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(57) ABSTRACT 

The top of a thermoplastic pallet has a rectangular frame to 
Which the pallet deck is directly or indirectly attached. The 
edge of the deck is spaced apart from the outer edge of the 
frame. The frame comprises bridge parts Which span the 
openings between columns into Which forks may be inserted 
for lifting of the pallet. The plastic bridges are designed for 
absorbing horizontal impact loads. Each bridge has several 
lengthwise impact absorber Zones of differing cell con?gu 
ration and thus diifering compliance to horizontal impact 
loads. A metal stay runs along the outer edge of each bridge, 
for distributing impact forces, and for improving the resis 
tance of the pallet top to impact loads. A stay may be 
anchored by its ends at the opposing ends of a bridge, and 
or along its length by engagement of perforations in the stay 
With plastic features distributed along the length of the edge 
of the bridge. 
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IMPACT-RESISTING PALLET HAVING METAL 
STAY 

[0001] This application claims bene?t of provisional 
patent applications Ser. Nos. 60/654,758, 60/654,760, 
60/654,766 ?led Feb. 18, 2005, and Ser. No. 60/657,679, 
?led Mar. 1, 2005. 

TECHNICAL FIELD 

[0002] The present invention relates to pallets used for 
transporting industrial and commercial goods by means of 
forklift devices and the like. 

BACKGROUND 

[0003] Traditional Wood pallets and neWer thermoplastic 
pallets can be damaged When they are hit by an object, such 
as by part of a forklift device, or by being rammed against 
a stationary object. Impact from the heel of the tine of a 
forklift truck has been identi?ed as a common cause of 
damage. The problem is exacerbated When the fork truck 
hits the pallet at an angle; and When the pallet is heavily 
loaded and on a slip-resistant surface. 

[0004] The edges of the top of the pallet are particularly 
prone to damage. When the edge of a common Wood pallet 
deck is damaged, a slat can be replaced. HoWever, molded 
plastic pallets, having integral structures, are not so easily 
repaired. Thus, for plastic pallets there is a need for either 
lessening the likelihood of damage, or devising some easy 
repair procedure. The present invention uses the former 
approach. 
[0005] A popular plastic pallet, Which can be made in the 
present invention, is often referred in the Us. to as a GMA 
pallet. It has a rectangular base, eight columns running up 
from the periphery of the base, and a rectangular deck. The 
pallet is in the shape of a 40 inch><48 inch rectangle. A 
comparable European pallet is a 1000 mm by 1200 mm 
pallet. For such a pallet to become accepted for Widespread 
use in commerce, it must meet various technical and per 
formance standards. The Grocery Manufacturers of America 
(GMA), Washington, DC, U.S., in conjunction With other 
organiZations, has published a document entitled “Recom 
mendations on the Grocery Industry Pallet System” (1992). 
It describes requirements some of Which have been added to 
or modi?ed in the subsequent years. 

[0006] Some manufacturers and users use tests to measure 
the resistance of a pallet to such kind of damage. For 
instance, one large industrial commercial user has What are 
called tine heel tests, and a typical test involves 10 simulated 
bloWs of an about 700 pounds Weight, traveling at about 6 
feet per seconds at a given location on the edge of the top 
part of the pallet. See also “Recommended Test Protocol for 
Plastic Pallet, Version 3” (1998) published by Virginia Tech, 
Blacksburg, Va., U.S., sets forth mechanical performance 
and test requirements for pallets including a Warehouse 
racking test, as just mentioned. 

[0007] Plastic pallets have been in commercial use for 
some time, but to date commercial pallets Which meet 
important criteria, such as structural strength, cost, Weight, 
or ?re resistance, have in general been unsuccessful in 
passing the severity of the 10-bloW tine heel test. The top 
decks of plastic pallets are particularly prone to tine heel 
damage; they tend to locally fracture and there is progressive 
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failure from repeated bloWs. But since plastic pallets are 
molded and usually Welded together, pallets are not easily 
?eld Welded or otherWise repaired. So, if a pallet edge is 
damaged, the result can be costly discard of the pallet. 

[0008] One of the limitations in making a pallet With a 
damage tolerant edge is to avoid adversely affecting the 
other strength characteristics of the pallet, or Weight, ?re 
resistance, and cost of manufacture. Thus, there are many 
constraints in addressing the problem structurally and by 
materials engineering. There is a need to make improve 
ments Which are at the same time economic, light Weight, 
and otherWise do not undercut the other advantages attrib 
uted to plastic pallets. 

SUMMARY 

[0009] An object of the invention is to provide the top of 
a predominately plastic pallet With resistance to impact 
loads, such as from fork lift devices. A further object is to 
provide the bridge portions of a thermoplastic pallet frame, 
Which span the spaces betWeen adjacent columns, With 
improved resistance to impact, When the bridge portions are 
have an impact absorbing and load compliant structure. 

[0010] In accord With the invention, a stay runs along or 
in proximity to the outside edge of the bridge part of a 
thermoplastic frame of a pallet, Where the bridge is that part 
of the frame Which runs betWeen adjacent columns. The stay 
is anchored at its ends, or along its length, or by a combi 
nation of both. The stay has a modulus of elasticity Which is 
substantially higher than the elastic modulus of the bridge 
material, for instance than thermoplastic material has. A 
preferred stay, for use With a polypropylene or high density 
polyethylene pallet, is made of loW carbon cold rolled steel. 

[0011] In accord With invention, the bridge is intended to 
provide signi?cant elastic deformation to comply With the 
applied load. In one embodiment, the bridge has ribs Which 
de?ne closed cells; in another the bridge has ribs Which 
de?ne open cells, for such purpose. The stay may be 
anchored at its ends by means of curved ends, pins, or other 
structure. When the stay is anchored at its ends, the stay is 
attached to the frame Where it runs above the columns. A 
stay may extend run across tWo adjacent bridges, or around 
the periphery of the pallet. The stay may be anchored along 
its length by openings in the stay, including holes or scallops 
or serrations along the edges, by parts of the plastic bridge 
Which are formed to receive them, or by plastic parts Which 
are formed by How of molten plastic during the assembly of 
the pallet. 

[0012] When a pallet is impacted, there is tension in the 
stay; the stay transfers the force of the impact load and that 
reduces the deformation of the bridge and inhibits any 
tendency for failure. When an impacting object moves aWay 
from the edge of the pallet, the bridge stay and plastic edge 
substantially resume their original shape, Within the design 
limits of the pallet. 

[0013] In accord With the invention, the stay may be 
exposed along the length of the bridge or enclosed Within the 
plastic of the bridge. To make the latter kind of pallet, the 
frame comprises a cover plate and Which mates With a basic 
frame element. The cover plate has a buttress portion to 
Which the stay is attached before the parts are mated. The 
male portion ?ts into a cavity in the basic element, and When 
the tWo parts are Welded together, the stay is thus enclosed 
and protected 
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[0014] The foregoing and other objects, features and 
advantages of the present invention Will become more 
apparent from the following description of preferred 
embodiments and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an isometric vieW of the corner of a pallet 
having an impact absorbing edge. 

[0016] FIG. 2 is a more detail vieW of the pallet of FIG. 
1 

[0017] FIG. 3 is a vertical cross section vieW through the 
bridge spanning the columns of the pallet of FIG. 1. 

[0018] FIG. 4 is an isometric vieW of another pallet With 
the cover plate of the frame removed to shoW the interior cell 
construction. 

[0019] FIG. 5 is an isometric vieW of part of the frame of 
the pallet of FIG. 4. 

[0020] FIG. 6 is a top vieW of part of the frame of the 
pallet shoWn in FIG. 5. 

[0021] FIG. 7 is a cross section through a pallet frame like 
and deck, Where the frame comprises a ?at cover plate, like 
the frame shoWn in FIG. 4. 

[0022] FIG. 8 is like FIG. 7, shoWing a frame formed by 
a cover plate Which has integral ribbing. 

[0023] FIG. 9 is a partial isometric vieW shoWing a 
vertical cross section like that shoWn in FIG. 8 and 9, Where 
the bridge has through holes. 

[0024] FIG. 10 is a top vieW ofa portion ofa pallet having 
a metal stays along the outer edges of the portions of the 
frames, or bridges, Which span the space betWeen the 
columns. 

[0025] FIG. 11 is a vertical cross section through portion 
of the pallet shoWn in FIG. 10. 

[0026] FIG. 12 is like FIG. 10, and shoWs hoW a bridge 
deforms under an impact load. 

[0027] FIG. 13 shoWs alternative stay ends and anchors. 

[0028] FIG. 14 is an exploded vertical cross section vieW 
of part of a Welded bridge like that shoWn in FIG. 9. 

[0029] FIG. 15 is an exploded isometric vieW of a bridge 
comprised of a base structure and a cover plate having 
ribbing and a serrated stay. 

[0030] FIGS. 16A, 16B and 16C shoW different embodi 
ments of stays. 

[0031] FIG. 17 is an exploded vieW of a pallet Which 
includes features shoWn in other Figures. 

[0032] FIG. 18 is an isometric vieW ofa portion ofa Wood 
pallet having an impact absorbing plastic leader board. 

[0033] FIG. 19 is a vertical cross section through an 
alternative dual material plastic leader, having a metal stay 
for impact resistance. 

DESCRIPTION 

[0034] The present invention may be used With a predomi 
nately thermoplastic pallet Which incorporates metal rein 
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forcing beams, as described in US. Pat. No. 6,705,237 
“Plastic Pallet Design” of Moore et al. Preferably, the pallet 
has a corrugated aluminum or other metal deck as described 
in a related application entitled “Plastic pallet having metal 
deck”, bearing Atty. No. EPC-2435, and ?led on even date 
hereWith by R. Brochu et al. The disclosures of the patent 
and patent application are hereby incorporated by reference. 

[0035] The pallet may be molded in components and 
subassemblies, preferably by injection molding using gas 
assistance. See US. Pat. No. 5,401,459. The several parts or 
subassemblies may be joined together as an assembly by 
knoWn thermoplastic fabrication methods, including Weld 
ing, adhesive bonding, mechanical interlocking, and by 
fasteners. See for instance, US. Pat. Nos. 6,250,234 and 
6,283,044. The thermoplastic parts of the pallet may be 
made of commercial grade polypropylene, high density 
polyethylene or other polyole?n. Other plastics may be used. 
It Will be understood that regions Which are referred to as 
solid, or Which are shoWn as solid for convenience, are 
characterized as such in contrast to and distinction from 
other portions, such as impact absorbers, Which have sub 
stantial siZe cells and loW bulk density, or other compliance 
loWering features. Any parts of the pallet Which are called 
solid may have comparatively small interior open or closed 
holloWs. For instance, the parts may have artifacts of the 
molding process or they may be intentional holloWed by 
recesses and the like, for purposes of reducing shrinkage, 
economiZing on material, etc. Preferred pallets of the present 
invention preferably have metal beams in the cross rails of 
the base together With a corrugated metal deck. The pallets 
here are characterized as predominately thermoplastic, or 
simply as “thermoplastic”, because by Weight they are more 
than 50 percent thermoplastic. Use of the term plastic or 
thermoplastic With respect to a pallet or part of a pallet does 
not exclude the presence of lesser fraction of metal, ?bers, 
?llers, ?re retardants, etc. 

[0036] FIG. 1 shoWs one quarter section of a rectangular 
pallet 20 having an impact absorbing rim and a textured 
metal deck 22. FIG. 2 is a more detailed vieW of the impact 
absorbing bridge part of the pallet. Pallet 20 comprises 
formed sheet metal deck 22, preferably made from Type 
5052 aluminum alloy, Which is attached to injection molded 
thermoplastic frame 24. In general, the pallet has a con?gu 
ration Which is familiar in GMA plastic pallets. The frame is 
by de?nition an open-center rectangle, i.e., it runs around 
and encloses a space. The deck spans the interior space and 
is attached to the center column. The deck, and such portion 
of the frame Which may not be covered by the deck, provide 
the top surface of the pallet for receiving goods. 

[0037] The frame is mounted on eight vertical columns, 
namely outer or peripheral columns 28 (comprising comer 
columns and midpoint columns) and center column 29, 
Which run upWardly from pallet base 30. The columns may 
be fabricated as integral elements of the injection molded 
frame. See part 45 in FIG. 17. Base 30 is comprised of outer 
rails 31 Which form a rectangle. Cross rails 33 interconnect 
the centers of the outer rails and intersect at the location of 
center column 29. Metal beams 74 run Within the base rails 
31, 33, as taught by the art, including by US. Pat. Nos. 
5,868,080, 6,705,237, and 6,955,128. Additional beams of 
metal or other high elastic modulus and high strength 
material (compared to the plastic) may be used, including 
around the periphery of the frame or across the center of the 
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pallet at the elevation of the deck, although doing so Will 
tend to compromise other advantages of the present inven 
tion Which are attained With the use of a corrugated metal 
deck. 

[0038] The invention is described in terms of a rectangular 
GMA pallet, referred to in the foregoing Background, Which 
pallet is about 40 inch><48 inch><5 to 6 inches high pallet, and 
has a 12 to 13 inch Wide and 3 to 4 inch high opening 34 
betWeen each pair of outer columns for entry of lifting forks. 
Bridge portions 25, hereafter called simply bridges, are 
those portions of the rectangular frame 24 Which span the 
spaces betWeen the columns. In the FIG. 1 embodiment, 
bridges 25 are the means of support for deck 22. Bridges 25 
comprise portions 26 With impact absorbing characteristics, 
Which portions are hereafter referred to as impact absorbers 
26, Which enable bridges to resist damage from horizontal 
impact loads, such as those imposed by the heels of forklift 
tines. 

[0039] FIG. 3 is a vertical cross section through the outer 
part of pallet 20. The top surface of deck 22 lies in 
essentially the same plane as the top of frame 24. The deck 
is fastened to the frame by hold-doWn plate 60, Which is 
pinned to the frame. The edge of the deck is inset from, or 
horizontally spaced apart from, the outer edge of the frame. 
That enables horizontal elastic deformation of the outer 
portion of the bridge Without causing permanent deforma 
tion of the deck. Near its outer edges, the deck has corru 
gations Which run parallel to the edges. 

[0040] Compared to the inner solid portion 62 of the 
frame, and to the portions of the frame Which overlie the 
columns, the impact absorber portion 26 of the bridge has 
loWer bulk density and loWer section modulus about a 
vertical axis and greater compliance to a horizontal load, 
When the pallet is hit laterally by a fork truck part. Why this 
is so, and the advantage, are noW described for the pallet of 
FIG. 1 and another style GMA pallet, and for a predomi 
nately Wood pallet. 
[0041] As illustrated by the embodiment of FIG. 1 
through FIG. 3, an exemplary bridge 25 of pallet 20 has 
three different compliance zones, 79, 81, 62, running length 
Wise. TWo of those compliance zones, 79, 81 comprise the 
impact absorber 26. The innermost solid portion, zone 62, 
supports the deck. The impact absorber comprises a com 
bination of lengthWise ribs 52, 27 and transverse arcuate ribs 
54. Outermost lengthWise rib 27 provides the outer edge of 
the bridge. Arcuate ribs 54 run transversely, to interconnect 
the lengthWise ribs and the inner portion 62 of the bridge. 
Referring to the outer zone 79, the lengthWise ribs and 
arcuate ribs de?ne a multiplicity of small nominally circular 
bores 58. The ends of the circular bores 58 are ?attened, as 
shoWn. BetWeen each bore is an hour-glass shape bore 56. 
The bores Will hereafter be mostly referred to as open cells. 
The almost circular and hour-glass cells Which comprise the 
outer zone 79 are larger than the corresponding cells Which 
comprise the middle zone 81. The arcuate and lengthWise 
ribs 52 have nominally the same thickness. Thus, under a 
horizontal plane load applied at the outer edge of the pallet, 
the outer zone 79 Will be less stiff, and Will have more 
compliance, than the middle zone 81. The innermost solid 
zone 62 Will be the most stiff and least compliant. When a 
horizontal impact load hits outer edge rail 27, bending of the 
arcuate ribs causes them to deform into the hour glass bore 
spaces. 

Sep. 14, 2006 

[0042] In an example of bridge 25 of pallet 20, the 
diameter of the outer bore 56 is nominally 1.25 inches; the 
inner bore hole 58 diameter is about 0.875 inches; the 
segments 54 and rib 52 are about 0.187 inches thick; and, the 
outer edge rail 27 is about 0.225 inches thick. The bridge is 
about 5 inches Wide and the impact absorber zones are 2 to 
3 inches Wide. The bulk density of the impact absorber 
portion is preferably about 30 to 60 percent of the density of 
bulk density of thermoplastic material of the pallet. 

[0043] Compliance is the mechanical shape change 
response of a ?xed object to an applied load. When a body 
is said to be have more compliance or to be more compliant, 
it means that for a given force or load, a structure or portion 
of structure, has a greater deformation or accommodation of 
the load. In the case of a pallet frame and bridge, the 
predominant interest here is the compliance to a horizontal 
load, one Which acts parallel to the plane of the pallet top. 
The Whole of a structure, e.g., a bridge, or different zones in 
a structure, e.g., portions of a bridge, can be treated and 
analyzed With respect to compliance. Compliance can be 
determined through structural analysis, in particular by ?nite 
element analysis; or by experimental testing, as by using 
strain gages. Stiffness is a property of a structure or portion 
Which is the inverse of compliance; it may alternatively be 
used in characterizing the invention. 

[0044] When it is said here that the compliance of one 
zone is different from that of another, that means the 
difference is signi?cant to mechanical behavior of the item. 
Generally, it Will mean there is a difference of least about ten 
percent or more. In this description all portions of a structure 
are presumed to have some degree of compliance; and, all 
materials used in a pallet Will exhibit plastic behavior 
beyond an elastic limit. When there is compliance by a 
portion of the pallet, it means the portion ?rst deforms 
elastically in response to an applied force. Compliance 
deformation in a pallet of the invention is primarily resilient; 
i.e., Within the elastic limit of the structure. HoWever, Within 
the realm of elastic compliance, there may be small regions 
of stress concentrations and resultant plastic deformation. A 
part of the pallet may suffer some minor “set” or permanent 
deformation. It is undesirable in a pallet to have a large 
amount of permanent deformation, although obviously some 
can be accepted, While the pallet remains useful. 

[0045] Since in bridge 25 of pallet 20 the open cells run 
vertically, the impact absorber portion, and the bridge as a 
Whole, has much lesser compliance to vertical loads than to 
horizontal loads. Thus bridge can bear the load of a deck 
carrying goods, Without undue deformation. The difference 
in directional behavior of the impact absorber of bridge 25 
can be characterized in terms of unit section modulus, that 
is, the section modulus of a square cross section portion, one 
in Which the height of the section is equal to the height of the 
bridge. The unit section modulus of each bridge is substan 
tially greater in the vertical direction than in the horizontal 
direction. 

[0046] When it is desired to have increased stiffness at the 
innermost portion of the bridge, that portion may be made 
thicker; or, it may include a lengthWise running member 
made of metal or other material having elastic modulus 
higher than the plastic. (Such a stiffener is different from the 
stay described beloW.) While the three compliance zones just 
described are preferred, in the generality of the invention, 
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there may be more or less. For example, three may be only 
an inner Zone 62 having high stiffness and loW compliance, 
to Which the deck Will be attached, and an outer Zone 
comprising the rest of the bridge Width, Which Will be the 
impact absorber. There may be more Zones, as next 
described. The stay may be used With a bridge having a 
uniform compliance across its Width, that is, a bridge 
comprised of one Zone, When the bridge is not used to 
support the deck and is spaced apart from the edge of the 
deck. 

[0047] FIG. 4 through 9 shoW another embodiment pallet, 
20A, Which has a frame/bridge having some different and 
additional features. FIG. 17 is an exploded vieW of the pallet 
20A. Numbers With suf?xes denote elements Which corre 
spond With those previously mentioned. FIG. 4 shoWs a 
partial cutaWay quadrant of rectangular pallet 20A. Part of 
the cover plate of the frame is cut aWay to shoW the interiors 
of the closed cells. 

[0048] Pallet 20A has a frame 24A With an impact absorb 
ing bridge 25A. The columns 28A are molded integrally 
With the frame and part of the base, in the form of subas 
sembly part 45. See the exploded vieW in FIG. 17. Pallet 
20A is different from pallet 20 in several respects, including 
the direction in Which the compliance of the bridge varies 
across its Width and the manner in Which the outer edge of 
the deck is supported With respect to the frame. There are 
other differences Which Will become apparent. 

[0049] In the FIG. 4 embodiment, frame 24A is con 
structed by Welding cover plate 39 to the injection molded 
basic frame element 70, Which is a portion of a larger 
injection molded part 45. The molded part 45 includes basic 
frame element, a subframe and brackets and eight peripheral 
columns 28A. The columns 28A, Which are holloW (and 
Which are preferably ?lled With thermoset foam upon ?nal 
assembly), have vertical internal ribs and shalloW vertical 
external surface grooves, for impact resistance, as described 
in a related patent application. 

[0050] FIG. 4 through FIG. 8 shoW the internal rib 
structure of the frame along With other features and alter 
natives. With particular reference to FIG. 4, and FIG. 7 to 
9, deck 22A rests on a support means, namely rectangular 
subframe 64 Which runs around the interior of frame 24A. 
The subframe is spaced apart from the inside edge 72 of the 
frame. Subframe 64 is mounted on cantilever supports 68 
Which extend inWardly from the frame, at locations Where 
there are columns. Optionally, the subframe and supports 
may include metal members for strength. Thus, the spaces 
30 betWeen the frame and the outer edge of the deck and 
subframe enables the bridges of the frame to deform sub 
stantially inWardly under impact load, Without deforming 
the deck. A space 30 is about 0.3 to 2 inches Wide, most 
preferably about 1.3 to 1.5 inches. For more details of the 
deck suspension system of pallet 20A, see the related 
application entitled “Plastic pallet having deck suspension 
system”, bearing Atty. No. EPC-2439, ?led on even date 
hereWith by R. Moore et al., the disclosure of Which is 
hereby incorporated by reference. In the present invention, 
other deck supporting means may be used, to space the deck 
apart from most or all of the inner edge of the bridges. The 
inner edge of the deck may be inset about 5 inches from the 
outer edge of the frame. In the FIG. 1 embodiment the inset 
may be 1 to 3 or more inches. For a 40x48 pallet, the deck 
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Will have an area Which is at least 75 percent of the area of 
the Whole of the top of the pallet. While the invention is 
described and in some respects may be claimed in terms of 
a 40inch><48 inch U.S. GMA pallet, those dimensions may 
vary Within a feW percentages; and thus, the dimensions Will 
comprehend a 1000 mm><l200 mm European pallet. 

[0051] FIGS. 5, 6 and 7 shoW the shapes and arrangement 
of the interior cells Which provide a bridge 25A of the frame 
24A With special impact absorbing performance. In this 
embodiment, the bridge has lengthWise impact absorber 
Zones Which have compliances that progressively increase 
With distance from the outer edge. In comparison to a bridge 
of the pallet 20 shoWn in FIG. 1, a bridge of pallet 20A has 
no solid inner most portion for supporting the deck. The 
outermost, not innermost, Zone has the greatest stiffness and 
least compliance. In this embodiment, that helps the outer 
edge resist cracking due to very concentrated loads; and the 
design cooperates With the use of a stay, Which is described 
beloW. This is enabled since the deck is mounted on the 
subframe. FIG. 5 shoWs a portion of the bridge 26A With the 
cover plate 39 removed. FIG. 6 shoWs the vertical running 
rib construction of the bridge in more detail. FIG. 7 shoWs 
the cover plate 39 in place. FIG. 8 shoWs a different 
con?guration of cover plate and basic element; that is a 
different Way of constructing a bridge. FIG. 9 is like FIG. 
8, shoWing a perforated bridge cover plate, Which in the 
bridge creates some open cells or through-holes. See also 
FIG. 15. 

[0052] Bridge 25A can be considered as a beam, for 
resisting horiZontal loads and for supporting vertical loads 
carried on the top of the pallet. The cells are bounded or 
de?ned by ribs. All or most of the cells are closed. The 
special con?guration of the ribs and cells provides the 
desired shock absorber properties. As shoWn in FIG. 7, in 
the ?nished assembly, all the ribs of the bridge are connected 
to the top plate 39 and bottom plate 37, and the construction 
provides good support for vertical loads, better than When 
the cells are open. See also FIGS. 8 and 9. 

[0053] The frame may be constructed by injection mold 
ing a pocketed basic frame element 70 Which part of the 
larger element 45, and then attaching a ?at cover plate 39 to 
make a unitary structure, as shoWn in FIG. 7. The cover 
plate may be attached to the element 70 by hot plate Welding, 
vibratory Welding, ultrasonic Welding, and other knoWn 
processes, less preferably including mechanical fastening 
and snap ?ts. The cells of element 70 thus become closed 
cells inside the impact absorber. With reference to FIG. 5 
through FIG. 7, element 70 of the frame has a multiplicity 
of cells 29, 41, 33, 35 Which are de?ned by lengthWise ribs 
40 and cross ribs 43. The bottom surface of the bridge and 
impact absorber is provided by integral plate 37. In an 
example of the invention, the bottom plate 37 is about 0.09 
in. thick, the top plate is about 0.10 inch thick and the cells 
are about 0.5 inch high. The ribs are typically about 0.2 inch 
thick. Thus, the heights of the cells are about 70% of the 
height (thickness) of the frame. 

[0054] The rib arrangement, Which is con?gured to dis 
tribute load in a special Way, can be characteriZed by 
referring to the shape of the cells or pockets Which the ribs 
de?ne and bound. With reference to FIG. 5 through FIG. 7, 
the siZe of the cells increases from the outer edge to the inner 
edge of the bridge. As a corollary, the density of rails is 
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greater near the outer edge. Thus the stiffness is higher and 
the compliance is loWer at the outer part of the bridge than 
it is at the inner part. Preferably, there are four roWs 82, 84, 
86 and 88 of cells, Which comprise four different lengthWise 
Zones of the bridge. Their shape and dimensions can be 
ascertained from FIGS. 5 and 6. 

[0055] More speci?cally, the cells 29 of roW or Zone 82, 
Which is nearest the outer edge rail 27A of the bridge, have 
a ?rst siZe. All cells have the same Width, Where Width 
corresponds With bridge Width. The cells in the different 
roWs have different shapes. Cells 33 of the third Zone 86 and 
fourth roW 88 are the same siZe length, and their lengths are 
tWice that of the cells 29, 41. As can be seen, rails 43 Which 
de?ne the innermost cells are continuous across the Width of 
the bridge. Also, inside radii of the corners of the cells 
decrease With cell distance from edge 27A, to also help 
increase compliance. As shoWn in the variation of FIG. 6, 
radii at the outer ends of the cells 29A of the outer roW 82A 
are great enough to provide a strong arch shape at the outer 
rail 27A. 

[0056] In use, When there is a deforming concentrated 
impact load applied to edge 27A of the frame Which com 
prises bridge 25A, the bridge deforms as a complex beam, 
to distribute the load and resist deformation. At the point of 
impact, the closely spaced ribs of the ?rst roW of cells 
transfer local compressive and bending loads to the ribs of 
the second roW of cells, as Well as to the attached upper and 
loWer plates 37, 39. The close spacing of the ribs and the 
curved comers of the cells in the Zones nearer to the outer 
edge of the bridge provide good strength, to help the 
outermost rib or edge 27A avoid fracturing. The portion of 
the bridge Which is nearest the interior of the pallet has larger 
cells and feWer ribs. It is largely subjected to tensile and 
bending stresses, and has suf?cient structure to carry the less 
concentrated loads transferred to it. It another Way of 
characterizing the bridge of this invention embodiment, the 
inner region of the bridge has loWer bulk density and thus 
loWer section modulus than does the outer region. 

[0057] FIG. 4 through 7 imply a certain method of con 
struction, i.e., forming a basic element 70 having open 
pockets and then attaching a ?at cover plate to make the 
pockets into closed cells. Another method of constructing 
the bridge is illustrated by means of FIGS. 8, 9, 14, and 15, 
and it is described beloW, since it facilitates the inclusion of 
a metal stay 55 When that is desired. The method is described 
further beloW. 

[0058] An impact absorbing bridge of the type just 
described, When made of industrial polypropylene, is 
capable of resiliently deforming laterally at least 0.5 to 1.5 
inches. That is up to about 12 percent of the about 12 inch 
open span of the bridge. When pallet 22A of FIG. 4 is 
compared to pallet 22 of FIG. 1 and to pallets of the prior 
art in a test simulating the bloW of the heel of the tine of a 
lifting fork, pallet 22A excels. The special rib and cavity 
con?guration minimiZes the tendency of the bridge to tear. 
Since the deck is spaced apart from the bridge a suf?cient 
distance, When deforming under load, the bridge Will not 
contact and damage the edge of the deck. When the load is 
Within the design limit, the maximum deformation of the 
impact absorber does not exceed the elastic limit of the 
plastic elements. And even if the deformation exceeds the 
elastic or plastic limit of the impact absorber, the deck may 
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still be protected from permanent deformation, since it is 
spaced apart from the bridge in the preferred embodiment of 
FIG. 4. 

[0059] As shoWn by FIG. 9, and also in FIG. 15, an 
alternate embodiment bridge 25C may have some open cells 
amongst the preponderant multiplicity of closed cells. 
LengthWise spaced apart open cells are formed by means of 
through-holes 53 in the top plate and corresponding holes in 
the bottom plates. Open cells alloW drainage and in particu 
lar, When appropriately placed, they enable ?re sprinkler 
Water to preferentially fall onto the outer rails. While the 
closed cell construction of the bridge is preferred, in the 
generality of the invention, bridges for a pallet of the type 
Which includes a subframe or other suspension system may 
alternatively have some or all open cells, like those in the 
bridges 25 of pallet 20. LikeWise, pallet 20 may have all or 
partially closed cells. 

[0060] FeWer or more than the preferred four compliance 
Zones may be used in the invention relating to pallet 20A, 
and they may less preferably change from loW compliance 
at the outer edge In another embodiment, a bridge has 
uniform impact absorbing structure across its Width, When 
the deck is not attached to the bridge, but spaced part as by 
the subframe mounting or other means. 

[0061] A typical distinct property compliance Zone in the 
invention Will have a Width, or horiZontal plane measure 
ment, Which is a signi?cant fraction, for example at least 20 
percent, of the Width of the bridge. In pallet 20 of FIG. 1, 
the nominal Widths of the Zones 79, 81, 62, as they run from 
exterior to interior of the frame are respectively about 30, 20 
and 40 percent of the Whole Width of a bridge, for instance, 
an exemplary about 5 inch Wide bridge. In pallet 20A, the 
Width of each of the Zones 82, 84, 86, 88 is about 20-25 
percent of the Width of the bridge, for instance in an 
exemplary 4.3 inch Wide bridge. 

[0062] While the embodiments described have largely 
step changes in compliance across the Width of the bridge, 
more sophisticated design may be used to obtain more 
gradual progression across the Width. In such instance, the 
term Zone Will be applied to mean a lengthWise portion of 
the bridge Which is at least 20 percent of the bridge Width. 
While the impact absorbing bridge has been described in 
terms of substantially constant thickness vertical ribs Which 
de?ne cells of different dimension and shape, Within the 
generality of the invention, the rib thickness and orientation 
may vary along With, or independently of, variation in the 
cell con?gurations. In another alternative, the bridge can 
have changing compliance across its Width as a result of 
parameter change other than rib and cell siZe. For instance, 
at least a portion of the desired change in compliance may 
be obtained by changing the density of the material, as by 
incorporating a multiplicity of relatively of small closed 
cells formed during the molding process. HoWever, doing 
that Will not achieve the directional structure properties 
achieved by vertical running ribs, particularly for open cell 
construction. In another alternative, different property plas 
tic material Zones may be used, as may be achieved by 
dual-shot injection molding of polypropylene in combina 
tion With an elastomer such as SantopreneTM elastomer 
While the invention has been described in terms of a metal 
deck, the invention can be applied to pallets having corru 
gated decks of other materials, and to other decks Which are 
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taught by the art, including Wholly plastic injection molded 
decks, blow molded decks, decks made by pultrusion, etc. 

[0063] A stay may be used With the foregoing impact 
absorbing bridge, to make it even more effective in resisting 
impact bloWs. A stay is a band of metal or other high 
modulus material (compared to the plastic) Which runs near 
the outer edge of the bridge. FIG. 10 is a partial top vieW, 
and FIG. 11 is a partial vertical cross section, of pallet 120 
Which is like pallet 20. In FIG. 10 through FIG. 12, numbers 
for elements Which are preceded by the digit 1 to denote 
elements corresponding to prior tWo digit number elements. 
Each side of pallet 120 has tWo metal stays 155A, 155B. 
Each stay runs along the front edge of one of the bridges 
125. The ends of the stays are anchored in the plastic frame 
Where it runs over columns 132. 

[0064] FIG. 12 schematically illustrates hoW a bridge 
having a stay deforms When impacted by an object 42 like 
a tine heel, Which has traveled along the angled arroW-path 
shoWn. The deformation position of the stay 155 (and the 
position of the outer edge of the bridge along Which it lies) 
is schematically indicated in phantom by stay 155P. When 
performing Within its design limit, the inner most Zone of 
bridge 125 Will not deform substantially, and thus the edge 
of deck 122 Will not be damaged by the impact. 

[0065] When impacted Within its design limit, the stay and 
bridge deform elastically; and, When the load is removed 
they return to their original positions. The impact creates a 
substantial tension in the stay, and the resultant resolved 
vector force at the impact point opposes the load of the 
impact. In doing that, the stay transfers signi?cant parts of 
the load to the stay anchor means. In experiments, defor 
mation of an about 12 inch span bridge Was largely con 
centrated in the center 4 to 6 inches of the bridge, When the 
bridge Was hit in the exact center. 

[0066] Stays 155 may be applied to pallets in different 
Ways. In FIG. 10, each bridge has a separate stay. In an 
alternative, the stay runs from one corner of the pallet to the 
other, spanning tWo bridges. See the leader board of the 
Wood pallet in FIG. 18. In another alternative, not shoWn, 
the stay runs circumscribes the pallet and attaches to itself. 
Separate stays With separate anchors are preferred because 
there Will be a lesser extent of failure if there is failure of the 
stay at one bridge location. Preferably, the stay contained 
Within plastic material, as described beloW, to protect it from 
possible corrosive environment. 

[0067] FIG. 13 shoWs alternative stays 155M, 155N, 
155P, 155Q, 155R With associated anchoring point struc 
tures 190M-R. After the ends of the stays are engaged With 
the anchoring structure, the cover of the frame is put in 
place. The plastic anchoring structures optionally include 
metal or other reinforcement. The stays 155M and 155N 
have holes so they attach to projections 190M, 190N. The 
stay 155P has a serpentine end Which is captured Within a 
plurality of closely spaced plastic pins 190P. The stay 155Q 
has a Welded loop end Which engages a pin. The stay 155R 
has a curved and angled end Which is captured Within the 
space betWeen tWo close ?tting buttresses 190R. In FIG. 
16C, a tab 191 is formed at each end of stay 155V, by 
punching and bending out a small WindoW of material. 
When installed, each end of the stay runs betWeen the 
closely spaced pillars of the anchor 190V, so that tab 191 
acts as a barb and prevents lengthWise motion. Other anchor 
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end con?gurations may be used, including combinations of 
the foregoing With the perforations referred to beloW. After 
the ends of the stays are engaged With the anchoring points 
in the plastic basic element of the frame, the cover of the 
frame is put in place to enclose and protect the stay. 
Alternatively, stays may run along the exposed outer edge of 
the bridge, and the stays end can then enter frame interior to 
engage the anchors. 

[0068] FIGS. 14 and 15 have relation to What is illustrated 
by FIGS. 8 and 9 namely a design and method of assembly. 
A bridge assembly comprised tWo main pieces: a basic 
element 170 and a cover plate 139. Cover plate 139 has a 
buttress 177, or male portion, comprised of doWnWard 
projecting ribs. The buttress has slightly tapered opposing 
sides, for instance running at an angle from vertical of about 
5 degrees. Rib buttress 177 mates With a lengthWise female 
cavity near the other edge of basic element 170, as indicated 
by the arroWs connecting the tWo pieces in the Figures. 
Before the parts are Welded together, the stay is laid into a 
groove on the vertical face of the outermost lengthWise rib 
of the buttress; or it is otherWise temporarily attached. When 
the parts 139, 170 are locally heated so they Will Weld, they 
are pressed together. The tapers provide good ?t and the stay 
is thus captured inside the plastic assembly. 

[0069] FIG. 15 also shoWs another feature of the inven 
tion: Stay 155U is anchored in tWo Ways: First, by anchors 
at its ends, like stay 155R in FIG. 13. Second, by perfora 
tions in the stay Which manifest as opposing side scalloped 
stay edges 79. The face of the rib buttress may have a 
molded in groove Which is plain or has detail features, to 
receive the stay scalloped shape. After placement of the stay, 
the parts 139, 170 are mated and Welded. Molten plastic Will 
tend to How about the stay and its edge perforations, thus 
anchoring it along its length, When the plastic cools and 
hardens. Thus, When there is an impact, stretching of the stay 
Will be resisted by the engagement of the perforations as 
Well as by the anchors. Thus, the tensile force generated in 
the stay is distributed along the length of the frame and aWay 
from the point of impact. 

[0070] When a stay engages the plastic by means of a 
multiplicity of small mechanical features, such as by means 
of edge serrations or other perforations, it is here called 
“distributed anchoring”. As another example, a nominally 
one-half inch high scalloped stay 155V, shoWn in FIG. 16A, 
has offset opposing side scallop perforations. The scallop 
perforations have radii of about 0.5 inch and edge-depths of 
about 0.05 inch. When used With a nominal 12.5 inch span 
bridge, such a steel stay Will be about 14.5 inch long; and, 
it Will have bent ends of about 1.7 inch length L. Various 
other shapes of edge perforations may be used, including 
those Which are sinusoidal or triangle shape. In another 
example, shoWn in FIG. 16B, stay 155W has a plurality of 
small diameter perforations. FIG. 16B also illustrates hoW a 
distributed anchor stay may be straight and have no shaped 
ends for anchors. The plastic material of the bridge Which 
engages the stay perforations may be molded into a subas 
sembly When it is made or may be formed by localiZed 
melting and How of the plastic, as described. The distributed 
anchoring features may be non-uniformly distributed along 
the length of the stay. In substitution of some or all of the 
perforations, a stay may have raised portions such as tabs. 
Alternately, there may be pins or other fasteners through the 
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stay. In still another alternative, adhesive bonding may be 
used, With or Without a mechanical engagement of the type 
described. 

[0071] A representative stay for this and other embodi 
ments, Where the edge of the plastic frame is about 0.7 inch 
high, is a 0.5 inch Wide AISI 1018 carbon steel strip, having 
a hardness of about RB 65-70, a rectangular cross section, a 
thickness of about 0.10 to 0.30 inches, preferably about 
0.015 to 0.021 inches. When the stay is placed Within the 
plastic of the bridge, there is preferably an about 0.13 inch 
layer of plastic covering the stay. Although the stay is thin, 
and even When it is covered With plastic, experiments With 
steel stays shoWn that the stays combination of higher 
hardness and elastic modulus substantially help protect the 
plastic portions of the bridge in resisting localiZed damage 
and fracture, particularly When there are repeated bloWs at 
the same spot. 

[0072] In the invention, the modulus of elasticity, hard 
ness, and tensile strength of the stay material are substan 
tially greater than the comparable properties of the plastic 
material of the frame. For instance, a steel stay has an elastic 
modulus of about 30><106 pounds per square inch Whereas 
polypropylene is about 0.22><106 pounds per square inch. 
Stays of may be comprised of other metals, such as iron 
base, nickel base and cobalt base alloys. Stays may be made 
of non-metals, such as engineered plastic composites With 
continuous carbon ?bers. 

[0073] The section modulus about a vertical midpoint axis 
of a stay is very small. For instance a 0.10 to 0.20 inch by 
0.5 inch rectangular stay, has a section modulus Which is less 
than about 0.0001 inch4, Which is about one-tWentieth of the 
stay section modulus about a horiZontal axis midpoint. It is 
also more than a magnitude less than the vertical axis section 
modulus of a typical bridge thermoplastic portion. These 
aspects emphasiZe hoW the thin ?exible band nature of the 
stay, and its use in the present invention, distinguishes it 
from metal beams Which have been used in pallets for other 
purposes. The aforementioned preferred stay has an aspect 
ratio (height to Width) of greater than 10 to 1, preferably 
about 25 to 1 or greater. Of course the horiZontal thinness of 
the band type of stay also enables it to de?ect horizontally 
Without plastic or permanent deformation. Even though it 
Will compromise some of the foregoing bene?ts, in the 
generality of the invention, a stay may have cross section 
shape other than the preferred ?at stay, for example, a 
C-shape. More than one stay may be used on one bridge. For 
instance, tWo stays may be placed in parallel, either above 
one another, or one in front of the other. 

[0074] The stay invention may be used With pallet frames 
and bridges Which have other types cross section structures 
that those have been are described, With bridges Which have 
no different compliance Zones, and to those pallets, the tops 
of Which have plastic structures Which are not particularly 
intended for impact absorption. Stays may be applied to 
pallets Which have Wholly plastic decks, as in the prior art, 
including decks Which are detachable or integral With 
respect to the other parts of the pallet. While the invention 
has been described in terms of a pallet having a base With 
eight peripheral columns and a center column, the invention 
may be applied to pallets having feWer or more columns, to 
pallets having plate bases, and to pallets Which have a top 
supported on columns, more properly called feet, Which run 
doWnWardly Without any interconnecting base. 
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[0075] The technology of impact absorbing structures and 
stays may be used With predominately Wood pallets, by 
forming a plastic plank Which is attachable to a Wood pallet 
in substitution of a Wood leader board. A leader board is a 
slat (more simply called “leader” hereafter) Which is at the 
end of the deck of a Wood pallet. FIG. 18 shoWs a portion 
of a predominately Wood pallet 220 Which is con?gured 
mostly like a common commercial pallet. The pallet has 
Wood top deck slats 222 Which are fastened to three parallel 
Wood rails 293. The bottoms of the rails are connected by 
bottom plates or cross pieces 233. The cross pieces 233 at 
ends are sometimes called bottom leader boards. The inven 
tion herein Will also be applicable to bottom leader boards, 
although it is described only in terms of a top leader. In the 
invention, the leader at either or both ends is of pallet 220 
made of thermoplastic With impact absorbing characteris 
tics. 

[0076] A leader for a Wood pallet is essentially constructed 
like one side of the top frame of one of the plastic pallets 
Which are described above. FIG. 18 shoWs such a leader 299 
fastened by nailing or screWing to Wood rails 293. The leader 
has impact absorbing Zones 226 at the outer edge in com 
bination With a steel stay 255. The stay is fastened to the 
leader as previously described. The impact absorbing Zones 
Will be comprised of open or closed cells, as previously 
described. The impact absorbing Zone or Zones may com 
prise all the Width of the leader board, in accord With the 
construction of bridge 25A of pallet 20A in FIG. 4, or it may 
comprise one or more impact absorbing Zones in combina 
tion With an inner Zone Which is less compliant, in accord 
With the construction of bridge 25 of pallet 20 in FIG. 1. The 
stay may be exposed or buried Within plastic, as previously 
described. 

[0077] The plastic leader may have only a stay and no 
impact absorbing cell structure. FIG. 19 shoWs such a leader 
399 having stay 255 in vertical cross section. Leader 399 is 
constructed of tWo different property ther'moplastics, by 
means of co-extrusion or other commercial process. The 
plastic interior 296 of comprised of a ?rst inferior property 
material, and the exterior is another property material. For 
example, the interior or core 296 may comprise loW cost and 
loW property material, such as recycled carpet, While the 
exterior or sheath 295 may comprise a material Which has 
better strength and impact properties, such as high density 
polyethylene or polypropylene. In the material combination 
example just given, the interior Will tend to have loWer 
impact resistance, loWer environmental stress crack resis 
tance, and less ductility than the material on the exterior, but 
the resultant leader board Will have loWer cost than a leader 
board made entirely of the better material. 

[0078] The Width a replacement the leader board should be 
minimized, so as to not substantially change the combustion 
characteristics of the pallet and minimiZe cost. Thus a Wood 
slat may be replaced by a leader Which has an outer edge 
portion comprised of plastic and the invention features, and 
an inner portion Which is Wood. The leaders can be used for 
repair of damaged pallets or construction of neW pallets. The 
invention may be applied to pallets having plyWood or other 
continuous surface decks by shortening the deck from the 
original design, so that a leader of the invention can be 
placed at one or both ends. 

[0079] Although this invention has been shoWn and 
described With respect to one or more preferred embodi 
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ments, it Will be understood by those skilled in this art that 
various changes in form and detail thereof may be made 
Without departing from the spirit and scope of the claimed 
invention. 

We claim: 
1. A pallet comprised of: 

a rectangular base; 

a plurality of spaced apart outer columns extending 
upWardly from the periphery of the base; 

a rectangular top, mounted on and attached to the outer 
columns, the top comprising a rectangular frame hav 
ing inner edges and outer edges, the frame comprising 
bridges Which span the spaces betWeen the outer col 
umns; 

a deck, for receiving goods placed on the pallet; and, 

deck support means, for attaching the deck to the top; 

a stay, made of a material having a modulus of elasticity 
greater than that of the material of the frame, extending 
lengthWise along at least one bridge in proximity to the 
outer edge thereof; and, 

means for anchoring the stay, to resist tension forces 
Within the stay Which result from horizontally impacts 
at the outer edge of the bridge. 

2. The pallet of claim 1 Wherein the deck edges are inset 
from the outside edges of the frame, Wherein said at least one 
bridge comprises an impact absorber Zone running length 
Wise along the bridge, Wherein the stay is positioned 
betWeen the Zone and the outer edge of the bridge. 

3. The pallet of claim 1 Wherein the stay runs along the 
surface of the outer edge of said one bridge. 

4. The pallet of claim 1 Wherein the stay is spaced apart 
from the outer edge of said one bridge by a layer of plastic 
material. 

5. The pallet of claim 1 Wherein the stay is one piece and 
extends along the length of tWo adjacent bridges; and 
Wherein the stay is anchored to the frame Where it overlies 
said outer columns. 

6. The pallet of claim 1 Wherein the stay is one piece and 
extends continuously around the entire periphery of the 
frame and the anchoring means comprises attachment of the 
stay ends to each other. 

7. The pallet of claim 1, for use With a forklift device, 
Wherein the pallet has eight columns spaced around the 
periphery of the base and eight bridges spanning the spaces 
betWeen the columns; and Wherein each bridge has a stay. 

8. The pallet of claim 1 Wherein the stay has a rectangular 
cross section and is made of a metal selected from the group 
consisting of iron base alloys, nickel base alloys, and cobalt 
base alloys. 

9. The pallet of claim 8 Wherein the stay is made of 0.010 
to 0.020 inch thick carbon steel having a hardness number 
of at least RockWell B65. 

10. The pallet of claim 5 Wherein the stay has a substan 
tially rectangular cross section and a height to Width aspect 
ratio of at least 10 to l. 

11. The pallet of claim 1 Wherein the stay has a substan 
tially rectangular cross section; and, Wherein the stay has 
section modulus about a horizontal midpoint axis Which is at 
least 20 times the horiZontal section modulus about the 
vertical midpoint axis. 
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12. The pallet of claim 1 Wherein the means for anchoring 
the stay comprises engagement of the ends of the stay With 
portions of the frame Which overlie columns. 

13. The pallet of claim 12 Wherein the stay ends are 
contoured in the plane of the deck and are engaged With 
mating contoured portions of the frame. 

14. The pallet of claim 1 Wherein the means for anchoring 
the stay comprises a multiplicity of anchor points spaced 
apart along the length of the stay. 

15. The pallet of claim 14 Wherein the stay has a multi 
plicity of spaced perforations and Wherein said anchor points 
comprise plastic projections of the frame engaged With said 
perforations. 

16. The pallet of claim 15 Wherein said perforations are 
cut outs along the edge of the stay. 

17. The pallet of claim 15 Wherein the means for anchor 
ing the stay further comprises engagement of the ends of the 
stay With portions of the frame Which overlie columns. 

18. The pallet of claim 1 Wherein the edges of the deck are 
inset from the outside edges of the frame; Wherein, top of the 
pallet further comprises a subframe spaced apart from the 
inner edge of the frame; and, Wherein the deck support 
means comprises attachment of the deck to the subframe. 

19. The pallet of claim 1 Wherein the deck support means 
comprises attachment of the edge of the deck to the sub 
frame. 

20. The pallet of claim 1 Which comprises at least tWo of 
said stays, running in parallel. 

21. The pallet of claim 1 Wherein the pallet is predomi 
nately comprised of polyole?n thermoplastic material and 
the stay is made of metal. 

22. In a predominately thermoplastic pallet of the type 
used With fork lifting devices, having a rectangular top 
comprised of a deck for receiving goods placed on the pallet, 
Wherein the top is supported on eight spaced apart columns 
extending upWardly from the periphery of a rectangular 
base, the improvement Which comprises: 

a top comprised of a thermoplastic frame Which forms the 
outermost portion of the top; 

the frame comprising bridges spanning spaces betWeen 
the columns, having inner edges and outer edges; 

each bridge comprising a lengthWise impact absorber 
Zone proximate the outer edge of the bridge; 

a stay, made of a material having a modulus of elasticity 
greater than that of the frame material, extending 
lengthWise along at least one bridge in proximity to the 
outer edge thereof; and, 

means for anchoring the stay, to resist tension forces 
Within the stay Which result from horiZontally impacts 
at the outer edge of the bridge. 

23. The pallet of claim 22 Where the edges of the deck are 
inset from the outer edges of the top; 

24. The pallet of claim 23 Wherein the exterior dimensions 
of the pallet are about 40 inches><80 inches; and, Wherein 
and the pallet is a GMA type pallet. 

25. The pallet of claim 23 Wherein the pallet is predomi 
nately comprised of a material selected from the group 
Which comprises polyethylene, polypropylene and combi 
nations thereof. 




