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(57) Abstract: A racking beam (10) for an open faced racking system, comprising a bearing portion (12) that incorporates a bearing
& surface (13), a guiding portion (16) that is disposed along a first longitudinal edge (14) of the bearing portion, and a stiffening portion
& (18) disposed along a second longitudinal edge (15) of the bearing portion (12). The guiding portion (16) extends upwardly from the
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RACKING BEAM FOR OPEN FACED RACKING
Field of the Invention

The present invention relates generally to storage racking
systems and more particularly to a racking beam used in
open faced racking systems, such as drive-in and drive-
through racking. The invention is described with
reference to that context, however it is to be appreciated
that the invention has broader application and is not
limited to that particular use.

Background of the Invention

In the following description, except where specifically
differentiated, the term “drive-in racking” encompasses

both drive-in and drive-through racking.

Drive-in style racking systems are widely used in:
warehousing, manufacturing and other industrial
facilities. Drive-in racking has advantages of providing
very dense storage compared to selective pallet racking
and a relatively low capital cost compared to alternative
high density solutions. In addition, pallets can be

accessed with standard forklift trucks.

In drive-in style racking, the racks are arranged in
blocks. Aisles are formed between the rack blocks
allowing access to stock via mechanical handling equipment
such as forklifts. Each drive-in rack block comprises a
number of lanes of pallet storage extending multiple
pallets deep into the rack.

Drive-in racks are constructed principally from vertical
rack frames which are orientated perpendicular to the main
access aisle. Individual lanes of pallet storage are

created from adjacent planes of vertical rack frames. Each
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lane comprises multiple levels of support beams, commonly
referred to as pallet runners or pallet rails. The pallet
runners are offset from the vertical rack frames and span
in a direction parallel to the rack frames. The pallet
runners generally span across multiple frames and are
supported at each frame upright by a connecting bracket.
The front face of the rack is thus open allowing handling
equipment to drive into each lane to store and retrieve
pallets in a multiple deep configuration. Pallets are
supported along their left- and right-hand edges which
bear on the pallet runners.

The vertical rack frames comprise vertical load bearing
members commonly referred to as uprights, and metal
bracing which extends between adjacent uprights to form
the frame. Uprights are typically roll formed channel
shaped profiles with extended rear flanges to facilitate
bracing connections. The pallet runners extend between

these vertical rack frames parallel with the lane.

Drive-in rack, as distinct from drive-through rack, gains
its global down-aisle stability through the use of
vertical spine bracing located behind the rearmost plane
of pallets, and plan bracing located in the horizontal
plane at the top of the rack. Due to the obstruction
created by the vertical spine bracing, drive-in rack
therefore functions as a “last in first out” (LIFO)
system. A pallet is retrieved from the rack by the
forklift truck driving into the lane to the pallet
location, lifting the pallet, and then reversing out of

the lane into the main access aisle.

On the other hand, access in a drive-through rack is not
restricted by vertical spine bracing located behind a
plane of pallets. In an empty lane of a drive-through
system, forklift trucks can drive through the lane from

the entry to the exit pallet locations. Such a storage
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system can therefore function in a “first in first out”
(FIFO) fashion which might be preferable to a LIFO system

for certain types of products.

In drive-through racking, global down-aisle stability is
achieved through the flexural stiffness of the connecting
beams at the top of the frames, spine bracing towers
located through the depth of the rack within one lane, or

a combination of these mechanisms.

Summary of the Invention

According to a first aspect the present invention provides
a racking beam for an open faced racking system, the beam
comprising:

a bearing portion that incorporates a bearing
surface;

a guiding portion that is disposed along a first
longitudinal edge of the bearing portion and extends
upwardly from the bearing surface; and

a stiffening portion disposed along a second
longitudinal edge of the bearing portion and extending
downwardly and inwardly therefrom by an amount sufficient
to cause a principal axis of bending of the beam to be
oriented within 20° relative to a nominal plane of the
bearing surface and the shear centre of the beam is
positioned so as to be laterally displaced from the second
longitudinal edge within the range of +30% to -10% of the
width of the bearing surface extending between the first

and second longitudinal edges.

In the context of the specification the direction of
lateral displacement of the shear centre from the second
longitudinal edge is taken as being positive when it is

towards the first longitudinal edge.
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In a particular form, the racking beam is formed from
sheet metal and more preferably is made from sheet steel
that typically incorporates a corrosion resistant metal
coating and may also incorporate a decorate paint finish.
Typically the thickness of the sheet steel is between
1.5mm and 3mm. The racking beam may be profiled using a
cold roll forming process although it may also be formed
by other processes such as a pressing, folding or forging

operation or any combination thereof.

Prior art racking beams for open faced racking (otherwise
known as pallet runners) have been designed to meet the
functional requirements by incorporating a guiding portion
and bearing portion. However, such beams have been
unsuited to spans that significantly exceed the
conventional span of 1.2 m between uprights. In contrast,
the racking beam according to this aspect of the present
invention has significantly improved structural
performance characteristics (i.e. bending strength,
lateral deflection, twist) which enable significantly
greater spans without increase in the gauge of the metal
used in the racking beam. In particular, utilising a beam
profile where the principal bending axes are aligned more
with the horizontal enables loading on the bearing surface
to produce primarily vertical deflection of the beam
without significant concomitant lateral deflection. 1In
addition by locating the shear centre so that it is
laterally displaced from the second longitudinal edge
within the above mentioned range (i.e.+30% to -10% of the
width of the bearing surface) reduces the extent of twist
in the cross section. A racking beam with improved

structural performance may have a significant impact on
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the economy of the resulting racking system as it can lead
to fewer uprights, cantilever brackets, base plates and

other components.

In a particular embodiment, a nominal plane of the bearing
surface i1s disposed generally in the horizontal plane when

the beam is in its installed position.

In a particular form, the shear centre is aligned close to
the resultant of the load acting on the bearing flange.
This resultant is typically located adjacent the second

longitudinal edge.

In a particular embodiment, the stiffening portion
exteﬁding downwards from the bearing surface comprises an
upper web, a lower web and an inclined web disposed
between the upper and lower webs, the inclined web
extending downwardly and inwardly so that the lower web is

offset inwardly from the upper web.

The incorporation of an inclined web in the racking beam
and the dimensions of that web have been found to have a
significant influence on the orientation of the principal
bending axes of the beam. Further, the inclined web
provides additional depth to the section and also a
convenient location for receiving fasteners to secure the

beam to the supporting bracket.

In a particular form the inclined web is inclined from the
plane of the bearing surface at an angle greater than 15°.

In one form, this angle is in the range of 15° to 45°.
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In a particular embodiment, the inclined web is
dimensioned such that the offset of the lower web from the
upper web is in the range of 60-120% of the width of the
bearing surface extending between the first and second
longitudinal edges. In a particular form, the offset is

in the range of 70-100% of the bearing surface.

In a further aspect, the invention is directed to a
racking beam for an open faced racking system, the beam
comprising: a bearing portion that incorporates a bearing
surface; a guiding portion that is disposed along a first
longitudinal edge of the bearing portion and extends
upwardly from the bearing surface; and a stiffening
portion disposed along a second longitudinal edge of the
bearing portion, the stiffening portion incorporating an
upper web and a lower web and an inclined web disposed
between the upper and lower webs, the inclined web
extending downwardly and inwardly so that the lower web is
offset inwardly from the upper web by an amount in the
range of 60-120% of the width of the bearing surface

extending between the first and second longitudinal edges.

In yet a third aspect, the invention relates to a racking
beam for an open faced racking system comprising: a
bearing portion that comprises a bearing surface; a
guiding portion that is disposed along a first
longitudinal edge of the bearing portion and extending
upwardly from the bearing surface; and a stiffening
portion disposed along a second longitudinal edge of the
bearing portion, the stiffening portion comprising an
upper web that extends downwardly from the bearing
surface, and an inclined web that extends downwardly and

inwardly so that a lower portion of the inclined web is
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offset inwardly from the upper web, the inclined web
further comprising fastener receiving formations arranged
to receive fasteners to secure the beam to supporting

brackets.

The incorporation of the fastener receiving formations on
the inclined web allows easy access for an installer to
fix the fasteners yet still enabling the fasteners to be
in a position where they are unlikely to form catch points

in the racking system.

In a particular embodiment, the fastener receiving
formations are in the form of apertures operative to
receive respective fasteners to secure the beam to
supporting brackets. In other form, these formations may
be recesses or even flats that are arranged to receive

self tapping screws or the like.

In yet a further aspect, the invention relates to a
racking beam assembly comprising a racking beam of the
third aspect and a support bracket, the beam being of
generally channel shape and the bracket being locatable
within the beam channel, the support bracket incorporating
a fastening surface locatable behind the inclined web and
wherein in use the beam is securable to the support
bracket by one or more fasteners that extend through the

inclined web and the fastening surface.

In a particular embodiment, the stiffening portion of the
racking beam in any form described above, further
comprises a lower stiffening formation disposed along a
lower distal margin of the beam. In one form, this lower

stiffening formation comprises a flange that projects
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inwardly from the lower web and a lip return that extends

from the flange to a lower terminal edge of the beam.

In a particular embodiment, the guiding portion includes
an upper stiffening formation disposed along a distal
margin of the guiding portion and a web disposed between
the stiffening formation and the bearing portion. In a
particular embodiment, the upper stiffening formation is
similar to the lower stiffening formation and incorporates
a flange that extends from the guiding portion web and a
lip return that extends from the flange to an upper

terminal end of the beam.

In a particular embodiment, the guiding portion web is
inclined to the nominal plane of the bearing surface.
Typically the open angle between the guiding portion web
and the plane of the bearing surface is in the range of

90-120°.

In yet a further aspect, the invention relates to a
racking system incorporating racking beams and/or racking

assemblies according to any of the forms described above.

In one form, the racking beams are supported along their
length by uprights spaced apart, possibly unequally, such
that substantial bending is induced in the beams under

normal design loadings.

Brief Description of the Drawings

Notwithstanding any other forms that may fall within the
scope of the racking beam assemblies and systems as
defined in the summary, specific embodiments will now be

described by way of example only, with reference to the
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accompanying drawings, in which:

FIG. 1 is a front elevation of an open faced racking
system;

FIG. 2 is a side elevation of the racking system of FIG.1;
FIG. 3 is a perspective view of a racking beam used in the
racking system of FIG. 1;

FIG. 4 is an underside perspective view of the racking
beam of FIG. 3;

FIG. 5 is an end view of the racking beam of FIG. 3;

FIG. 6 is a detailed view of a racking beam assembly
comprising a racking beam and bracket when mounted to an
upright of the racking system of FIG. 1;

FIG. 7 is a schematic view of five racking beam profiles
(A-E) ;

FIG. 8 is a graph of the orientation of the principal axes
against the offset (e) for the profiles of FIG. 7;

FIG. 9 is a graph of the position of the shear centre
against the offset (e) for the profiles of FIG. 7; and
FIG. 10 illustrates the orientation of the principal axes
through the centroid C and the shear centre position S of
profiles of the racking beams of FIG. 7.

Detailed Description of Specific Embodiments

FIG. 1 depicts an open faced racking system 100 comprising
a series of vertical load bearing uprights 101 and
multiple levels of racking beam assemblies 50 supported by
the uprights 101. These assemblies comprise brackets 51
which are mounted to the uprights and racking beams 10,
commonly referred to as pallet runners, which are affixed
to the brackets. The open faced racking system 100 is
designed such that lanes 102 are formed between the
uprights 101 and sized to allow stock handling equipment
such as fork lifts or other vehicles to drive into the
lanes so as to load pallets 500 onto the racking beams.

In this regard, the racking beams 10 extend along the
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respective lanes and incorporate a longitudinal edge which
opens out into those lanes. In this way, the lanes
include pairs of racking beams which oppose one another
and the pallets 500 or other stock units are placed

between and supported by, those opposing racking beams.

As most clearly shown in FIG. 2, a feature of the racking
system 100 is that the uprights 101 in each lane are
spaced apart a distance which is significantly greater
than the depth of a single pallet 500. In the present
case, the spans between upright are approximately 2.4 m
which equates to two pallet depths. The racking beams 10
are designed to accommodate these spans as will be
discussed in more detail below. Such spans are
significantly greater than conventional open style racking
where the spacing between uprights 101 is arranged to be
largely the same as the depth of a single pallet.

Turning to FIGS. 3 to 5, the racking beam 10 incorporates
a bearing portion 12 having a bearing surface 13, which in
its installed position, is generally horizontal. The
bearing surface 13 has an inner or first longitudinal edge
14 that locates proximal the uprights and an outer or
second longitudinal edge 15 that extends along the system
lanes 102.

A guiding portion 16 is disposed along the inner
longitudinal edge 14 of the bearing surface 13 and extends
upwardly and outwardly from the bearing surface 13. This
guiding portion comprises an inclined web 17 which
functions to assist in guiding the pallet to locate
properly on the bearing surface 13. The open angle of
inclination of the guiding portion is generally no greater
than 120° from a nominal plane of the bearing surface 13.
More preferably the angle of inclination is no greater
than 110° from the bearing surface plane. An inclination

of 110° is generally sufficient to ensure that a pallet
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accidentally placed on the guiding portion will, under its
own weight, slide down to the bearing surface 13.

The guiding portion 16 further comprises an upper
stiffening formation 18 that extends from the inclined web
17 to a terminal end 19 of the beam 10. The stiffening
formation comprises a flange 20 and a lip 21 turned

downwardly out of the plane of flange 20.

The racking beam 10 further comprises a stiffening portion
22 disposed along the outer longitudinal edge 15 of the
bearing surface 13 and extending downwardly and inwardly
therefrom. The stiffening portion 22 comprises an upper
web 23 extending downwardly from the outer longitudinal
edge 15 of the bearing surface 13, an inclined web 24 that
extends inwardly and downwardly from the upper web 23, and
a lower web 25 that extends downwardly from the inclined
web 24. 1In this way, the lower web 25 is offset inwardly

from the upper web by a distance (e).

The stiffening portion further comprises a lower
stiffening formation 26 that extends from the lower web 25
to a terminal end 27 of the beam 10. The stiffening
formation 26 comprises a flange 28 and a lip 29 turned
upwardly out of the plane of the flange 28.

With this configuration, the racking beam 10 is channel-
shaped with the terminal ends 19, 27 spaced apart. As
best illustrated in FIG. 6 the racking beam is arranged to
be disposed over brackets 51 which are secured to the
uprights 101. These brackets which are of a cantilever-
type are tapered towards their distal end 52 so as to
locate snugly within the racking beam profile. In
particular the distal end 52 of the bracket 51 locates
adjacent the upper web 23, an upper surface 53 of the
bracket locates under the bearing portion 12, whereas a

lower surface 54 locates against the inner side of the
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inclined web 24. Both the inclined web 24 and the lower
surface 54 of the bracket include fastener receiving
formations, which in the illustrated form comprise
apertures (30 and 55 respectively). These apertures are
arranged to receive fasteners (not shown) to secure the
racking beam 10 to the respective brackets. The location
of the fasteners is convenient, in that it provides easy
access for an installer yet locates the fastener in a
position where they are unlikely to cause a catch point.
Further, the apertures 30 are spaced along the inclined
web 24 so as to facilitate the aligning of the beam
apertures 30 with the bracket apertures 55, when those

brackets are fixed to the uprights 101.

By manipulating the length of the inclined web 24,
significant changes can occur to both the centre of shear
S as well as to the orientation (6) of the principal axes.
These findings are reflected in the graphs shown in FIGS.
8 and 9 which are derived from an analysis of five
profiles (A-E) schematically illustrated in FIG. 7. These
profiles differ in the length of the inclined web 24 with
the graphs in FIGS. 8 and 9 representing this as a
normalised offset (being the offset e, which is the
lateral displacement of the upper web 23 to the lower web
25, compared to the width of the bearing surface b from
the inner 14 to the outer iongitudinal edge 15). In FIG.
8 the orientation (6) of the principal bending axes is
graphed against the normalised offset (e/b). In FIG. 9,
the position of the shear centre S is graphed against this
normalised offset. Fig. 10 illustrates the resulting
profiles A to E, showing the calculated position of the
shear centre S and the orientation © of the principal

bending axes for each profile.

In general, the inventors have realised that there are
advantages in orientating the principal bending axis x of
the racking beam so that it is within 20° of the
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horizontal. The advantage of this alignment is that
vertical loading from a pallet 500 or other stock unit
upon the racking beam 10 will induce vertical deflections
of the racking beam 10 without resulting in any
significant concomitant lateral deflections. The closer
the principal axis x is to the horizontal, the less
lateral deflection would occur. Reducing the lateral
deflection allows the racking beam 10 to be capable of
greater span than is available when vertical loading
induces lateral deflection. In the illustrated form, a
nominal plane of the bearing surface 13 is arranged to
extend horizontally when it is installed. As such the
plane of the bearing surface can be used as the reference

plane for the axes.

In addition, to limit twist in the racking beam, the shear
centre S also needs to be taken into account. The
inventors have found that to ensure good structural
performance, the shear centre S should be located close to
the resultant of the load acting on the bearing surface
13. This resultant is typically near the longitudinal
edge 15 and as such it is beneficial if the shear centre
is positioned so as to be laterally displaced from the
longitudinal edge 15 within the range of +30% to -10% of
the width of the bearing surface.

From the graphs of FIGS. 8 to 10, it can be seen only
profiles C, D and E fall within 20° of the bearing surface
whereas profile A (where there is no offset) is over 40°
and profile B (where there is only minimal offset) is over
30°. Further, it is clear that the offset produces a
significant change in the shear centre with profiles A and
B having a shear centre that is displaced outwardly of the
longitudinal edge 15 (by an amount of 15mm and 4mm
respectively), and profiles C, D and E having a shear
centre that is displaced inwardly of the longitudinal edge
(by 4mm, 9mm and 13mm respectively).
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The width b of the bearing surface is typically in the
range of 70mm - 100mm. Therefore, the lateral
displacement of the shear centre S from the longitudinal
edge 15 for the profiles A to E is such that profile A
falls outside the above-mentioned range of +30% to -10%
for all bearing surface widths between 70mm - 100mm,

whereas the profiles B to E fall within this range.

As far as structural performance is concerned, the most

optimal design of the five profiles is profile D. As can
be seen from calculations conducted by the inventors, the
principal axes are aligned so that the axis x is parallel

to the bearing surface 13 whereas the shear centre S is

" located just inward from the upper web 23. Neverthelesgs,

profiles C and E may also perform adequately under load.
In addition to the structural performance, the
incorporation of the inclined web 24 provides a convenient
location to fix the beam to its support brackets. In this
regard, the longer webs of profiles D and E are better
suited for this role.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features in various embodiments of the invention.

It is to be appreciated that various alterations and/or
additions may be made to the racking beam previously
described without departing from the spirit or ambit of

the present invention.
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CLAIMS:

1. A racking beam for an open faced racking system, the
beam comprising:

a bearing portion that incorporates a bearing
surface;

a guiding portion that is disposed along a first
longitudinal edge of the bearing portion and extends
upwardly from the bearing surface; and

a stiffening portion disposed along a second
longitudinal edge of the bearing portion and extending
downwardly and inwardly therefrom by an amount sufficient
to cause a principal axis of bending of the beam to be
oriented within 20° relative to a nominal plane of the
bearing surface and the shear centre of the beam is
positioned so as to be laterally displaced from the second
longitudinal edge within the range of +30% to -10% of the
width of the bearing surface extending between the first

and second longitudinal edges.

2. A racking beam according to claim 1, wherein the beam

ig formed from sheet metal.

3. A racking beam according to claim 2, wherein the
sheet metal is sheet steel having a thickness of between

1.5 and 3 mm.

4. A racking beam according to any preceding claim,
wherein a nominal plane of the bearing surface is disposed
generally in the horizontal plane when the beam is in its

installed position.
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5. A racking beam according to any preceding claim
wherein the stiffening portion comprises an upper web, a
lower web, and an inclined web disposed between the upper
and lower webs, the inclined web extending downwardly and
inwardly so that said lower web is offset inwardly from

the upper web.

6. A racking beam according to claim 5, wherein the
offset of the lower web from the upper web is in the range
of 60-120% of the width of the bearing surfaces extending

between the first and second longitudinal edges.

7. A racking beam according to claim 6, wherein the
offset of the lower web from the upper web is in the range

of 75-100% of the width of the bearing surface.

8. A racking beam for an open faced racking system, the
beam comprising: a bearing portion that incorporates a
bearing surface; a guiding portion that is disposed along
a first longitudinal edge of the bearing portion and
extends upwardly from the bearing surface; and a
stiffening portion disposed along a second longitudinal
edge of the bearing portion, the stiffening portion
incorporating an upper web and a lower web and an inclined
web disposed between the upper and lower webs, the
inclined web extending downwardly and inwardly so that
said lower web is offset inwardly from the upper web by an
amount in the range of 60-120% of the width of the bearing
surface extending between the first and second

longitudinal edges.
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9. A racking beam according to any one of claims 5-8,

wherein the inclined web is inclined from a nominal plane

of the bearing surface by an amount greater than 15°.

10. A racking beam according to any one of claims 6 to 9,
wherein the inclined web further comprises fastener
receiving formations arranged to receive fasteners to

secure the beam to one or more supporting brackets.

11. A racking beam for an open faced racking system
comprising: a bearing portion that comprises a bearing
surface; a guiding portion that is disposed along a first
longitudinal edge of the bearing portion and extending
upwardly from the bearing surface; and a stiffening
portion disposed along a second longitudinal edge of the
bearing portion, the stiffening portion comprising an
upper web that extends downwardly from the bearing
surface, and an inclined web that extends downwardly and
inwardly so that a lower portion of the inclined web is
offset inwardly from the upper web, the inclined web
further comprising fastener receiving formations arranged
to receive fasteners to secure the beam to supporting

brackets.

12. A racking beam according to either claim 10 or 11,
wherein the fastener receiving formations are in the form
of apertures operative to receive respective fasteners to

secure the beam to supporting brackets.

13. A racking beam according to claim 11, wherein the
beam further comprises a lower web which extends

downwardly from a lower portion of the inclined web.
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14. A racking beam according to any one of.the claims 6
to 10, wherein the stiffening portion further comprises a
lower stiffening formation disposed along a lower distal

margin of the beam.

15. A racking beam according to claim 14, wherein the
lower stiffening formation comprises a flange that
projects inwardly from the lower web and a lip return that
extends from the flange to a lower terminal end of the

beam.

16. A racking beam according to any preceding claim
wherein the guiding portion includes an upper stiffening
formation disposed along a distal margin of the guiding
portion and a web disposed between the stiffening

formation and the bearing portion.

17. A racking beam according to claim 16, wherein the
upper stiffening formation incorporates a flange that
extends from the guiding portion web and a lip return that
extends from the flange to an upper terminal end of the

beam.

18. A racking beam according to either claim 16 or 17,
wherein the guiding portion web is inclined to a nominal
plane of the bearing surface by an angle of between 90-

120°.

19. A racking beam assembly comprising a racking beam
according to any one of claims 10 to 12, and a support
bracket, the beam being of generally channel shape and the
bracket being locatable within the beam channel, the

support bracket incorporating a fastening surface
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locatable behind the inclined web and wherein in use the
beam is securable to the support bracket by one or more
fasteners that extend through the inclined web and the

fastening surface.

20. An open faced racking system incorporating one or

more racking beams according to any one of claims 1 to 18.

21. A racking system according to claim 20, wherein the
racking beams are supported along their length by uprights
spaced apart possibly uneqgually, such that substantial
bending is induced in the beams under normal design

loadings.

22. An open faced racking system incorporating one or

more racking beam assemblies according to claim 19.
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