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BIN SIDEWALL PANEL CONCEPT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Utility Application No.
12/409,104, filed 23 March 2009, and, U.S. Provisional Application No.
61/038,845, filed 24 March 2008. The entire disclosures of the above

applications are incorporated herein by reference.

FIELD
[0002] The present disclosure relates to storage bins, and more

specifically to a sidewall structure of a storage bin.

BACKGROUND

[0003] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0004] Commercial storage bins for materials such as grain may
include a roof and a wall structure formed from a number of corrugated sheets
and vertical column members. The column members may generally support the
roof and the corrugated sheets may support an internal pressure (or outward
radial force) applied by the material stored within the storage bin. The column
members may additionally support a load applied on the corrugated sheets due
to friction applied to the sheets by grain.

[0005] As the storage capacity of a storage bin increases as a result of
increased bin height and diameter, the hoop tension applied to the wall structure
may increase due to an increased internal pressure (creating an outward radial
force) within the storage bin resulting from an increased mass of the stored
material. Typical commercial storage bins may include corrugated sheets having
a material thickness of 4.2 millimeters (mm) or less (8 gauge material). When
bin size increases, the overall material thickness of the corrugated sheets may
be increased in order to accommodate the increased hoop stress. Therefore,
multiple corrugated sheets may be laminated to provide the increased material
thickness. The outward radial force may additionally increase the downward
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force on the sheets (e.g. due to friction), which may be amplified by the
corrugated surface of the sheets.

SUMMARY

[0006] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its essential features, full scope or all
possible features.

[0007] A storage bin may include a corrugated outer sidewall, a
generally flat inner sidewall, and a first fastener. The corrugated outer sidewall
may support a portion of the hoop tension load provided by a material within the
storage bin and may include a series of horizontally extending corrugations
forming alternating grooved portions defining alternating circumferentially
extending radially inner and outer ridges vertically spaced from one another
along a vertical extent of the outer sidewall. The corrugated outer sidewall may
define a first aperture. The generally flat inner sidewall may support a portion of
the hoop tension load, abut the radially inner ridges, and define a second
aperture. The first fastener may extend through the first and second apertures
and may couple the inner and outer sidewalls to one another.

[0008] In another arrangement, a storage bin may include a corrugated
outer sidewall, a generally flat inner sidewall, and a first fastener. The
corrugated outer sidewall may include first and second corrugated sheets having
horizontally extending corrugations forming alternating grooved portions defining
alternating circumferentially extending radially inner and outer ridges vertically
spaced from one another along a vertical extent of the outer sidewall. A
horizontal end of the first corrugated sheet may define a first aperture and a
horizontal end of the second corrugated sheet may define a second aperture.
The generally flat inner sidewall may include first and second generally flat
sheets abutting the radially inner ridges. A horizontal end of the first flat sheet
may define a third aperture and a horizontal end of the second flat sheet may
define a fourth aperture. The horizontal ends of the first corrugated sheet and
the first flat sheet may overlap the horizontal ends of the second corrugated
sheet and the second flat sheet (to form a vertical seam). The first corrugated
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sheet and the first flat sheet may extend in a first horizontal direction and the
second corrugated sheet and the second flat sheet may extend in a second
horizontal direction opposite the first horizontal direction. The second corrugated
sheet may be located radially between the first corrugated sheet and the first flat
sheet and the first flat sheet may be located radially between the second
corrugated sheet and the second flat sheet. The first fastener may extend in
order, first through the first aperture, then through the second aperture, then
through the third aperture, and then through the fourth aperture to couple the
inner and outer sidewalls to one another.

[0009] In another arrangement, a storage bin may include a corrugated
outer sidewall, a generally flat inner sidewall, a first fastener, a column member,
and a roof assembly. The corrugated outer sidewall may form an outer hoop
supporting a portion of a hoop tension load provided by a material within the
storage bin and may include a series of horizontally extending corrugations
forming alternating grooved portions defining alternating circumferentially
extending radially inner and outer ridges vertically spaced from one another
along a vertical extent of the outer sidewall. The corrugated outer sidewall may
additionally define a first aperture. The generally flat inner sidewall may form an
inner hoop supporting a portion of the hoop tension load and defining a second
aperture. The first fastener may extend through the first and second apertures
and may couple the inner and outer sidewalls to one another. The column
member may be fixed to the inner and outer sidewalls and may support a vertical
load of the storage bin. The roof assembly may be supported by the column
members. The overall radial material thickness of the combined inner and outer
sidewalls may be greater at a region near a base of the storage bin than at a
region near the roof assembly.

[0010] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.
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DRAWINGS

[0011] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0012] Figure 1 is a schematic illustration of a storage bin according to
the present disclosure;

[0013] Figure 2 is a fragmentary perspective view of the sidewall
assembly of the storage bin of Figure 1;

[0014] Figure 3 is a fragmentary perspective exploded view of the
sidewall assembly shown in Figure 2;

[0015] Figure 4 is a fragmentary section view of the sidewall assembly
of the storage bin of Figure 1;

[0016] Figure 5 is a section view of a fastening arrangement of the
sidewall assembly of Figure 1;

[0017] Figure 6 is a fragmentary section view of an alternate sidewall
assembly according to the present disclosure; and

[0018] Figure 7 is a fragmentary section view of the sidewall assembly
of the storage bin of Figure 1.

DETAILED DESCRIPTION

[0019] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses. It should be
understood that throughout the drawings, corresponding reference numerals
indicate like or corresponding parts and features.

[0020] With reference to Figure 1, a storage bin 10 is illustrated.
Storage bin 10 may be used for storing a variety of materials including grain.
Storage bin 10 may include a roof assembly 12 fixed to a sidewall assembly 14.
With additional reference to Figures 2-4, sidewall assembly 14 may include inner
panels 16, outer panels 18, column members 20, and first and second fastener
assemblies 21, 22. Alternatively, storage bin 10 may be constructed without the
use of column members 20.

[0021] Inner panels 16 may form an inner sidewall and may include a
series of generally flat panels having apertures 24 extending therethrough. The
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inner sidewall may form a plurality of inner hoops of the storage bin 10. Inner
panels 16 may form an interior of storage bin 10, providing a generally smooth
interior surface for storage bin 10. The generally smooth interior surface formed
by the inner panels 16 may reduce the frictional load (or force) applied to the
sidewall assembly 14 by the material contained therein. For example, as seen
in the drawings, the vertical ends of adjacent inner panels 16 may form a
horizontal seam having a butt joint connection. During construction a small gap
may initially exist between the vertical ends of adjacent inner panels 16, which is
eliminated as a result of subsequent vertical loading.

[0022] Outer panels 18 may form an outer sidewall and may include a
series of corrugated panels having horizontally oriented alternating grooved
portions 26, 27 and apertures 28 extending therethrough. The outer sidewall
may form a plurality of outer hoops of the storage bin 10. For example, adjacent
outer corrugated panels 18 may overlap at their vertical edges to form a
horizontal seam having a lap joint. A series of fasteners may be provided to
form a generally continuous connection along such a horizontal seam. Grooved
portions 26 may define radially outer ridges 29 and grooved portions 27 may
define radially inner ridges 31. Radially inner ridges 31 may abut inner panels
16.

[0023] Inner and outer panels 16, 18 may be formed from similar or
different materials. For example, outer panels 18 may be formed from
galvanized steel and inner panels 16 may be formed from a stainless steel.
Additionally, while shown as corrugated panels having generally smooth grooved
portions 26, 27, it is understood that outer panels 18 may take a variety of forms
including alternating square channels and alternating V-shaped channels.

[0024] Column members 20 may include a series of apertures 30 and
may be located on an exterior of storage bin 10 to form a vertical support for roof
assembly 12. In an alternate arrangement shown in Figure 6, column members
120 may be located within storage bin 110 and may abut inner panels 116.
Storage bin 110 may be similar to storage bin 10 with the exception of the

location of column members 120. In either case, the outer panels 18 and the
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column members 20 can be the primary vertical load path at any horizontal
seams.

[0025] Referring to Figures 3 and 4, inner and outer panels 16, 18 may
be fixed to one another and to column members 20 using first and second
fastener assemblies 21, 22. More specifically, outer panels 18 may be located
radially between inner panels 16 and column members 20. For example, as
seen in Figure 3, one of apertures 24, 28 in each of inner and outer panels 16,
18 may be aligned with one another and with an aperture 30 in column member
20. First fastener assembly 21 may fix inner and outer panels 16, 18 to column
member 20. The inner and outer panels 16, 18 may both support the hoop
tension from the radial load (or internal pressure) provided by the material within
the storage bin 10. The hoop tension load created by the radial load (or internal
pressure) on the sidewall assembly 14 may be shared by the inner and outer
sidewalls.

[0026] First fastener assembly 21 may include a fastener 32, having a
head 34 and a threaded shank 36, and first and second nuts 38, 40. An exterior
surface of grooved portion 26 (radially outer ridge 33) may abut column member
20 and an interior surface of grooved portion 27 (radially inner ridge 31) may
abut inner panel 16. Fastener 32 may pass through apertures 24, 28, 30. Head
34 may abut an outer radial surface of column member 20. First nut 38 may be
located radially between and may abut inner and outer panels 16, 18 and may
be engaged with threaded shank 36. Second nut 40 may be engaged with
threaded shank 36 and may abut an inner radial surface of inner panel 16.

[0027] Second fastener assembly 22 may include a fastener 42,
having a head 44 and a threaded shank 46, and a nut 47. Head 44 may be
located radially inward relative to column member 20 and may engage an outer
radial surface of grooved portion 27. Threaded shank 46 may pass through an
aperture 28 extending through grooved portion 27 and through a corresponding
aperture 24 in inner panel 16. Nut 47 may be engaged with threaded shank 46
and may abut an inner radial surface of inner panel 16 to fix inner and outer
panels 16, 18 to one another. It is understood that a variety of alternate fastener
assemblies may be used in place of first and second fastener assemblies 21, 22,
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such as rivets. It is understood that numerous first and second fastener
assemblies are used throughout bin 10 to fix inner and outer panels 16, 18 to
one another and to column member 20. For example, the inner panels 16 and
outer panels 18 may be connected to each other by first and/or second fastener
assemblies 21, 22 throughout the sidewall 14. Further, it is understood that the
number of inner panels 16 used may vary based on the location within bin 10.

[0028] For example, a single inner panel 16 and a single outer panel
18 layer may be used to form a radial extent of the sidewall assembly 14 of bin
10. Alternatively, multiple inner panels 16 may be used in an overlapping
construction to increase the hoop strength of sidewall assembly 14 of bin 10.
Bin 10 may have a lesser radial load (or internal pressure) applied by a material,
such as grain, contained within bin 10 at a location near roof assembly 12
relative to a base of bin 10. Therefore, the overall material thickness of a ring (or
first hoop region) of sidewall assembly 14 near the base of bin 10 may be
greater than the overall material thickness of a ring (or second hoop region)
located near roof assembly 12.

[0029] As indicated above, the increased radial material thickness may
be created by overlapping inner panels 16. Figures 2 and 3 illustrate multiple
inner panels 16 overlapping to create the increased radial material thickness of
the first hoop region of sidewall assembly 14. Alternatively, a single layer of
inner panels 16 having an increased material thickness may be used to form a
ring of sidewall assembly 14.

[0030] As a result, a single layer of outer panels 18 may be used to
form sidewall assembly 14. Rather than laminating a series of corrugated outer
panels 18, the number or thickness of inner panels 16 may be adjusted to
accommodate a desired radial load (or internal pressure). For example, bin 10
may have a diameter greater than 30 meters (m) and may have a single layer of
corrugated outer panels 18 having a radial material thickness of 4.2 millimeters
(mm) or less. Inner panels 16 may have a radial material thickness at a location
near the base of bin 10 of greater than 5.0 mm. The thickness may be achieved
by using a single layer of inner panels 16 having the desired material thickness
or by an overlapping arrangement, such as a laminated assembly. In another
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arrangement, the increased material thickness may be created by overlapping
outer panels 18.

[0031] Additionally, seam locations where adjacent inner panels 16
and adjacent outer panels 18 are coupled to one another may be arranged to
reduce a shear load on first and second fastener assemblies 21, 22. Figure 5
illustrates an arrangement between inner and outer panels 16, 18 and second
fastener assemblies 22. The arrangement of Figure 5 may generally provide for
an alternating shear load applied along an axial extent of fasteners 42.

[0032] A firstinner panel 16a may have a horizontal end overlapping a
horizontal end of a second inner panel 16b (to form a vertical seam). First inner
panel 16a may extend in a first direction (D1) from fasteners 42 and second
inner panel 16b may extend in a second direction (D2) generally opposite the
first direction (D1) from fasteners 42. Similarly, a first outer panel 18a may have
a horizontal end overlapping a horizontal end of a second outer panel 18b (to
form a vertical seam). First outer panel 18a may extend in the first direction (D1)
from fasteners 42 and second outer panel 18b may extend in the second
direction (D2) from fasteners 42. Second outer panel 18b may be located
radially inward from first outer panel 18a, first inner panel 16a may be located
radially inward from second outer panel 18b, and second inner panel 16b may
be located radially inward from first inner panel 16a. First and second inner
panels 16a, 16b may define apertures 24a, 24b aligned with apertures 28a, 28b
in first and second outer panels 18a, 18b. Fasteners 42 may be located within
apertures 24a, 24b, 28a, 28b. Therefore, the shear force applied to fastener 42
may alternate between the first and second directions (D1, D2) along the axial
extent of fastener 42.

[0033] Additionally, as seen in Figure 7, inner panels 16 may include
protrusions 48 extending radially outward therefrom. The protrusions 48 may
abut the radially inner ridges 31 forming vertical communication paths 50
between adjacent ones of grooved portions 26. Vertical communication paths 50
may prevent the retention of moisture within the grooved portions 26 during
extreme conditions where temperatures vary greatly between the inside of the
storage bin 10 and the surrounding atmosphere.
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[0034] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the invention, and all such modifications are intended to be included within the

scope of the invention.
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CLAIMS

What is claimed is:

1. A storage bin comprising:

a corrugated outer sidewall supporting a portion of a hoop tension
load provided by a material within the storage bin and including a series of
horizontally extending corrugations forming alternating grooved portions defining
alternating circumferentially extending radially inner and outer ridges vertically
spaced from one another along a vertical extent of the outer sidewall, the
corrugated outer sidewall defining a first aperture;

a generally flat inner sidewall supporting a portion of the hoop
tension load, abutting the radially inner ridges and defining a second aperture;
and

a first fastener extending through the first and second apertures

and coupling the inner and outer sidewalls to one another.

2. The storage bin of claim 1, wherein the corrugated outer sidewall
includes first and second corrugated sheets and the inner sidewall includes first
and second flat sheets, the first corrugated sheet extending in a first horizontal
direction and including a first horizontal end portion defining the first aperture,
the first flat sheet located radially between the second corrugated sheet and the
second flat sheet, extending in the first horizontal direction, and including a
second horizontal end portion defining the second aperture, the second
corrugated sheet located radially between the first corrugated sheet and the first
flat sheet, extending in a second horizontal direction opposite the first horizontal
direction, and including a third horizontal end portion defining a third aperture,
and the second flat sheet extending in the second horizontal direction and
including a fourth horizontal end portion defining a fourth aperture, the fastener
passing through the first, second, third, and fourth apertures and coupling the

outer sidewall to the inner sidewall.

10
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3. The storage bin of claim 1, wherein the inner sidewall includes a
protrusion extending radially outward therefrom and abutting one of the radially
inner ridges creating a vertical communication path between adjacent grooved
portions facing the inner sidewall.

4. The storage bin of claim 1, wherein the inner sidewall includes first
and second hoop regions along a vertical extent thereof, the first hoop region
being located between the second hoop region and a base of the storage bin
and defining an overall inner sidewall material thickness greater than an overall

inner sidewall material thickness of the second region.

5. The storage bin of claim 4, wherein the first hoop region includes
first and second flat sheets overlying one another to form the overall increased
sidewall material thickness relative to the second hoop region.

6. The storage bin of claim 1, wherein the first aperture extends
through one of the radially inner ridges.

7. The storage bin of claim 6, wherein the fastener includes a head, a
threaded shank and a nut, the head abutting a radially outer surface of the outer
sidewall and the nut being engaged with the threaded shank and abutting a

radially inner surface of the inner sidewall.
8. The storage bin of claim 1, further comprising a column member
fixed to the inner and outer sidewalls and supporting a vertical load of the

storage bin.

9. The storage bin of claim 8, wherein the column member is located
radially outside of the outer sidewall and fixed thereto.

10.  The storage bin of claim 9, wherein the column member includes a
third aperture, the fastener including a head, a threaded shank, and first and

11
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second nuts, the first aperture extending through one of the radially outer ridges,
the threaded shank extending through the first, second, and third apertures, the
head abutting an outer radial surface of the radially outer ridge, the first nut being
threaded on the shank between the inner and outer sidewall, and the second nut
being threaded on the shank and abutting a radially inner surface of the inner
sidewall.

11.  The storage bin of claim 8, wherein the column member is located
radially inside of the inner sidewall and fixed thereto.

12.  The storage bin of claim 8, further comprising a roof assembly
supported by the column members.

13.  The storage bin of claim 1, wherein the inner and outer sidewalls

are generally cylindrical.

14. A storage bin comprising:

a corrugated outer sidewall including first and second corrugated
sheets having horizontally extending corrugations forming alternating grooved
portions defining alternating circumferentially extending radially inner and outer
ridges vertically spaced from one another along a vertical extent of the outer
sidewall, a horizontal end of the first corrugated sheet defining a first aperture
and a horizontal end of the second corrugated sheet defining a second aperture;

a generally flat inner sidewall including first and second generally
flat sheets abutting the radially inner ridges, a horizontal end of the first flat sheet
defining a third aperture and a horizontal end of the second flat sheet defining a
fourth aperture, the horizontal ends of the first corrugated sheet and the first flat
sheet overlapping the horizontal ends of the second corrugated sheet and the
second flat sheet, the first corrugated sheet and the first flat sheet extending in a
first horizontal direction and the second corrugated sheet and the second flat
sheet extending in a second horizontal direction opposite the first horizontal
direction, the second corrugated sheet being located radially between the first

12
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corrugated sheet and the first flat sheet, and the first flat sheet being located
radially between the second corrugated sheet and the second flat sheet; and

a first fastener extending in order, first through the first aperture,
then through the second aperture, then through the third aperture, and then
through the fourth aperture and coupling the inner and outer sidewalls to one
another.

15.  The storage bin of claim 14, wherein the one of the first and
second flat sheets includes a protrusion extending radially outward therefrom
and abutting one of the first and second corrugated sheets.

16.  The storage bin of claim 14, further comprising a column member
fixed to the inner and outer sidewalls and supporting a vertical load of the
storage bin.

17.  The storage bin of claim 16, further comprising a roof assembly
supported by the column members.

18. A storage bin comprising:

a corrugated outer sidewall forming an outer hoop supporting a
hoop tension provided by a material within the storage bin and including a series
of horizontally extending corrugations forming alternating grooved portions
defining alternating circumferentially extending radially inner and outer ridges
vertically spaced from one another along a vertical extent of the outer sidewall,
the corrugated outer sidewall defining a first aperture;

a generally flat inner sidewall forming an inner hoop supporting the
hoop tension and defining a second aperture;

a first fastener extending through the first and second apertures
and coupling the inner and outer sidewalls to one another;

a column member fixed to the inner and outer sidewalls and

supporting a vertical load of the storage bin; and

13
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a roof assembly supported by the column members, the overall
radial material thickness of the combined inner and outer sidewalls being greater

at a region near a base of the storage bin than a region near the roof assembly.

19.  The storage bin of claim 18, wherein the corrugated outer sidewall
includes first and second corrugated sheets and the inner sidewall includes first
and second flat sheets, the first corrugated sheet extending in a first horizontal
direction and including a first horizontal end portion defining the first aperture,
the first flat sheet located radially between the second corrugated sheet and the
second flat sheet, extending in the first horizontal direction, and including a
second horizontal end portion defining the second aperture, the second
corrugated sheet located radially between the first corrugated sheet and the first
flat sheet, extending in a second horizontal direction opposite the first horizontal
direction, and including a third horizontal end portion defining a third aperture,
and the second flat sheet extending in the second horizontal direction and
including a fourth horizontal end portion defining a fourth aperture, the fastener
passing through the first, second, third, and fourth apertures and coupling the

outer sidewall to the inner sidewall.

20. The storage bin of claim 18, wherein the inner sidewall includes a
protrusion extending radially outward therefrom and abutting one of the radially
inner ridges creating a vertical communication path between adjacent grooved

portions facing the inner sidewall.

14
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