
dome, the hook of which clamp is engaged in the lock 
ing slot 89 of the panel 85, as shwon, while the clamp 
carried by the panel 85 is hooked into the locking slot 
of the panel 86 which is disposed externally of the 5 
structure. Thus, it will be appreciated that each of the 
“righthanded' triangular panels is locked to its neigh 
boring "lefthanded' panel by latches extending in op 
posite directions and disposed on both sides of the 
completed edge joint of the dome 84. 

In the aforementioned illustrated structure, a particu 
larly advantageous lightweight sheet material 17, espe 
cially well suited for air cargo containers, comprises a 
0.250 inch thick core of rigid, expanded plastic foam, 
e.g., polystyrene foam ("Foamcore' material commer- 15 
cially available from Monsanto Chemical) to the outer 
surface of which (“outer' is expressed in terms of the 
erected structure) is laminated a layer of 0.002 inch 
thick steel foil and to the inner surface of which is lami 
nated a layer of 0.004 inch thick steel foil. Advanta- 20 
geously, a thin paper layer may be included between 
the foil and plastic foam in order to facilitate bonding 
of the foam to the foil and/or to enhance the strength 
of the laminated material. This very specific construc 
tion (0.002 inch of steel foil on the “outside' of a plas- 25 
tic core with 0.004 inch on the "inside') offers sub 
stantial resistance to deleterious puncturing forces. 
Moreover, utilizing the same plastic foam core and the 
same total thickness of steel foil, foil arrangements 
other than the aforementioned 0.002 outside- 0.004 30 
inside do not provide the same high degree of punc 
tureproofness. For example, 0.003 inch foil on both 
sides of the core is not as effective as the 0.002 inch 
outside-0.004 inch inside arrangement, nor is an ar 
rangement of 0.004 foil on the outside and the 0.002 35 
inch foil on the inside as effective. 

It will be understood that the specific forms of the in 
vention illustrated and described herein, including the 
frame rail and clamp assembly configurations, are in 
tended to be representative only, and that certain 40 
changes may be made therein without departing from 
the clear teachings of the disclosure. Accordingly, ref 
erence should be made to the following appended 
claims in determining the full scope of the invention. 

I claim: 
1. A universal, hollow one-piece hermaphroditic 

framing rail characterized in that the cross section of 
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said rail includes four consecutive generally perpendic 
ular walls, the first of which includes a key means, the 
second of which is adjacent to said first wall and in 
cludes a slot means abuttably matable with said key 
means, the third of which is generally flat, and the 
fourth of which has a paneling support means integral 
therewith. 

2. A rail in accordance with claim 1, in which 
a. said key means is wedge-shaped and has a prede 
termined height, 

b. said slot means is canted and has a depth greater 
than said predetermined height, 

c. whereby the key means of one frame rail is adapted 
to nest in the slot means of another frame rail of the 
same cross section. 

3. A lightweight collapsible geometric structure com 
prising a plurality of wall panels clamped together, 
characterized in that 

a. each of said panels is framed by universal hollow 
one-piece hermaphroditic framing rails having four 
sides, three of which are generally perpendicular; 

b. all of said framing rails have key means and slot 
means of configurations abuttably matable with 
each other on consecutive sides, one of the other 
sides has panel support means formed integrally 
and recieving said wall panels; and 

c. elastomeric gasket means are disposed between 
the key means and slot means of adjacent panels. 

4. A universal, hollow one-piece hermaphroditic 
frame rail having a generally polygonal cross section 
including four sides, three of which are generally per 
pendicular, one of which sides includes a male key 
means, a second of which sides is adjacent to said first 
side and includes a separate female slot means of di 
rectly abuttably, matable configuration with said male 
key means, and panel retaining means formed inte 
grally with a third side, said panel retaining means in 
cluding an integral planar extension of a side remote of 
said slot means, whereby said universal frame rail is 
adapted to frame planar members of predetermined 
shape, a plurality of which framed panel members may 
be connected to one another in predetermined orienta 
tions in abutting edge-to-edge relationship with said 
key means and said slot means mated to establish pre 
determined three dimensional geometric structures. 

: sk k k 


