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(57) Abrégée/Abstract:

A storage rack has upright columns supporting vertically cambered beams having step box or channel shapes accommodating a
generally horizontal deck for carrying pallets and product loads. The beams have upward cambers or convex curvatures that
Increase the load carrying capacity of the rack.
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ABSTRACT OF THE DISCLOSURE

A storage rack has upright columns supporting vertically cambered beams having step
box or channel shapes accommodating a generally horizontal deck for carrying pallets and
product loads. The beams have upward cambers or convex curvatures that increase the load

carrying capacity of the rack.
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PALLET RACK WITH CAMBER BEAMS

FIELD OF THE INVENTION

[0001] The invention is in the art of storage racks for accommodating products and pallets for
holding products and containers. The paniéulai‘ lstorage racks of the invention have upright

columns and beams attached to the columns with boltless or bolted connectors.

BACKGROUND OF THE INVENTION
[0002] Pallet ;acks are ig pdmmon use in product dishjbution centers, product and parts
étoreroonis, and rétail hbme center and food stores. The pallet racké have upriéht tubular- or
channel columns supporting straight horizontal beams‘;‘ 'Cfoss beamg and decks 'mduﬁted on the
horizontal beams are uéed to support pallét laé;dé and products. Ihé s&gngth and ﬂgidity of
pallet racks have been increased by using closed tuBular 'steel' columns and tubular high strength
‘ steel horizontal bearhs. - Additional paliet réck ‘strength‘ has 5éen échieﬁed by increasing the size
and weight of tile columns and horizontal beams. This increases the mmiufaétuﬁﬁg costs and
weight of the pallet racks an'(i shipping cost of columns and horizogtal beams to the agse_mbly
locations. Increasing the size of the columns ._a'nd.horiz,ontal Eéams‘ dqeé not 'uti:liié‘a'l.l of the :
intrinsic strength of the steel of these structures. Bﬁilding and desigp codes limit tLhe amount of
load wéight that cgr.l‘be sﬁpported by a ﬁorizpntal bgar;i of a pa]let raéic. ’Ifhe\ maxnnum IOjad
welight on a horiipntai beam 1s 'd.ét_e':ﬁnirﬁi_ed.by'the bea_ﬁfs downwa_fd d.eﬂe'{:t‘i‘on or flexing from 2 .
straight or linear ho'rizcintal‘shapetb a ciownward con¢avé shape. The max1mum deflection 1s -

equal to 1/ 180th of the length or span of the beam.
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SUMMARY OF THE INVENTION

[0003] The storage rack of the invention has elongated beams attached to upright columns with
connectors. The beams have cambers or upward convex curvatures along the lengths thereof.
The upward convex curvatures of the beams increas;-:s the local carrying capacity of the beams.
In use, a portion of the weight of the load on the beams 1s taken up by the amount of weight
required to overcome or flex the beams toward é linear straight shape. The upward cambers of
the beams establishes additional useable deflection of the beams which increases the amount of
load weight that can be sﬁpported on the beams to make the beams -deﬂect to 1/180th of the
spans of the beams below a horizontal plane. The load carrying capacity of the rack is increased .
without increasing size and weight of the beams and columns supporting the beams.

[0004] A preferred embodiment of the storage rack has a first upright frame having a pair of
connected upright columns laterally spaced from a second upright frame having a pair of
connected upright columns. A pair of parallel beams for supporting a load extend between the
first and sécond pairs of columns. Each beam has a step box shape and a camber or an upward
convex curvature along the entire length l thereof. An example of the convex curvature is a
curvature of 1/32 inch for each foot of beam length. An eight-foot begrn has a ¥4 inch space
between the center of the beam and a horizontal plane. The beams are deformed from linear
straight step boﬁc steel beams 1nto beams having upward convex curvatures. A deck extehds
between and is mounted on the parallel beams. The load capacity of pa}lets on the deck and
beams is increased over conventiénal-horizontal beam ragks as a portion of the weight of the load
is taken up by the @omt 6f load wei ght requi;;ed‘ to 6vercon‘le' the camb'ers. or convex curvature
Qf the beams toward straight and concave configurations. Boltless connectors secured to

opposite ends of each beam have a plurality of studs with heads that COoperaté with keyhole slots

.
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in the columns to releasably connect the beams to the columns. In an alternative embodiment of
the storage rack, the beams are channel members having cambers or upward convex curvatures
along the entire length thereof. Connectors secured to opposite ends of the beams are secured
with bolts to upright columns. The ﬁpward cambers of the béams creates additional useable
deflection requiring additional load weight to deflect the beams to a horizontal shape and further

to a concave shape up to 1/180th the span of the beams below a horizontal plane.
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DESCRIPTION OF THE DRAWING

[0005] Figure 1 is a perspective view of a storage rack having cambered beams connected to

upright frames having a pair of columns;

Figure 2 is an enlarged foreshortened sectional view taken along the line 2-2 of Figure 1;

Figure 3 is an enlarged sectional view taken along line 3-3 of Figure 2;

Figure 4 is an enlarged foreshortened side elevational view of a cambered beam of the

storage rack of Figure 1;

Figure 5 is a top plan view of Figure 4,
Figure 6 is an enlarged sectional view taken along line 6-6 of Figure 2,
Figure 7 is a sectional view taken along line 7-7 of Figure 6;

Figure 8 is a foreshortened top plan view, partly sectioned, of a modification of the

cambered beam connected to upright columns;

Figure 9 is a foreshortened side elevational view of the cambered beam of Figure ;

Figure 10 is an enlarged side elevational view of an end of the cambered beam of

Figure 9 secured to an upright column;

Figure 11 is a sectional view taken along line 11-11 of Figure 10; and

Figure 12 is a sectional view taken along line 12-12 of Figure 10.

DESCRIPTION OF THE INVENTION

[0006] A storage rack 10, shown in Figure 1, used in retail aﬁd warehouse cnvirogments for
storing products and pallets 11 and 12 SUppbrtingCOntainerS or caﬁgns 'qontainilig prOdu‘cts. -
Rack 10 has upright frames having columns or posts 16, 17, 18 and 19. Each column has

vertical rows of keyhole slots. Columns 16-19 are tubular metal members having continuous
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weld construction which provides more torsional strength than roll formed U-shaped rack
columns. The upright frames have cross members 21 extended between and secured with welds
to columns 16 and 17. Cross members 22 extend between and are secured with welds to
columns 18 and 19. The adjacent upﬁght frames and columné 16, 17 and 18, 19 are identical in
structure. Additional frames can be used to extend the length of the storage rack. The vertical
length of columns 16-19 can vary to increase the number of rack shelves. The size of columns
16-19 can be changed to increase their structural strength. The columns can be upright channel
members, H-shaped, T-shaped, I members, semi-cylindrical or ~cylindrical rhembers.

[0007] Front columns 17 and 19 are in positions where they might accidentally be hit with
product handling vehicles, such as fork hifts. The metal tubular Conﬁgllration of cqlumns 17 and
19 reduces deformation in the direction of impact forces applied thereto. Lower portions of
column 17 and 19 are guarded with column protectors 23 and 24. Protectors 23 and 24 having
upright V-shaped bodies releasable mounted and locked on columns 17 and 19. Other types of
column prétectors can be used to protect colur‘nns‘ 17 and 19 from impact forces caused by
product handling vehicles.

[0008] Upper camber beams 26 and 27 and lower camber beams 28 and 29 extend between the
first énd second frames are connected té columns 16-19. As_ shown in IFigure 2, releasable
connectors 31 and 32 secured with .Welds to opposite ends of beam 28 are releasably mounted on
columns 16 and 18. Releasable connectors 33- and 34 moﬁnt opposite ends of beam 29 to _
columns 17 and 19. Studs, bolts and other types of fasteners secure coi;mectors 33 and 34 to .
céiumns 17 and 19.

[0009] A deck comprising a grid of crossed rods 37 and 38 extended between and mounted_ on

beams 26 and 27 supports pallets 11 and 12 and other products on rack 10. Cross plates, bars,
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sheet metal panels, and plywood sheets can be used as decks supported on beams 26 and 27. The
use of the deck with beams 26 and 27 1s optional as loaded pallets can be supported directly on

the beams.

[0010] Referrning to Figures 2, 3, 6 .and 7, connector 33 has right angle flanges or plates 49 and
50 located in flat surface engagement with adjacent sides of column 17. A continuous weld 51
secures the end of beam 29 to plate 49. Plate 49 has vertically spaced holes 52 and 53 and slots
54 and 56 for accommodating connectors or fasteners useable to secure beam 29 to columns
having different sizes and keyhole patterns. As shown in Figure 6 and 7, column 17 has a
keyhole slot 57 in its wall facing plate 50. The remaining keyhole slots in column 17 have the
same shape as keyhole slot 57. A rivet Or stud 59 joined to an enlarged head 61 is press formed
nto holes 1n plate 50. Other types of fasteners can be used to secure stud 59 to plate 50. Body
59 extends through slot 57 having a downwardly and inwardly inclined axis 58. Connector 33 is
mounted on column 17 by inserting head 61 through the upper large end of keyhole slot 57 and
then moviﬂg Connector 33 downwafdly along the incl_ined axis 58 of keyhole slot 57. When head
61 engages the inside of éolumn 17 connector 33 is mounted on column 17. Three connecting
studs or rivets are used to fnount connector 33 on column 17 to increase the weight carrying
strength of connector 33. The number of studs used to mount connector 33 on column 17 can be
two or more studs. Alternatively, bolts can be used to secure connector 33 to column 17. The
connecting studs cooperate with the keyhole slots in column to provide a secure asSembly which
is achieved without the use of l.oolts and tools. Releééa‘ble latches 60 on the connectors 33‘ aﬁd 34_
cooperate with the columns 17 a;id 19 to prevenf inadvertent releasl’g‘ of the connectors from the

‘columns.
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[0011] As shown in Figure 3, camber beam 29 1s an elongated tubular metal member having a
cross section step box configuration comprising a transverse bottom wall 39 and top wall 41
joined with an upright side wall 42. The inner edge of wall 39 is joined to an inside upright wall
43. Angle orientated walls 44 and 46 are joined to walls 41 énd 43. A rounded cornér 47 joiﬁs
walls 44 and 46. The angle 48 between walls 44 and 46 is less than 90 degrees. Wall 44 SlOpeS.
downwardly and inwardly in an upright direction. The slope of wall 44 1s about 5 degrees
relative to a vertical plane. The slope or upright incline of wall 44 can vary or be parallel to wall
42. Camber beam 28 has the same si:ructure as camber beam 29.

[0012] Camber beam 29, shown in Figure 4, has an upward convex curvature or camber along its
length relative to a horizontal plane shown as a broken line 30 in Figure 4. The curvatureis a
broad arch of a circle extended along the entire length of the beam. An example of the camber or
upward curvature of beam 29 is 1/32 inbh for each foot of beam length. An eight-foot beam has
a camber of ¥ inch. The vertical distance between ho‘rizontal plane 30 and the center of an
eight-foot“beam is ¥4 inch. The camber or upward convex curvature of beam 28 can vary with
the length, shape and material of the beam. Beam 29 is fabricated from an existing linear or
straight tubular metal member. The tubular metal member is cold worked or préssed to deform
and pre-siress the metal member to a convex curvéd conﬁguration. Beam 28 has the same
upward convei curvaturé or camber' as beam 29. - Camber \beams 28 and 29 increase the load
carrying capacity of rack 10 without any increase in size or weight of the beams. When loads,
such as heavy products on palivets, are placed on camber beams 28 and 29 and/or the deck
mounted on the beamS, a portion of ﬁe wéight of the load is taken up by the amouh"; of weig’h}
required to ow}ercome the cdnvex curvature or bend strength of beams 28 and 29 and mové the

beams toward flat or linear conﬁguratidns or downward concave configurations. When the loads

-7 -

- R PO - ' 0e0s 0 e n® Nt Vo alelns N e s iy s m vas -e® S ruP - - . . — - e &7 2 o w— H : N L r: 2 - . 2 A ARV e g = rran L mem ey g A e e . NPT T A oV Lol e U LY A S e 0 " 0 | L o PR RN WV VIS WA 8 P e e ® B PR Tt e mmiee] A Ly o A AR P R e AR A e A e A Smtagw jmudipg,
W e A e T RS 1 <y ok 1 e Al N A AN A G SRR T AR B A MR 7 g S L YN At I . A A R S T G G R T AN AP i o Mot . ,



CA 02451695 2003-12-02

on camber beams 28 and 29 are removed, the beams 28 and 29 return to their camber shapes as
the loads have insufficient weight to deform or exceed the elastic limits of beams 28 and 29. The
upward cambefs of beams 28 and 29 establish additional useable deflection of the beams which
increases the amount of load weight that can be supported on the beams Before they deflect
downward to 1/180th of the span of the beams below a horizontal plane.

[0013] An alternative beam 100 having an upright camber or convex configuration along its
entire length is shown 1n Figures 3 to 12. Beam 100 arches upwardly from a horizontal plane
shown as a broken line 101 in Figure 9. The curvature of beam 100" is along an arc of a circle
extended along the span or length of beam 100. As seen in Figure 11, beam 100 1s a channel
member having horizontal parallel flanges 102 and 103 joined to a flat upright base 104. Beam
100 can have other shapes such as I-beans or T-beams. Connectors 106 and 107 are secured with
welds 108 to opposite ends of beam 100. Connectors 106 and 107 are identical structures.
Figures 10 to 12 show the detailé of connector 106. Connectors 106 and 107 are right angle
members éecmed with bolts 109, 110, and 111 upnight cqlumn or posts 112 énd 113. Columns
112 and 113 are part of upright frames located at opposite ends of beam 100. As shown in
Figure 10, column 112 has vertical rows of holes 114 and 116 for accommodating the bolts 109-
111 that retain the right angle connector 106 in. surface engagement with adjacent flat surfaces of
column 112. The side ﬂanges of column 112 has additional holes 117 for additional bolts for
attaching connector 106 to column 112. Connector 106 cah be attached to column 112 with
studs as shown in F igurés 6 and 7. \'

[0014] Pallét racks héve pairé of genérally pa;alleL beams, such as Beam 100, attached td upﬁght
columns or p-osts of upright ﬁ'ames. Cémber beams 100 in the pallet racks increase the load

weight carrying capacity of the rack without any increase in the size or weight of the beams.

. . . . < 0 8 Y cmm g 4 mmee = e | PIRe Pe e, PPN Y Ve L NG SRt r b A R L 1 AN I g TR WA, A N WO MM AL Ay r v obd oy s wbecem s s Byt S e A (T A b WS L e, RS A S e AR AR Ly B LAY B 1 s A AL
wou Ty ~"‘4:5"';:,:,x'>‘:~'?.a-,2:;!.‘5\-:’:5;':‘15‘»*.w».-‘rew-zcn‘iz»-wM?«%r««m:*—*«vmquﬁi&‘.iiy-i“i:-x:'m’&xﬁﬁ‘lwwgwm@mm&m;&wg&g@yd@@myggmg N RATE A8 N IR ' e s NI AT P NE W v WA NS ML S 12 Dl T O S I T VM T30 R R B LA ARy i et g .



CA 02451695 2003-12-02

When loads, such as heavy products on pallets, are placed on camber beams 100, a portion of the
weight of the load is taken up by the amount of weight required to overcome the convex
curvatﬁre or bend stréngth of beams 100 and move the beams toward concave curved
configurations. When the loads on camber beams 100 are rerﬁoved, the beams 100 return to their
camber shapes as the loads have insufficient weight to deform 61' exceed the elastic limits of
beams 100. The upward cambers of beams 100 establish additional useable deflection of the
beams which increases the amount of load weight that can be suppérted on the beams before they
deflect downward to 1/180th of the span of the beams below a horizontal plane.

[0015] Preferred embodiments of the storage rack with camber beams has been illustrated and
described. Changes in structures, shape of the cambered beams, the camber arc of the beams,
arrangement of structures and combinations of parts and connections may be made by persons

skilled in thé art, without departing from the invention.
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- The invention claimed is:

1.

"

A storage rack comprising:

first upright frame having a first pair of upright columns,

a second upnght frame having a second pair of upright columns taterally spaced
from the first pair of upright columns, ‘
at least one pair of beams for supporting a load extended horizontally between
said first and second pairs of upright columns, each of saidbeams IS a ohe—piece
tubular box heam having generally horizontal step portion having opposite ends,
said box beam is a linear straight one-piece tubular box beam cold pressed
deformed into a beam having an upward convex curvature along the length
thereof, a deck extended between and supported on the step portion of each
beam for accom'modatir;g a load whereby a portion of the weight of the load on
the deck is taken up by the amount of weight required to bend the convex curved
beam downward toward a generally linear horizontal configuration, and
connectors attaching the ends of the beams to the first and second columns.

The rack of claim 1 wherein: said upward convex curvature of each beam is an

“arc of a circle.

3.

The rack of claim 1 wherein: said upward convex curvature of each beam is

about 1/32 inch for each foot of beam length along the length of the beam.

4.

The rack of claim 1 wherein: said connectors and columns have cooperating

members and openings to releasably attach the connectors to the columns and

" releasable latches to prevent inadvertent release of the connectors from the columns.

10
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5. A storage rack comprising: a first upright frame having a first pair of upnight
columns, é second upnght frame having a second pair of upright columns laterally
spaced from the first paif of upright columns, at least one pair of beams for supporting a
load extended horizontally between said first and second pairs of upright columns, each
of said beams is a channel member having opposite ends, said channel member beaing
cold pressed to deform a linear straight channel member into a beam having an upward
convex curvature along the length thersof, a deck extended between and supported on
the channel member for accommodating a load whereby a portion of the weight of the
load on the deck is taken up by the amount of weight required to bend the convex
curved beam downward toward a generally linear horizoﬁtal corifiguratioh. connectors
releasably attaching the ends of the channel members to the first and second' columns,
and releasable latches to prevent inadvertent release of the connectors from the
columns.
6.  The rack of claim 5 wherein: said connectors and columns having cooperating
members and openings fot releasably mounting the cohnectors on the columns.
7. A storage rack compnsing:
- first and second upright columns Iateraliy spaced from each other,

beam means for supporting a load extended between sald first and second

columns, said beam meéns having elongated beams with upward convex

curvatures along the léﬁéths thereof, each of said beams is a linear straight

beam cold pressed deformed into a beam having said upward conveXx curvature

along the length of the beam whereby a portion of the weight of the load on the

beams is taken up by the amount of weight required to overcome thé convex

11
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curvatures of the beams, and connector means for mounting the beam means on
the first and second columns.
8. The rack of claim 7 wherein: sald upward convex curvature of each beam is

about 1/32 inch for each foot of beam length.

9. The rack of claim 7 wherein: each beam |s a step box beam.

10.  The rack of claim 7 wherein: each beam is a channel member.
11.  The rack of claim 7 wherein: each of sald beams is a one-plece step box beam
deformed from a Iinear straight one-piece step box beam into a step box beam having

said upward convex curvature.

12. The rack of claim 7 wherein: each beam is a channel member deformed from a

linear straight channel member into a beam having said upward convex curvature along
the length thereof.
13.  The rack of ¢claim 7 wherein; said connector means and bearm means have

cooperating means for releasably mounting the connector means on the columns and

releasable latches for preventing inadvertent release of the connector means from the

columns.

14. A storage rack comprising:
first and second generally upright columns laterally spaced from each other,
a plurality of generally horizontal one-piece step box beams for supporting loads
extended between said first and second columns, each of the step box beams
having upward convex curvatures of about 1/32 inch for each foat of beam length
along the length thereof, each of said beams is a linear straight beam cold

pressed deformed into a beam having said upward convex curvature along the

12
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length of the beam whereby a portion of the'welght of 't.he load on the step box

beams is taken up by the amount of weight required to overcome the convex

curvatures of the step box beams, and
connectors on the step box beams operable to attach the step box beams 1o the
upright first and second columns.
15.  The rack of claim 14 wherein: said connectors and columns having cooperating
means for attaching the connectors to the columns.

16. The rack of claim 14 including: a deck for supporting a load mounted on said step

box beams.

13
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