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Filed May 20, 1963, Ser. No. 281,718 

4 Claims. (Cl. 161-131) 

My invention relates to a new geometrical form that 
will ?nd wide application as a structure expansible in 
all directions. In particular, my invention involves a 
substantially plane expandably corrugated surface. 

Controlling the expansion of materials has long been a 
problem in many industries. Among-the methods devel 
oped to combat the problem was that of working the ma 
terial into longitudinal corrugations transverse to the di 
rection of expansion and contraction. Although the con 
ventional longitudinal corrugations of this nature had 
much success, structures fabricated from such longitu 
dinally corrugated materials can expand only along an 
axis transverse to the corrugations. 

I have designed a form of surface which will allow a 
product to expand with cumulative bellows action in all 
directions along the general surface of the material. The 
term “expansion” as hereafter used implies both an ex 
panding and contracting action. The structure may in 
clude isolated substantially non-deformed units, but the 
major action of expansion takes place by providing in the 
surface of the material expansion units. This form is 
called plane expandable corrugations. 
The structure of the present invention is a surface in 

which corrugations are so formed and so located that the 
surface can expand in every direction by flexing across 
the corrugations. Patterns of corrugations are formed in 
individual expansion elements composed of an extending 
or depending conical element, each element expansible in 
itself. The elements are located over the surface in inter 
linked con?guration so that the borderline between ad 
jacent units approximates a closed loop. The surface is 
therefore also described as being covered with a plurality 
of tangentially connected loops. - 

Plane expansible corrugations will ?nd great use in the 
manufacture of building materials, such as in non-warp 
ing roo?ng sheets, resilient floor slabs, forms for con 
crete work and expansion sections in steam pipes. It is 
important to note that due to the regular con?guration 
of the plane expandable corrugation, individual sections 
may be easily joined together by nesting one in the other. 
This quality makes the plane expansible corrugation easily 
adaptable for use as a sealing material in ?oating roof 
tanks and as a flexible curtain in variable volume tanks. 
The invention is also adaptable as the accordian attach 
ment between railroad cars. 

Possibly the greatest application of plane expansible 
corrugations will be to the metal foil and paper towel 
?eld. Besides being able to expand over large and ir 
regular surfaces without tearing, the plane expansible co-r 
rugation will lend itself to the convenient sealing of the 
package or item to be wrapped. 

Being a new geometrical form, plane expansible cor 
rugations will ?nd wide- ‘acceptance because of its orna 
mentation qualities, whether or not its qualities in building 
materials or expandable structures are utilized or rec 
ognized. 

Further objects and advantages, of the present inven 
tion will be apparent from the following description, ref 
erence being had to the accompanying drawing wherein: 
FIGURE 1 is a fragmentary view of a structure includ 

ing plane expansible corrugations; 
FIGURE 2 is a sectional view as taken along line 2——2 

of FIGURE 1; 
FIGURE 3 is a cross-section of one of the units formed 

in the surface; 
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FIGURE 4 is an alternative embodiment of the present 

invention; 
FIGURE 5 is a representation of the tangential loops 

‘existing at the datum plane; 
FIGURE 6 is a representation of the tangential loops 

in the datum plane after the structure has been expanded; 
FIGURE 7 is an alternative embodiment of the present 

invention; 
FIGURE 8 is a sectional view taken along line 8--8 

of FIGURE 7; 
FIGURE 9 is an isometric view of the present inven 

tion; 
FIGURE 10 is a sectional elevation of a speci?c em 

bodiment of the present invention; 
FIGURE 11 is a sectional view as taken along line 

11-—11 of FIGURE 10; ' 
FIGURE 12 is a fragmentary view of an alternative 

structure including plane expansible corrugations; 
FIGURE 13 is a plan view of an alternative embodi 

ment of the present invention; and 
FIGURE 14 is a plan view of an alternative embodi 

ment of the present invention. _ 
In an illustrative embodiment of the present inven 

tion, and referring ?rst .to FIGURES 1, 2 and 9, alternat 
ing extending 11 and depending 12 hollow frusto conical 
elements are formed in the datum plane 10 of the ma 
terial and are arranged in a plurality of hexagonal group 
ings 14. The terms “extending” and “depending” refer 
to similar conical elements but on opposite sides of the 
datum plane 10. Each hexagonal grouping 14 of frusto 
conical elements encloses a substantially non-deformed 
unit 16 in the datum plane 10. Each extending 11 frusto 
conical element is therefore surrounded by three depend 
ing 12 frusto conical elements and three substantially 
non-deformed units 16. 
The sidewalls 18 of the extending 11 and depending 

12 frusto conical elements are common sidewalls 18 in 
which corrugations 21 have been formed. The corruga 
tions 21 of each extending 11 and depending 12~frusto 
conical element extend from the frustum 23 of the ex 
tending 11 or depending 12 frusto conical element, 
along the common sidewalls 18 to the datum plane 10 
where they merge with the corrugations 21 extending 
along the adjacent extending 11 or depending 12 frusto 
conical element. 
As can be seen in FIGURE 1, and more clearly in 

FIGURE 5, each frusto conical element describes a 
closed loop 24 at the datum plane 10. Because the 
alternating extending 11 and depending 12 frusto conical 
elements share common sidewalls 18, these closed loops 
24 appear tangent to each other in the datum plane 10. _ 
Expansion occurs in each individual extending 11 and 
depending 12 frusto conical element evidenced by a shal 
lowing of the element, i.e, the frustum 23 approaches 
the datum plane 10, and the closed loops 24 are deformed. 
The deformation of the closed loops 24 is shown in 
FIGURE 6, wherein an elliptical shape is approximated 
when the force exerted on the material is not uniform in 
all directions. 
A cross-section of an extending 11 or depending 12 

hollow conical element is shown in FIGURE 3, enabling 
further illustration of the corrugations 21. 

In an alternative embodiment of the present invention, 
and referring speci?cally to FIGURE 4, the extending 
11 and depending 1'2 hollow conical elements extend to 
an apex 26 rather than to a frustum 23. In this em 
bodiment the corrugations 21 extend from the apex 26 
along the common sidewalls 18 to the datum plane 10 
where they join the corrugations 21 extending along the 
common sidewall 18 of the adjacent conical element. 
As shown in FIGURE 12, the alternating extending 
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11 and depending 12 frusto conical elements are grouped 
in a four-sided pattern. Each individual pattern would 
therefore consist of two corrugated extending elements 
11, two corrugated depending elements 12 and an en 
closed, substantially non~deformed unit 16 in the datum 
plane 10. This four~sided pattern is particularly applic 
able in expansion joints for pipes and pipe systems where 
in the expansion is generally either along the pipe axis 
or perpendicular to the pipe axis. When a pipe is 
stretched, the axial length increases while the circum 
ference of the pipe normally decreases. When using 
plane expansible corrugations of the four-sided pattern, 
the sides perpendicular to the pipe axis will separate while 
the sides parallel to the axis will be drawn together. As 
was shown in FIGURE 6, the closed tangential loop 24 
at the datum plane Will take on an elliptical con?gura 
tion with the transverse axis parallel to the pipe axis. 
FIGURES 7 and 8 illustrate an alternative method of 

corrugating the sidewalls 13 of the extending 11 and 
depending 12 hollow conical elements. The corrugations 
25 extend both along 31 and diagonally across 32 the 
sidewalls 18 from one conical element to the next. 

In another embodiment of the present invention, the 
expansible corrugations 5 are formed in only a portion 
of the surface of the material. The corrugations 21 can 
be placed on the surface in a strategic manner to control 
the expansion or contraction as is desired. In this man 
ner, rigidity and ?exibility can be combined. An example 
of such an application would be in the construction of 
a storage tank 40, as shown in FIGURES l0 and 11, 
wherein the diameter of such tanks 40 frequently exceed 
100 feet. The tank ?oor 41 is provided with a belt 42 
of plane expandable corrugations around its outer pe 
riphery. The ?oor 41 is then able to expand while main 
taining a solid foundation. 

In the construction of a cryogenic storage tank 40 hav 
ing a 100 foot diameter it is necessary to compensate 
for a vast temperature change. Such a tank 40 may 
be built at an outdoor temperature of approximately 60° 
F. and is expected to contain liquids at —40° F. Assum 
ing the coe?icient of expansion of aluminum to be 
2X10“5 inches/degree, the radial thermal deformation 
could be expected to be at least 1.2 inches (1/2 diameter 
X100“ X2><1O~5. 
Using a tank ?oor 41 with a 10 foot belt 42 of expan 

sible corrugations of the hexagonal type, the entire de 
formation would easily be absorbed. ' 
Where the structure, by necessity, is to be constructed 

of numerous plates welded together, it may be preferred 
to place the plane expansible corrugations 5 as shown in 
FIGURE 13. The edges 51 of the plate 50 would then 
be uniform and adaptable to welding. 
Where the plate 50 is to be nested with another plate, 

or is to be employed individually, the embodiment of 
FIGURE 14 is preferred. The plane expansible corruga 
tions 5 are situated along the edge 51 of the plate 50. 

In still another alternative embodiment of the present 
invention, the extending 11 and depending 12 frusto coni 
cal elements are of a varying distance from the datum 
plane 10. The frustum 23 or apex 26 of the extending 
11 elements may be of a greater or lesser distance from 
the datum plane 10 than the frustum 23 or apex 26 of the 
depending 12 elements. The frustum. 23 or apexes 26 of 
the extending 11 elements may be equidistant from the 
datum plane 10 whereas the frustum 23 and apexes 26 of 
the depending 12 elements may be of varying distance. 
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Such alternative arrangements may be necessary to ac 
commodate adjacent bodies and members or to provide 
a more stable base or structure. 

Plane expansible corrugations can be formed in vir 
tually all materials of construction. Preformed concrete, 
steel columns and aluminum sheeting are obvious exam~ 
ples. Wrapping materials such ‘as aluminum. foil, tin 
foil and paper towels ?nd increased utility when provided 
with plane expandable corrugations. 

Plane expansible corrugations may be formed in the 
surface of structures of virtually any con?guration in 
cluding, but not limited to, planes, cones, spheres, cyl 
inders or hyperboloids. 
The thickness requirements of the material generally 

need not be altered because of the use of plane expand 
able corrugations. Load requirements remain the basic 
factor for determining thickness. 
The foregoing detailed description has been given for 

clearness of understanding only, no unnecessary limita 
tions implied, as modi?cations will be obvious to those 
skilled in the art. 
What is claimed is: 
1. A sheet expansible in all directions comprising: 
a single sheet of a plurality of hollow conical ele 
ments have been formed in a predetermined pattern 
in the surface thereof; 

said conical elements alternately extending from and 
depending from a common datum plane; 

the adjacent extending and depending hollow conical 
elements having common sidewalls and forming points 
of tangency at the datum plane; 

said adjacent extending and depending hollow conical 
elements enclosing substantially non-deformed units 
in the datum plane; 

and said sidewalls of the hollow conical elements be 
ing corrugated. 

2. The structure as described in claim 1 wherein said 
hollow conical elements extend and depend an equal dis 
tance from the datum plane. 

3. A sheet expansible in all directions comprising: 
single sheet of a plurality of hollow conical elements 
have been formed and de?ne a continuous plurality 
of hexagonal groupings; 

said elements alternately extending from and depend 
ing from a common datum plane; 

the adjacent extending and depending conical elements 
having common sidewalls and forming points of 
tangency at the datum plane; 

each hexagonal grouping enclosing a substantially non 
deformed unit in the datum plane; 

and said sidewalls of the conical elements being cor 
rugated. 

4. The structure as described in claim 3 wherein said 
hollow conical elements extend and depend an equal 
distance from the datum plane. 
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