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STRUCTURAL ELEMENT COMPRISING CARDBOARD

TECHNOLOGICAL FIELD AND BACKGROUND

The present invention relates to structural elements, in particular elongated load-

bearing elements, comprising cardboard.

WO11067742 discloses a human-powered land vehicle sufficiently rigid so as to
transport a human rider. The vehicle is constructed from pulpably recyclable and

shreddably recyclable materials.

GENERAL DESCRIPTION

The present invention is based on the realization that appropriately formed
cardboard may be shaped into elongated (e.g. rod-like or beam-like) structural elements
that may be used in frames, such as, but not limited to, bicycle frames. In accordance
with the invention, the cardboard so formed may be a cardboard sheet of the kind used
in packaging or shipping, such as a cardboard sheet having an internal layer of a
compressible cellular structure (e.g. formed to have a plurality of cells, for example,
prismatic cells formed by intersecting cardboard strips, honeycombed-shaped cells,
corrugated cardboard, corrugated fiberboard etc.) with an overall relatively low density
that is sandwiched between two substantially planar layers. The sheet may be single-
walled or multi-walled cardboard sheet and may be of the kind known in the art.

The term "corrugated cardboard" refers herein to a heavy-duty paper of various
strengths, ranging from a simple arrangement of a single thick sheet of paper to
complex configurations featuring multiple corrugated and uncorrugated layers.

The term "corrugated fiberboard" refers herein generally to a paper-based
material consisting of a fluted corrugated sheet and one or two flat linerboards. Such

material is widely used in the manufacture of corrugated boxes and shipping containers.
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The invention provides, by a first of its aspects, a structural element comprising
an elongated internal member and an elongated external member enclosing said internal
member. The internal member has an external surface with a rounded circumference,
e.g., circular circumference. The external member is made of cardboard and is shaped to
have a mid-portion with rounded internal surface enveloping at least a portion of the
internal member and in tight association (e.g. glued to) with the external surface of the
internal member, defining, jointly with said internal member, a first, core-envelope sub-
structure. The external surface of said core-envelope sub-structure may be rounded or
may have other contours, particularly where the tight association of its internal surface
to the external surface of said internal member is carried out in a mold where the outer
contours will be shaped by the mold. The external member further has two flanking
portions extending from and integral with the mid-portion facing and contacting one
another to jointly define a second, layered sub-structure. These two integral sub-
structures jointly impart a load-bearing or bend-resistance property to the structural
element that is significantly larger than that of the internal member, e.g. is at least 2, 5,
or even at least 10 folds larger than that of said internal member. In addition, due to
non-uniformity of density or fine structure of the two-member structural element, the
latter has significantly increased load-bearing or bend-resistance property as compared
to a reference structural element having the same length and weight but having single-

body configuration with uniformity of density and fine structure.

By some embodiments the external member is configured from a single sheet of
cardboard, or from two or more, e.g. stacked cardboard sheets. The cardboard sheet
may, by way of non-limited example, be single-walled or multi-walled corrugated
cardboard sheet. The configuration may be such that the external member is a single
cardboard sheet having portions that are deformed to closely follow the external surface
contours of the internal member and are attached thereto and closely follow the external
surface contours of the internal member, such portions with said internal member
defining said first sub-structure that is integral with the second substructure that is
defined by the two opposite flanking portions. Alternatively, the external member may
be configured from two cardboards sheets deformed to jointly define opposite (e.g.

symmetrical) parts of the external member; e.g. the two parts are mirror images of one
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another about a longitudinal plane of symmetry, each one defining half of said mid-

portion and one, respective, flanking portion.

By a second of its aspects, the invention provides a method for manufacturing a
structural element comprising (in the given sequence or in any other): providing (i) an
elongated member having a rounded circumference, and (ii) a single- or multi-sheet
generally planar cardboard structure having first and second opposite surfaces; forming
the cardboard structure to have a mid-portion (namely a portion located somewhere
between opposite edges of the structure) wrapped tightly around said elongated member
and bringing the first surface of said portion to be in close association with external
surface of the elongated member to thereby define a first, core-envelope sub-structure.
The flanking portions, namely the portions flanking the mid portion and extend from it
towards said opposite edges, define a second, layered sub-structure integral therewith.
Typically, the opposite faces of the flanking portions are fixed one to the other. At times
also the mid-portion may be fixed to the external surface of the elongated member. The

elongated member defines an internal member in the finished element.

By some embodiments, the structural element is configured to have a
longitudinal plane of symmetry passing between the two flanking portions. The flanking
portions in such embodiments may be fixed to one another at their first faces. By some
embodiments the structural element has a different thickness at different portions
thereof. Typically where said external member is made of a deformed single-piece
cardboard sheet, the sheet has in its original, non-deformed state a given thickness T
and after deforming, said rounded portion has at its apex thickness T', smaller than T,
and gradually increasing towards said flanking portions that typically have a thickness

T.

In particular, during the folding of the cardboard sheet about the elongated
member, the cardboard sheet becomes mechanically pressed against the elongated
member, thereby partially compressing the internal layer and providing the cardboard
sheet with a smaller thickness T' at the rounded portion. This compression of the
internal layer likely serves to facilitate a more mechanically robust structure of the

structural element.
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By some embodiments, the thickness of the layered sub-structure (e.g. a
thickness of 2xT) is about the same as the diameter of the core-envelope sub-structure.

By other embodiments, the specific weight of the cardboard structure per unit of
surface area within its rounded portion of the core-envelope sub-structure is greater than
that of said flanking portions. This may typically be the result of a deformation-induced
strain or compression (that may lead to compacting) of the cardboard sheet's interior
within the central portion.

By some embodiments, the internal member is made of wood or cardboard.

The structural element may be capable of supporting a load in a direction
perpendicular to its longitudinal axis which is at least 10 times the weight of said

element.

The structural element defines a body of a given geometry and dimension and
may be capable of supporting a load that is at least 10 times greater than the maximum
load that can be supported by a reference element being a single part body made of the
same material as that of said internal member and having said given geometry and

dimension.

By some embodiments the external member at its rounded portion comprises a
single layer of cardboard; although by other embodiments the rounded portion may

comprise two or more layers of cardboard.

By some embodiments the structural element may comprise one or more
reinforcing pins fitted through one or both of the first and second sub-structures.

Typically, the one or more pins are fitted through and across the second sub-structure.

By some embodiments the structural element comprises external coating(s), e.g.
one or more of fire-resistant coating, liquid-resistant coating, scratch-resistant coating

and other environmentally resistant coating(s).

The invention also provides, by another of its aspects, a device comprising one
or more of the above structural elements. The device may be a frame for use, for

example, in a wheeled vehicle, e.g. a bicycle.
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BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that is disclosed herein and to
exemplify how it may be carried out in practice, embodiments will now be described,
by way of non-limiting example only, with reference to the accompanying drawings, in
which:

Fig. 1 is a schematic isometric view of a structural element according to the
invention;

Figs. 2 and 3 are schematic cross-sectional views of two embodiments of a
structural element according to the invention, taken along a plane II-II shown in Fig. 1;

Figs. 4A-4C illustrate schematically the process of forming the structural
element of Fig. 2;

Figs. 5-7 are schematic cross-sectional views of three more embodiments of a
structural element according to the invention; and

Fig. 8 is a schematic illustration of a frame of a bicycle comprising structural

elements according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is made to Fig. 1 showing an elongated structural element 20. The
structural element 20 has a longitudinal axis L, a first, upper, rounded sub-structure 22
extending down from an apex 24, and a second, bottom, essentially rectangular sub-
structure 26 integral with the first sub-structure 22. The external surface of the
elongated structural element 20 is coated by one or more coatings such as a fire-
resistant coating, liquid-resistant coating, scratch-resistant coating and other

environmentally resistant coating(s).

Cross-sections of the structural element in accordance with two examples of the
invention are shown schematically in Figs. 2 and 3, the cross section taken along plane
II-1I of Fig. 1. In both examples, the structural element 20 includes an elongated internal
member 30 and an elongated external member 32 enclosing the internal member 30.
The internal member 30 has an external surface, which in this non-limiting exemplary
embodiment has a rounded circumference, circular in these specific examples; however
other configurations such as oval-, elliptic- or polygonal-like may also be possible. The

internal member 30 is typically made of wood or cardboard.
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The external member 32 is made of cardboard, which may be single-, double-,
or multi-walled corrugated cardboard/fiberboard structure. As can be seen, the external
member 32 has in this exemplary embodiment a rounded mid-portion enveloping the
internal member 30 and being in tight association with the external surface thereof, and
defining, jointly with the internal member 30, the first, core-envelope sub-structure 22.
The two flanking portions 34 extend from and are integral with the rounded portion.
The flanking portions face and contact one another to jointly define a second, layered
sub-structure 26.

In the example of Fig. 2, the flanking portions 34 form a two-layer sub-structure
26, while in the example of Fig. 3 the flanking portions 34 are internally folded to form
together a four-layer sub-structure 26. It should be noted that Figs. 2 and 3 are
schematic in nature and the relative dimensions of D1 and D2 (that for simplicity are
marked in Fig. 2 only) may be different as shown (e.g. D2 may be relatively longer in
comparison to D1 from that shown; etc.). This note on the schematic nature and the

relative dimensions applies also to other embodiments illustrated in the drawings.

As further exemplified by the configuration of Fig. 3, but may also be used in
other configurations e.g. that of Fig. 2, the structural element may include one or more
reinforcing pins such as pin 40. The pin(s) 40 may generally be fitted through the first
sub-structure 22 or second sub-structure 26. Typically, as shown in the figure, the pins

40 are fitted through and across the second sub-structure 26.

As can be seen, the flanking portions are symmetrical to one another with
respect to a longitudinal plane of symmetry which passes between opposite faces 36A
and 36B of the flanking portions 34. The opposite faces 36A and 36B are typically fixed
to one another, e.g. by gluing. Also, the opposite surfaces of the rounded portion 22 and
the external surface of the member 30 may be appropriately fixed to one another, e.g. by

gluing.

Reference is now being made to Figs. 4A-4C illustrating, schematically, steps in
the process for the manufacture of the structural element of the kind shown in Fig. 2. At
a first step shown in Fig. 4A, a corrugated cardboard sheet 50, having a given thickness
T, is brought into contact with an elongated member that in the eventual structural
element constitutes the internal member 30 and accordingly the same reference number

is used to denote this member. Then, as shown in Fig. 4B, the cardboard sheet is
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deformed by pressing it against member 30 to eventually wrap it as shown in Fig. 4C.
The deformation strains the corrugated cardboard sheet 50 and causes it to compress
and therefore its thickness changes along the sheet, with the minimal thickness 7' being
at the apex 24 and gradually increasing towards the edge of the flanking portions which
retain the original thickness T. The combination of the two integral sub-structures 22
and 26, with their different configurations, provides for improved mechanical properties
including increased load-bearing and bend-resistance capacity of the structural element
20. Typically, these improved properties are also a consequence of the non-uniform
density within the structural element resulting from the combination of different
members with different densities, and typically also from the non-uniform density along
the external member. For example, such improved properties provide for at least 2, 5 or
even 10 folds increase of the load-bearing or bend-resistance capacity value as
compared to that of a reference structural element, which has the same overall weight
and length, but, contrary to the structural element of the invention, has substantially

uniform density.

Alternative configurations of the external member 32 are illustrated
schematically in Figs. 5-7. In Fig. 5, the external member 32 is made out of two
corrugated cardboard sheets deformed into two opposite parts 60A and 60B of the
external member. In Fig. 6, as distinct from the configuration of Fig. 5, the flanking
portions are folded in a similar manner as in Fig. 3. In Fig. 7, the cardboard sheet is
wrapped twice about the member 30, once in a similar manner as shown in Figs. 4A-4B,
then the flanking portions are folded in the opposite directions at 62A and 62B to form

another layer about the member 30.

In the configurations shown in Figs. 2, 3, 5-7, the cardboard sheet deformed to
form the external member 22 may be a single-, double-, or multi-walled corrugated

cardboard sheet.

Reference is made now to Fig. 8 exemplifying a part of a bicycle having a frame
70 with a plurality of structural elements 20 configured in accordance with the
embodiments of the invention. It should be understood that the structural elements may
have the same or different configurations embodying the features of the invention. As

can be noted, the structural elements may be configured with different geometries and
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may also be joined to other elements through gluing, by the use of reinforcing pins or by

the use of any other attachment mechanisms.
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CLAIMS:

1. A structural element comprising

an elongated internal member and an elongated external member enclosing said
internal member,

said internal member having an external surface with a rounded circumference,

said external member being made of cardboard and comprising: a rounded
portion enveloping the internal member and being in tight association with the external
surface of the internal member, defining, jointly with said internal member, a first, core-
envelope sub-structure; and two flanking portions extending from and integral with the
rounded portion and facing and contacting one another to jointly define a second,

layered sub-structure.

2. The structural element of claim 1, having a load-bearing or bend-resistance

property that is significantly larger than that of the internal member.

3. The structural element of claim 2, having the load-bearing or bend-resistance

property at least 2, 5, or even at least 10 folds larger than that of said internal member.

4. The structural element of any one of claims 1-3, having a load-bearing or bend-
resistance property at least 2, 5, or even at least 10 folds larger than that of a reference

structural element of the same length and weight but having uniform density.

5. The structural element of any one of claims 1-4, wherein the external member is

configured from a single sheet of cardboard.

6. The structural element of any one of claims 1-4, wherein the external member is

configured from two or more sheets of cardboard.

7. The structural element of any one of claims 1-6, wherein the external member is

made of one or more single- or multi-walled corrugated cardboard sheets.

8. The structural element of any one of claims 1-7, wherein the external member is
configured from a single- or multi-walled corrugated cardboard sheet that is deformed

to define the first and second integral sub-structures.
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9. The structural element of any one of claims 1-7, wherein the external member is
configured from two single- or multi-walled corrugated cardboards sheets deformed to

jointly define opposite parts of the external member.

10. The structural element of any one of claims 1-9, having a longitudinal plane of

symmetry passing between the two flanking portions.

11.  The structural element of claim 8 wherein the two opposite parts of the external
member are mirror images of one another about a longitudinal plane of symmetry
passing between the two flanking portions, each one of the opposite parts defining a half

of the rounded portion and one, respective, flanking portion.

12. The structural element of any one of claims 1-11, wherein the flanking portions

are fixed to one another at their first faces.

13. The structural element of any one of claims 1-12, wherein said external member

has a varying thickness at different portions thereof.

14. The structural element of any one of clams 1-13, wherein said external member

is made of a deformed single-piece cardboard sheet.

15. The structural element of claim 14, wherein said cardboard sheet has in its
original, non-deformed state a given thickness T and after deforming said rounded
portion has at its apex thickness T', smaller than T, and gradually increasing towards

said flanking portions.

16. The structural element of claim 15, wherein the flanking portions have a

thickness T.

17. The structural element of any one of the preceding claims, wherein the specific
weight of the material per unit of surface area within said rounded portion is greater

than that of said flanking portions.

18. The structural element of any one of the preceding claims, wherein said flanking

portions have outer surfaces that are essentially parallel to one another.

19. The structural element of any one of the preceding claims, wherein said internal

member has a circular cross-section.
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20. The structural element of any one of the preceding claims, wherein the internal
member is made of wood or cardboard.

21. A structural element according to any one of the preceding claims being capable

of supporting a load in a direction perpendicular to its longitudinal axis which is at least

10 times the weight of said element.

22, The structural element of any one of the preceding claims, comprising one or

more reinforcing pins fitted through one or both of the first or second sub-structures.

23. The structural element of claim 22, wherein the one or more pins are fitted

through and across the second sub-structure.

24. The structural element of any one of the preceding claims, wherein the structural

element comprises an external coating.

25. The structural element of claim 24, wherein the external coating comprises at
least one of a fire-resistant coating, liquid-resistant coating, scratch-resistant coating and

other environmentally resistant coating.

26. A device comprising one or more structural elements each configured according

to any one of the preceding claims.

27. The device of claim 26 comprising a frame structure formed by said one or more

structural elements.

28. A wheeled vehicle comprising a structural element of any one of claims 1-25.
29. A bicycle comprising a structural element of any one of claims 1-25.
30. A method for manufacturing a structural element comprising (in the given

sequence or in any other):
providing (i) an elongated member having a rounded circumference, and (ii) a
single- or multi-sheet cardboard structure having first and second opposite surfaces;
forming the cardboard structure to have a central portion wrapped tightly around
said elongated member and with the first surface of said portion in close association
with external surface of the elongated member to thereby define a first, core-envelope
sub-structure and have flanking portions that are opposite one to the other to define a

second, layered sub-structure integral therewith.
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31. The method of claim 30, further comprising fixing said central portion to said

elongated member.

32. The method of claim 30 or 31, further comprising fixing opposite faces of the

flanking portions one to the other.

33. The method of any one of claims 30 to 32, comprising compressing or straining

said central portion.

34. The method of any one of claims 30 to 32, comprising compressing or straining
said central portion thereby causing thickness of the central portion to become smaller

than that of said sheet before said forming.

35. The method of any one of claims 30 to 34, wherein the structural element's load-
supporting capacity or its bending-resistance is significantly higher than that of said

elongated member.

36. The method of claim 35, wherein the load-supporting capacity or the bending-
resistance is at least 2, 5, or even at least 10 folds higher than that of said internal

member.

37. The method of claim 30 to 36, comprising inserting one or more reinforcing pins

into one or both of the first and second sub-structures.

38. The method of claim 37, comprising inserting one or more of said reinforcing

pins into and across said second sub-structure.

39. The method of any one of claims 30-38, comprising coating the structural
element.
40. The method of claim 39, wherein said coating comprises applying to the

structural element at least one or more of a fire-resistant coating, liquid-resistant

coating, scratch-resistant coating and other environmentally resistant coatings.



