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typically anchored to the ground using posts nade of netal, wood or a
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JTECHNICAL FIELD OF THE INVENTION ‘
The present invention relates generally to roadway
safety devices and more particularly, to a guardrail beam

with enhanced stability.

BACKGROUND OF THE INVENTION
A goal of roadway safety is to provide a forgiving
roadway and adjacent roadside for errant motorists.
Guardrails are employed along a roadside to accomplish
iO multiple tasks. Upon vehicle impact, a guardrail must
react as a brake and shock absorber to dissipate the
kinetic energy of the vehicle. Subsequently, the
guardrail acts as a mechanical guide to redirect the
vehicle away from hazards during deceleration and to
15 prevent the vehicle from leaving the road, becoming
airborne or rebounding into traveled lanes of traffic.
For many years, a standard heavy gauge metal
guardrail known as the "W-beam" has been used on the
nation's roadways to accomplish these tasks and others.
20 Named after its characteristic shape, the "W-beam" is
typically anchored to the ground using posts made of
metal, wood or a combination of both.
Recently, there has been a vigorous effort to raise
the performance standards which guardrails must satisfy.

25 Increasingly stringent testing criteria have uncovered
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Al ternative systens have not gai ned w despread i ndustry acceptance. 10

SUMVARY OF gk dINVENTE (N EReiasPert t8E bBerBrRssol LPVEQLAQL,-4 SO provide

an inproved guardrail systemfor use in median strips an% adj acent to
roadways t REEWDr@IEER Y18 pr eB@sorfengdyst recert efisontsmddavering i npact

with a vehisdaddy cbRaieve PolRERr UBET af Mbwshablerand predintable response.

Anot her aspect is to f]‘OVI a cost-effective, retr guardr ai |
whi ch can BE el ksler enbageagPylal 6age effectbyeln. ieu of existing

guardrai | syst emne Yl aboblieindsAgeh LSallolt CYhdS, fudl oy vl ght ’
guardrail with the strengt 0 meet or surpas i ghway saf ety standards.
Still anot REamshedioweve®n, pklov dehangeat dr a¢dmewpabreqwiredi ssi pati ng t he

i mpact energy,.of £ mehicl £, LSi fegtl thaL existing

guardrai | égﬁ{engf 2§9Vaﬁ?g%éé§egﬁnggg?w%g%e ?t%yéé%hattaf%§g§in

accor dance Sfiathi et ek ddte Ngsamf athehpr epehte i nvRhte¢omibyve espstogmag a

guar drai | bea/ Wl & Lobs ef8cesPELLAM fdgE. oA aial | Ly Of Crovns

di sposed | ongitudinally between e top edge tom edge. A first
fol d%may be 30 di sposed longitudinally along the top edge and a second

SUMMARY OF THE INVENTION
One aspect of the present invention is to provide an
improved guardrail system for use in median strips and
adjacent to roadways that more evenly spreads the
15 stresses sustained during impact with a vehicle to create
a more uniform, stable and predictable response. Another
aspect is to provide a cost-effective, retrofitable
guardrail which can be employed interchangeably along
with, or in lieu of existing guardrail systems. Yet
20 another aspect is to provide a lightweight guardrail with
the strength to meet or surpass highway safety standards.
Still another aspect is to provide a guardrail capable of
dissipating the impact energy of vehicle collision more
effectively than existing guardrail systems.
25 Various technical benefits are attained in
accordance with the teachings of the present invention by
employing a guardrail beam with a top edge, bottom edge
and a plurality of crowns disposed longitudinally between
the top edge and the bottom edge. A first fold may be ‘
30 disposed longitudinally along the top edge and a second
fold may be disposed longitudinally along the bottom
edge. For one embodiment, the first fold and the second

fold may have the general configuration of a tubular
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A technical advantage of the present invention

10 includes its ability to effectively withstand and
distribute stresses sustained during impact with a
vehicle. This enhanced stress distribution minimizes
failure of the guardrail beam and provides for a more
stable and predictable response during collision.

15 Accordingly, the guardrail beam can withstand significant
forces of impact while maintaining adequate safety to
vehicles, passengers, and bystanders.

Another technical advantage includes the use of
thinner sheets of selected base materials to form

20 sections of the guardrail beam which minimizes costs
associated with fabrication, transportation and
installation of the guardrail beam.

Still another technical advantage includes a bolt
hole configuration which facilitates the retrofit and/or

25 replacement of existing guardrail systems with one or
more section of a beam formed in accordance with
teachings of the present invention without requiring
substantial modifications to existing equipment and other
portions of each system.

30 Other technical advantages are readily apparent to
one skilled in the art from the following figures,

descriptions, and claims.
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t he referqq 1B 1B of. EIGURE 1; FIGURE 1C i s across section view,

|IIustrat|ngq§%§m' ht‘ercon %??On bet ween a guardrail beam of the present
i nvention and a RIGUREIt] ol agubssiietidideddw of a guardrail system

installed along a roadway, incorporating aspects of the

10 present invention; .

FIGURE 1A is an isometric view, with portions broken
away, illustrating a splice connection between adjacent
sections of guardrail beams, of the guardrail system of
FIGURE 1;

15 FIGURE 1B is a cross section view, taken through the
reference line 1B-1B of FIGURE 1;

FIGURE 1C is a cross section view, illustrating the
interconnection between a guardrail beam of the present
invention and a conventional guardrail beam;

20 FIGURE 1D is a cross section view, illustrating an
alternative interconnection between a guardrail beam of
the present invention and a conventional guardrail beam;

FIGURE 2 is an isometric view of a guardrail beam;

FIGURE 3A is a cross section view, taken along line

25 3A-3A of the guardrail beam of FIGURE 2;

FIGURE 3B is a cross section view, taken along line
3B-3B of the guardrail beam of FIGURE 2;

FIGURE 4 is a cross section of a number of guardrail
beams stacked upon one another, illustrating aspects of

30 the present invention;

FIGURE 5 is a partial cross section, with portions
broken away, illustrating an edge configuration available
for use with the guardrail system of FIGURE 1;




20 FIGURE 1D is a cross section view, illustrating an aﬂkarﬁﬂdﬁn2903

i nt er conn¥Q99692Bet ween a guardrai| beam of the present | RCEFAISIHRI%ERA a
conventional guardrail beam FIGURE 2 is an isonetric view of a guardrai
beam FIGURE 3A is a cross section view, taken along line 25 3A-3A of the
guardrail beamof FIGURE 2; FIGURE 3B is a cross section view, taken al ong
line 3B-3B of the guardrail beamof FI-GURE 2; FIGURE 4 is a cross section
of a nunmber of guardrail beans stacked upon one another, illustrating
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10 FIGURE 9 is a partial cross section, with portions

broken away, illustrating another alternative edge
configuration;

FIGURE 10 is a partial cross section, with portions
broken away, illustrating another alternative edge

15 configuration;

FIGURE 11 is a partial cross section, with portions
broken away, illustrating another alternative edge
configuration;

FIGURE 12 is a partial cross section, with portions

20 broken away, illustrating another alternative edge
configuration;

FIGURE 13 is an isometric view, with portions broken
away, illustrating a guardrail beam, incorporating
teachings of the present invention, installed along a

25 roadway using blockouts and support posts;

FIGURE 14 is an isometric view, with portions broken
away, illustrating a guardrail system incorporating still
further aspects of the present invention installed along
a roadway;

30 FIGURE 15 is a cross section view, illustrating a
guardrail beam associated with the guardrail system shown

in FIGURE 14; and
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anot her alternative edge conflguratlon FIGURE 13 is an isonetric view,
with portions broken away, illustrating a guardrail beam incorporating
teachings of the present invention, installed along a 25 roadway using

bl ockouts and support posts; FIGURE 14 is an isonetric viem/ Wi th portions

br oken
aspects of the present invention Instare

avey, T ERUBREALENG 20U Al v Stam | ncpyparati ng st L, further

is a crossPedét Featebéw, fprIU§Erwumhgtmegyuﬁﬁﬂfajlbﬁaﬂha§§opt©ﬁﬁﬁ with the
guardrail systemshown in FIGURE 14; and WO 00/49232 6 8 AUG 2003
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suitable for use with the guardrail bean1of FIGURE 1. 5 DETAILED

DESCR! PTI ek 11 k6 bﬁ%@‘

its advantage “efe
FI GURES 1-16 ofPrﬁéedradnagbpdumewhscbf kmkepmﬂﬁﬁﬁﬂsiﬂﬁﬁﬁﬁlé& ah&e parts.

and

ts of the present invention.
ring nowin nore detail to

blx

10 Referri ggstgc}ﬁé%lg§ =4 gguapdrai |, system 30 nyS S errirllg?srggvlzlfr? adj acent

to roadway 31

10

15

20

25

30

ectiron O
more detail to FIGURES 1-16 of the drawings, in which

like numerals refer to like parts.

Referring to FIGURE 1, guardrail system 30 is shown
installed adjacent to roadway 31. The direction of
oncoming traffic along roadway 31 is illustrated by
directional arrow 33. Guardrail system 30 includes. a
plurality of support posts 32 anchored adjacent to
roadway 31 with a plurality of guardrail beams 34
attached to support posts 32 and secured by post bolts
37. For illustrative purposes, FIGURE 1 includes one
complete guardrail beam 34 and two partial sections of
adjacent guardrail beams 34 to illustrate the splice
connections between adjoining sections.

Guardrail system 30 may be installed along roadway
31 in order to prevent motor vehicles (not expressly
shown) from leaving roadway 31 and to redirect vehicles
away from hazardous areas without causing serious
injuries to the vehicle's occupants or other motorists.
Guardrail systems incorporating aspects of the present
invention may be used in median strips or shoulders of
highways, roadways, or any path which is likely to
encounter vehicular traffic.

Support posts 32 are provided to support and

maintain guardrail beams 34 in a substantially horizontal
position along roadway 31. Posts 32 are typically
anchored below or alongside roadway 31. Posts 32 may be

fabricated from wood, metal, or a combination of wood and




oncoming traffic along roadway 31 is illustrated by di+8Ald6aP0BBr ow 33.
Guar dr ai WOs80s923% 30 i ncludes a plurality of support postspSussosdsaged
adj acent to 15 roadway 31 with a plurality of guardrail beans 34 attached

to support posts 32 and secured by post bolts 37. For illustrative
pur poses, FIGURE 1 includes one conplete guardrail beam 34 and two parti al
sections of adjacent guardrail beans 34 to illustrate the splice 20

connections between adjoi ning sections. Guardrail system 30 nay be
i nst al | ed neltarlg. r OBbvenk Biayn supportOoppsesembyBeoprveiideldes o not

expressly . sh fromleaying road 31 and to redirect vehicles away
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occupant s erertit.her notorists. QGuardrail systens incorporating aspects of
the present inyention nmay be usg%’i n nmedi,an strips or shoul ders of
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32 may be supplanitc aicat § ey e dforeéal of 04 Macepbhnathan @fi1nogdeard WO
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be provi d&¥3o UBALIITRAG e SPriddit eVAPfed FRaREFoR™PEIa™EPEei fi ed crash
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be 150i gni f ii%%%tnltyiorzr'?%g}} %je V\%chhri\endtggom two wood sections. The

first wood section (not expressly shown) may be disposed
underneath roadway 31. The second wood section (not
expressly shown) may be disposed above roadway 31 with
means for connecting the first wood section with the

15 second wood section. Similarly, support posts 32 may be
comprised of two metal sections, the first metal section
being an I-beam disposed below roadway 31 and the second
metal section being an I-beam disposed above roadway 31,
with means for connecting the I-beam sections together.

20 Alternatively, support posts 32 may comprise a
combination of metal, wood, or other materials such as
composite materials. Various types of support posts will
be described later in more detail, in conjunction with
the alternative embodiments of FIGURES 13 and 14.

25 Referring now to FIGURES 1 and 1A, guardrail beams
34 are secured to support posts 32 through a plurality of
post bolt slots 39 and corresponding post bolts 37.
Similarly, adjacent sections of guardrail beam 34 are
coupled with one another by a plurality of splice bolts

30 36 protruding through splice bolt slots 38. The number,
size and configuration of bolts 36 and 37, and slots 38 N
and 39 may be significantly modified within the teachings
of the present invention. In the illustrated embodiment,
the configuration of slots 38 and 39 and bolts 36 and 37




teachi ngs of the present invention. For instance, suppogt t?ﬂ@@g b? '
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i nvention may be fornmed fromtw wood sections. The first wood section
(not expressly shown) may be disposed underneath roadway 31. The second
wood section (not expressly shown) nmay be di sposed above roadway 31 with
means for connecting the first wood section with the 15 second wood

section. Si Y. SHPPOLL .posts 32 may . be onprised of two netal
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wi th nmeans nect i t he |- beam.sections taqgether. ernatively,
support pos%gggggg%sh%ﬁﬁg?Fge énggﬁgﬁﬁgtPHESanﬁeW%F?eﬁﬁoE?Yobeother
materi al s sechvaded coapesctieenBbetisals. aMar Bous Va@ﬁéﬁgfoEHQPFrt DOfFS\M||
be describ l.ater i re detail, [n.conjunction wt the alternative
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ost bolt slots 39 and coryespondin ost bolts Simlarly, adjacent
gections of guardraitt %gn?§ﬂgﬁrg4 gSEpPEﬁgﬁF?ﬁlbngoﬁm%@h5¥0%ysheﬂtaraIity

of splice hofits BsStmprotiali Bgchhagugbespl ATEPO! $u st 9bBe 3801 THE NUMDET,
size and confi.guration of Olti 36_and 37, and slots 38 and 39 may be
si gni fi cant®% }%t%l?"féi‘%og\’l\?’f FThlthe £BaBRENGEPOBIMeRe: peakdraihveasion. |n

the 1d | ust rad eshyerdinet MBotdesi§Req0BhEgEEBEL 08t 88 SEOLSeB8;apd 39 and bolts
36 and 37 \ﬂ&%é%egszign£ygogog§80-89. Although the émbodiment
illustrated in FIGURE 1 has a generally "W-Beam" shape,
other shapes, including but not limited to a "Thrie-
Beam, " may be suitable for use within the teachings of

15 the present invention, including the embodiments
illustrated in FIGURES 13 and 14.

Guardrail beam 34 is formed in accordance with
teachings of the present invention to demonstrate
improved safety performance. Recently, increased

20 interest in the need for more stringent safety
requirements has culminated in the issuance of the
National Cooperative Highway Research Program Report 350
(NCHRP 350). The performance standards of NCHRP 350
require all new safety hardware to be tested with larger

25 vehicles than required by previous standards. NCHRP 350
evaluates all safety hardware within three areas:
structural adequacy, occupant risk, and vehicle
trajectory. Each area has corresponding evaluation
criteria. The Federal Highway Administration (FHWA)

30 officially adopted these new performance standards and
has ruled that all safety hardware installed after August
of 1998 will be required to meet the new standards.

The geometric configuration of guardrail beam 34, as
illustrated in FIGURES 1 and 2, enhances its ability to
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i ncludi ng nuts and washers may be provided to secure bolts 36 and 37.
Various other 5 mechanical fastening techniques and conponents nay be

enpl oyed within the teachings of the pPesent invention. Guardrail beans 34
are preferably fornmed fromsheets of a.base material such as steel alloys
suitable for use as highway guardrail. In one enbodi nent, guardrail beam
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and bottom edge 44 terminate at folds 52 and 54,
respectively. For the embodiment illustrated in FIGURE
2, folds 52 and 54 turn inwardly toward front face 40 of

15 guardrail beam 34, facing one another. The configuration
of folds 52 and 54 may vary along the lengths of edges 42
and 44. Various configurations of folds 52 and 54
suitable for use in combination along the top or bottom
edge of a particular guardrail beam, or upon alternative

20 embodiments, will be described later in more detail.

Upstream end 70 of each section of guardrail beam 34
is generally defined as the portion beginning at leading
edge 64 and extending approximately thirteen (13) inches
along guardrail beam 34 toward trailing edge 66.

25 Similarly, downstream end 72 of each section is generally
defined as the portion of guardrail beam 34 beginning at
trailing edge 66 and extending approximately thirteen
(13) inches toward the associated leading edge 64.
Intermediate portion 74 of each section of guardrail beam

30 34 extends between respective upstream end 70 and
downstream end 72.

Folds 52 and 54 comprise tubular curls 90 and 92
which preferably extend the entire longitudinal length of
top edge 42 and bottom edge 44, respectively, with the




of 1998 will be-required to neet the new standards. The geo rd

confi gur aty uardrail beam 34, as illustrated in H= 2,
enhanges ?Y(gooe{%i&?fzigty to WO 00/49232 9 ' 8 AUG 2003 PCT/ USFSTZEG¥R29848spond
in a nmore uni formand predictable manner during crash testing and

I n-service inpacts or collisions. Guardrail beam 34 conprises front face
40, and a rear face 41, disposed between top edge 42 and bottom edge 44. 5
Front face 40 is preferably disposed adjacent to roadway 31. First crown

46 and sec W 4 farmed be n t dge 42 and battom edge 44.
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respect i velyB) Forespeecteinteddi nerthe |darsiedd 26k | dofk GHREat 2onkobds 52 and 54

turn d nwar t fa 40 of 15 quardrail beam 34, facing one
anot hger. T#e&ic%sﬁ}lﬁ%rga ic%n anéf%e(ﬁ FPEmP %%ya ry8 aP8¥gVeR¥ | engt hs

of edges 4Zzlcny the Meangicuslioodf ilgieth wt piaferasl SBeandsd4 suitable
guar dr ai 1 beam "5 RO LS i 1AV I St bt S5 4 F| CBBAAESEPPDed | at er
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St endi ny SHROEARHY, h P SR PRI A 5 oy Gusnevar | beam 34
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general |y 90 and 92 to interlock with hemmed portions 56 and 58. =

Guardrail beams 34 are typically fabricated from a

flexible sheetmetal type material which allows adjacent

beéms to be deformed and "snapped'" together to form the

15 interlock at each splice connection. 1In practice, the
interlock between adjacent guardrail beams 34 is formed
in a nested fashion, as opposed to adjacent guardrail
beams 34 sliding together. The interlock at each splice
connection helps keep guardrail beams 34 in alignment,

20 with respect to each other, during a crash event. The
interlock also operates to force the loads encountered by
guardrail system 30 during a crash event in an axial
direction along guardrail beam 34. This load path is
optimum for bolted-joint, splice connection performance

25 and for the overall uniform response of guardrail system
30. This results in maximum energy dissipation from a
colliding vehicle and thus, the optimum overall
performance of guardrail system 30 is achieved.

Splice bolt slots 38 and post bolt slots 39 are

30 elongate, and therefore much larger than the diameter of
bolts 36 and 37, respectively, which extend therethrough.

Slots 38 and 39 allow bolts 36 and 37 additional movement
axially and, therefore, absorb a significant fraction of

the applied force prior to fracture of bolts 36 and 37.




defined as the portion of guardrail beam 34 beginning at -QGAUBnZﬂ@ﬂge 66
and exte 5§proxinately thirteen (13) inches toward tHeT/HSPRIB4Rt ed

| eadi ng edge 64. Internediate portion 74 of each section of guardrail beam
30 34 extends between respective upstrggm end 70 and downstream end 72.

Fol ds 52 and 54 conprise tubular curls 90 and 92 which preferably extend

~the entire longitudinal length of top-edge 42 and bottom edge 44,

respectively, with the WO 00/49232 10 8 - &% 2003 P 99/29848 exception
of downst r Baat ehel72slaEsdadnsndenmsen®oits Yomraidermcahtly bot t om edge 44

term nate 2 4 [ C 110 5 58 (see
FI GURE 1E§:n§g§g€%§|$gﬂgla§ tw?egggcglv E%ﬁn I gur Eﬁ%&% d$f% ?% s 90 and

92 and he da@@rﬁpbh@e%oéhé 88/ mupspacyr ivallong tTheis aniglowsli pest | ength of
guardrail R&pf, 34, tgeéﬁéf&ggaﬁﬁ‘ﬂ’gigngl%ﬂ% tg&at egﬁu%pel | Ce gnnect i on

bet ween adj acent guardrai eans 'S pstream end 70 and
domn§trean¢@n@lW20@f aﬂjB@ehtbQGtgaandsmthhiﬁnfd¥1uﬁeathﬁ1guMsd to allow

t ubul ar ééchﬁg%§n9f9§hg ggg%sa}; gm gbfmﬁdl _A,t%* 29 and 58.

Guar dr a|I eams are rom a eX| T sHéet et al
type materFaEURBI th. al | ows adj acent beanms to.be deformed and "snapped”

together to for%ﬁ%hfnégr g&ﬁrk %egt %a%ﬁebe§ﬂ2%§§QQﬂ§f 40N, Ip practice,

the interlock ween Jacen guar drai in a nested
f ashi on, abebppesead]acedf ageardgaaldbeaiams Baams B34 dsls dil ng toget her. The

| ntggl o ock s{egég@aéfé'fsspsgggeey R BgLRS-KE8R WA A I beams 34 1n

alig
example, a crash event. In many existing guardrails, the

guardrail tends to fail first near bolts positioned at
the lowermost portion of any particular guardrail beam.
Adjacent guardrail beams become dislodged from their

15 respective support posts in the following manner. A
bending force applied through the guardrail beam or
directly at a support post causes separation of the
guardrail beams from the post. The interlock between
adjacent guardrail beams 34 of the present invention

20 minimizes nonuniform bending at the splice and allows
adjacent sections of guardrail beam 34 to slide axially
relative to one another while minimizing local bending in
the vertical plane or separation of the splice
connection. When the splice is impacted directly by an

25 external force, nonuniform deformation and thus local
concentration of stresses that may cause failure of the
splice joint is minimized. Also, forces from applied
loads are distributed more uniformly between adjacent
sections of guardrail beam 34, splice bolts 36 and post

30 bolts 37.

The extreme edges of hemmed portions 56 and 58, at

their termination adjacent trailing edge 66, may be
chamfered as generally designated in FIGURE 1A with the

reference numeral 59, at approximately a forty-five-




, 20 with respect to each other, during a crash event. Ber%ggtgopgck al so
oper at es h&)$ Ice t he | oads encountered by qguardrail sys I'ng a
crash eve Y% axial  direction al ong guardrail beam 34 PCTAUSIIRe848 pat h
is optimumfor bolted-joint, splice connection performance 25 and for the
overal | uniformresponse of guardrail system 30. This results in maxi mum
energy dissipation froma colliding vehicle and thus, the optinmm overal
performance of guardrail system 30 is dachieved. Splice bolt slots 38 and

post bolt éots 39 ar 30 elongate, and therefore nuch |arger than the
di anet er e%ﬁﬁ?sa%% §nd 4%50y e§pecirddl yavibiec hrarmeddantereuhough.

Slots 38 a@b@@s ahd PVbBOhE se36qand 3%gaddily %%hd”&ﬁ? gﬁghaéhﬁk' Ly and,

t her ef or e, absorb a significant fraction of the a orce-prior to
fracture ofboliss FBRBRAT 87 NPORKOF 8923 oFTeAUENA0800ET/ UBIBAROBAS Post

bolt slots Rresh®oss Bﬁ!ﬂt§833rér§e%)ép'lcﬁ’<lell¥/ teoeééguéﬁgaééﬂ‘c' ar to, but

| arger than spljice bolt slots 38 splice spectively. This
al | ows postIU ?%l%7b?6m§b§6rBtaHHPPﬂéﬁaPUéﬁér@9 andi Ay afcadghcsnt

condi tion. Judestabpl bedf. 38Ui tehke B@EoHﬁ%d‘é"tEgl RQ? si?{il E”g% of the

present invention, is illustrated in e I nter ormed at
t he spl|ce'%%ﬁnﬂ%ﬂ?@ﬁ@l%ePﬁé@n3édwaéénﬁeéﬁéﬁﬁréPIabeaﬁnaeanprOV|des a 10

predi ¢t abl euUASBANSE bOafNs £x4eEABLLY rapRhhedal 8hes, 68T £X3EP! erpd crash
event. |In many eX|st|ng guardrail s, tends to ftail Flrst near
g

bolts pOSItq es 59 are partlcu arly useful where hemmed
10 portions 56 and 58 are coupled with folds 52 and 54 of

adjacent guardrail beam 34, but also provide similar
advantages where guardrail beam 34 is coupled with
conventional guardrail beams 76 (see FIGURE 1D). In some
instances the fold may be partially removed or trimmed in
15 order to accommodate various manufacturing operations, or
to facilitate guardrail installation.
As illustrated in FIGURE 1B, a plurality of weep .
holes 68 may be incorporated into tubular curls 90 and
92. Weep holes 68 prevent the buildup of water within
20 the lowermost tubular curl 92. This operates to drain
any water which collects in tubular curl 92 and prevent a
buildup which may lead to corrosion. Areas of local
corrosion could potentially create weak points and
contribute to the failure of guardrail beam 34. In the
25 illustrated embodiment, weep holes 68 are provided in the
lowermost tubular curl 92 as well as the uppermost
tubular curl 90 in order to provide aAreversible
application such that either tubular curl 90 or 92 may be
located at the lowermost position of guardrail beam 34.
30 In one embodiment, weep holes 68 may be provided
every two to three longitudinal feet along guardrail beam
34. 1In the same embodiment, the diameter of weep holes
may be approximately equal to or less than one quarter of

the diameter of tubular curl 92. The size, number and




the | owernost portion of any particul ar guardrail beam mt% rdrail
beams be¥R@0d9232 odged fromtheir 15 respective support p $ /w
foll owi ng manner. A bending force applied through the guardrail beam or
directly at a support post causes sepaégtion of the guardrail beans from
the post. The interlock between adjacent guardrail beans 34 of the present
i nvention 20 m nim zes nonuni form bendi-ng at the splice and al |l ows

adj acent sections of guardrail beam 34 to slide axially relative to one
anot her whédrfhguiationgolfowalerbandiesgmay betheigeificahtplranareedseparation

of the splj .copnection, .\Wen the,splice is inpacted directly by an 25
ext er nal f¥§§%}ﬁn§ﬁ§nﬁF§Fﬁ%8§Fo %a?PSnpgﬁaePﬁuég?%ﬁﬁFoncoﬁﬁentration of
stresses thequimgdchysgifaenl amdiehtt bendsplioae.joint is minimzed. Also,

forces fromapplied |loads are distri uni.form y. between adj acent
sections of gua#%?a??ngégHFgﬁfogﬁlPéegghﬁggggégaﬁﬁdpﬁgtl¥%BSBSPF§ 37. The
ext rene edges bhtéecvrdepodibhobet@eeanddj8cent sébeiontepsi nation adj acent
trailing edge 66, . be ha ed_as geperally designated in Fl GURE 1A
with the %“g"f‘%‘?’é%gﬁ%ﬁﬁ%r 3? ng, %g‘ﬁ BﬁﬁFgQFnéPE? EXCRor t FURFIE2E1AUG 2003 WO
00/ 49232 RSH#hS99 129848142 Begusedangl eonfMiseribhewiohyd gay be trinmmed and

' er to a S. Inthis

manner, tHEBREPLRE COPRERS LARA cHURE ar heRREES. Pr { FBno. 6SRRETSE ar o

| ess |ikelintPIGERE Ad]aceolds guaediach branshddovériuUbubasmedrls 90 and

gt 2 | Seamaianth PeePedt folaN dPatBnpacion betueen o' 10 01 ON¢

guardrail beam 34 and conventional guardrail beam 76
within a single guardrail system, to maintain the
benefits described herein. Accordingly, guardrail beams
34 may be incorporated into existing guardrail gystems as
15 needed, and an entire retrofit of any particular
guardrail system is not required in order to recognize
the benefits of the present invention. In a manner .
similar to that described with respect to FIGURES 1A and
1B, edges 78 and 79 of conventional guardrail beam 76

20 cooperate with folds 52 and 54, to distribute loads
during a crash event. 1In fact, the overall geometry of
guardrail beam 34 is configured to accommodate a close
fit between conventional guardrail beams 76 and guardrail
beams 34, respectively.

25 FIGURE 1D illustrates a cross section view of
guardrail beam 34 coupled with conventional guardrail
beam 76. This configuration is available where upstream
end 70 of guardrail beam 34 is coupled with conventional
guardrail beam 76. Hemmed portions 56 and 58 cooperate

30 with edges 78 and 79 to allow guardrail beams 34 and 76
to slide relative to one another during a crash event as
described previously.

The crogs sectional configﬁration of folds 52 and
54, taken through intermediate portion 74, is illustrated




guardrail beam 34 without formng a snag, or a tear. -\Themﬁhgugr dge€s
59 are pawd goMesyr! Y useful where hemmed 10 portions 56 a 5 pl ed
with fol ds 52 and 54 of adj acent guardrail beam 34, but aP§3/HP¥9984e

simlar advantages where guardrail beam 34 is coupled with conventional

guardrail beans 76 (see FIGURE 1D) . Im4sone instances the fold may be
partially renmoved or trinmmed in 15 order to acconmpdate various
manuf acturi ng operations, or to facilitate guardrail installation. As

il lustrated, & 1B, urality of we ol es 68_nmay be incorporated
i nto tubul g‘rﬂ ?&r: S QgAandA%gg. lﬁééﬁc%‘&lé’?ﬁgpﬂ}%/eﬁ% 3 %%jilll%nﬁ% BRrewat er
wi thin 20 demdredeconstigurbttian ofif buBlathicuirapersat esnd ogglrai n any wat er

whi ch col | i_n t | ar, ~cur| nd prevent a__buil dup which may lead to .
corr osi on. %X‘:bzlés?r}o %IQngaIQO &8 gél gﬁ"@oﬁ‘l §EFSEEIYaldiF er ek CHReR points

and contrisettdonowtihd Bailrcembérgnaedwhiilchbeaedtis |dppiexARatslyst rat ed

enbodi nent oles 68 are ovi,ded in the |owernpost tubular curl 92 as-
vel | gas th%%%’@%’%ﬁ? a‘f‘%bﬁFXFggKr PegHers Qfdér Y tproviTke L£LoRERFSI bl e

appl i cati owishdhn thauleirt barltubol andceel. 9@roBnd2 HEY dbod Orated-gt the
| ower nost %%sit.i on _of gh!a drai|l beam 34, 3 Ind’%ﬁ; enbodi nent, weep hol es
68 may be ProvirGSHSSEFer§tEholPoMPhFeEeFaAdit GHPRART 31T oty ks dr ai |

beam 34. bn whe sagendnbpgioRithatehe dhaeet elnaieweemdol 85, my be
appr oxi mat ﬁlgggggual to or less than_one quarter of the diangter of tubul ar
|

curl 92. T & 2hOnBef URUT VDL B618923371 Shpcsaine. ergrs gyingas

10 tubular curls 90 and 92 may have an outer diameter d of
approximately three-fourths of an inch (¥%").
The cross section of FIGURE 3A illustrates a
plurality of fluted beads 50 associated with each of
first crown 46 and second crown 48. Fluted beads 50

15 effectively redistribute material from areas of less

significance to areas of critical importance during a i
crash event. Fluted beads 50 direct deformation of ’
guardrail beam 34 in a direction parallel to guardrail
beam 34, thus absorbing more energy by strengthening |

20 guardrail beam 34 in the longitudinal direction. ’
Although three fluted beads 50 are illustrated upon each
crown 46 and 48 in the embodiment of FIGURE 1B, the total
number of fluted beads 50 may be increased or decreased
according to various design considerations within the

25 teachings of the present invention. In one particular
embodiment, five fluted beads may extend longitudinally
along the tip of each crown 46 and 48. 1In the same
embodiment, all of the fluted beads 50 occurring upon
first crown 46 are within one and one-half inches of

30 center line Ci. Similarly, all of the fluted beads
associated with second crown 48 may be within one and
one-half inches of centerline C2. 1In the illustrated

embodiment, fluted beads 50 are generally rounded and a

smooth transition is provided between adjacent fluted




configuration of weep holes may be significantly varied wthin the
t eachi ng¥@PO4%3E present invention, as required by given BGHUSIH29848

conditions. The configurations of FIGJURES 1A and 1B ill us
i nterconnection between adjacent sectipgs of guardrail 5&%@5 épnpﬁe

present invention. CGuardrail beam 34 may al so be used in conjunction wth,
and al ongsi de conventional guardrail beans 76, as illustrated in FIGURE

1C. Folds 52 and 54 and the overall geometry 10 of guardrail beam 34 all ow
a conbi nat?PerdHet heerThimartmiini zpeast 88sangonosvieneitdral mpiartdy ai | beam 76

Wi thin a si r L, o] LAt Al ~ nef i cribed
her ei n. Ac%%‘%:h@?]g%%ﬁ%#h%%?é%%ﬁssggﬁﬂng)%g %qﬁﬁgglr%p%rxjatb}dgfsﬁt 0 existing
guar drai | Byesenshaped Rrecibso eadian bat nepufectoftet aoid gmovpiatd i cul ar

guardrai | SYSLED | iediPad@ALLL o e OETET SFORGRCANITE . L he Denefits of the
present invention. In a manner simlar to t R a8SErBed with respect to
FI GURES 1A and InpBnethgrs qece@inggt of guandeatilobealamgdadr deai Ibebésent76 20

cooper at et#&ﬁhcﬁoé?cfoﬁ?ef‘,ndo§4a?t8bg£§%iE?Ut hli%a%nfig?‘?;m a crash event.

In fact, e overall geonetry o guardrail beam igured to
accomodat@uardtase béan betwekh dehormt fohdl Sguantrain leddnyptAGznd

guardrai | 9@@{@1 . [.eS | vel 5 F e rates _a Ccross section
vi ew of gcuar r |$éi)le%rr?ﬁ g‘ig%:%%%l% al\%vi ?héggg\ggég oﬁé‘%%tbl&grrdrcéﬁqss beam 76.
Thi s configgeaidonn iBhavallght ecahecenfipgtireanonemd in@ adhsguargr s beam 34

coobdr ot o G e HEEE SRR R B DR S ar | beans 34 and 76 o
slide relative $plire ot Hevleud8 njsaformell evehtinaan depen fete
previously47 of guardrail beam 34. Upper face 47 terminates at a
curl flange 84. Curl flange 84 forms the transition
between upper face 47 and tubular curl 90. Curl flange
15 84 and tubular curl 90 cooperate to form an edge
stiffener for everything below edge 42. This minimizes
possible buckling of the entire guardrail beam 34 during
a crash event. By maximizing the length of curl flange
84, the total area of the region between curl 90 and curl
20 flange 84 is maximized. '
As illustrated in FIGURE 3A, an angle © is formed at
the transition between upper face 47 and curl flange 84.
In the illustrated embodiment, 6 is approximately equal
to thirty degrees. This enables the edge stiffener
25 behavior and also facilitates the incorporation of
guardrail beams 34 into existing guardrail systems.
Angle 6 may be significantly modified within the
teachings of the present invention.
FIGURE 3B illustrates the cross sectional
30 configuration of folds 52 and 54, taken through
downstream end 72. As shown, folds 52 and 54 at
downstream end 72 comprise hemmed portions 56 and 58.
Hemmed portions 56 and 58 allow additional lengths or

sections of guardrail beam 34 to be installed on existing




The cross sectional configuration of folds 52 and 54, E en térﬁﬁﬁﬁ
i nt er medi §fPodidpiz on 74, is illustrated WO 00/49232 14 9) 0

PCT/ US99/ 29848 'In FIGURE 3A. At this location, folds 52 andGUU$228848he
general configuration of tubular curls 90 and 92. Tubular curls 90 and 92
have a generally circular cross sectiomeswth a circunference which extends
approximately 5 two hundred and seventy degrees of a unit circle centered
within tubular curls 90 and 92. In another enbodinent to be discussed

| ater in etail, -t lar _curls 90_and 92 may extend approxi mately
t hree hung'r:geegzglndr?%i?(jF yg'?%ggfgég %FBH‘Q@ Gfi CRciGPEVERtiRTERe same
embodi nent guarduamiil dpeams| 3690wand 92 BRerhaye oFn a%tr%sci?lia%réﬁkef d_of

oxi mat - - rths of _an inc Y411) The cross section of FlI GURE
gg\pirl | ust rg‘!t%ls‘téagqul%@%‘??y o{’aFFBPédgﬁéé%l SengddsEpsieasward each of

first croweots iguksecons of 0fo1d48. 5Bl dhadsheadsH0atbgehbagbivel v

redistribu terl fro eas qf |es significance to areas of critical ,
i npofst anceaﬁuﬁﬁg{saaé%r%%%] géen?ngFﬁngaEe&é@l% °8i pBEL Sdef 8RBt On oOf
guardrai| bBddms34dted ihrBLGURBS par ahieligho 1guandr aih1 B%aﬁﬁééuﬁégﬁs

e

absor bi ng re energy by strengthening 20 guardrail beam 34 int
Iongituding%gﬁﬁ%a é&ﬂ?yéﬁé?ﬁﬁggh three fluted beads 50 are illustrated

upon each crowmwﬂﬁhﬂﬁné8tfﬂvéhﬁn§nbmdhgeEheOEiEhEUBEdéBoft98 5aLgl
nunber of fJl,uted.beads 50 nmay be increased or decreased accoral ngto

various desiigh condRRFRRFRdn Tt PR T RRM25 e dEnPRgS cafinaeegaeseat
i nvanti on. and enbsearidtlardepabodirent dolhkerbhut edgbgads my extend

longitUdin%géﬁling edge 66 of guardrail beam 34. Each section of

guardrail beam 34 is preferably joined with additional
sections of guardrail beam 34 such that they are lapped
in the direction of oncoming traffic to prevent edges

15 which may "snag" a vehicle or object as it travels along
front face 40 of guardrail beam 34. Accordingly, a
section of guardrail beam installed at leading edge 64.
would be installed upon front face 40 of guardrail beam
34, typically forming an overlap of approximately

20 thirteen inches. An additional guardrail beam installed

at trailing edge 66 may be installed upon the rear face

approximately thirteen inches.
Folds 52 and 54 provide for more uniform stress
25 distribution across the associated guardrail section
during vehicle impact. This allows more material to
deform during a crash event thereby absorbing additional
energy. Guardrail beams 34 are subject to a tremendous
amount of twisting during a crash event which results in
30 a significant amount of stress céncentrating on top edge
42 and bottom edge 44. Conventional guardrail beams do
not contain folds 52 and 54 and typically terminate with
"blade edges" at the top and bottom of the cross section

|
41 of guardrail beam 34, forming an overlap of ;
|
\
|
%
(see FIGURE 1C). These edges are susceptible to.




along the tip of each crown 46 and 48. In the same enbodinent, all of the
fluted bowdsos23vccurring upon first crown 46 are w thin gRgyuggmegge- hal f
i nches of 30 center line CL. Simlarly, all of the fluted_ be oci at ed
wi th second crown 48 may be within one and one-half indﬂsﬂémrl i ne
C2. In the illustrated enbodinent, flut®ed beads 50 are general ly rounded
and a snooth transition is provided between adjacent fluted WO 00/49232 15
PCT/ US99/ 29848 8.. AUG 2003 beads 50. This mnimzes stress concentration

points typnpadfedsisne atied e tdhsdar O LIRS A s o hengsyy Jhese shapes
are al so easier to manufacture and provide reduced wear and tear on tools

of manuf ac 95 QU L (TRAV B OH FrenthiRRindr iandieng 3420fy be bent

around a CQW&ll@ti&fh.ObsﬁrﬁgﬁéﬁfeJ@iéné’eQﬂéﬁ? e gdrsg | beam 34 wil |
deformfold 52 into an elliptical @configuration, rather than a generally

circul ar cFEIYentdQNh JURTE Rt PRFBS BINFRLRRTR | TFFSRS nt ai ns many of 10
the benefi tandestidtebSints Pt 1 £6c0D! fo £ 38 isi dipreed yid hip an

upper face .47 of guardrail beam 34. Upper face 47 termnates at a curl
fl ange 84. t8& BUAEHE BAF bRl t L e rAEIRg chinPast wesHl Uipraudnicy 47 and

tubul ar cuklesQ.tsCur] ddaNagy 1or 8dhanghdxbrd ar curl 90 cooperate to forman

edge stiffener for everythi'ng bel owedge 42. This m nimzes possible

buckl i ng of theE¥® rie RRKHR S | SRR 320kRAS rRfgel’ @fash event. By
maxi m zi ng co@en@APdn 0T ifildad | apgel Sdpet o dPlAlvanea Qi 15 4 egi on
between curl 90 and curl 20 flange 84 1I's maxi m zed.

10 point of high stress gradient due to the characteristic
edge stress concentration associated with open sections
of guardrail under bending loads. Thus, initiation of an
edge "bulge" or '"crimp" on a perfect, smooth blade edge
is an imperfection that will grow or propagate easily and

15 rapidly. This stress concentration may be made worse by
the presence of any relatively small edge imperfections,
even those on the order of size of the thickness of the
sheet of base material used to fabricate conventional
guardrail beams.

20 Folds 52 and 54 stabilize guardrail beam 34 and make
it more resistant to twisting while also spreading
stresses at top edge 42 and bottom edge 44 thereby
substantially decreasing the tendency of guardrail beam
34 to tear upon impact. This allows more uniform

25 deformation of guardrail beam 34 between edges 42 and 44,
for example, deformation of first and second crowns 46
and 48, while edges 42 and 44 remain relatively aligned
with one another and maintain their strength.
Accordingly, forces or loads may travel uniformly

30 upstream to downstream through guardrail beam 34 axially.
Forces will not tend to deviate from a lateral axis
running parallel with edges 42 and 44.

Folds 52 and 54 maximize the residual strength of

guardrail beam 34, which makes guardrail beam 34




As illustrated in FIGURE 3A, an angle e is fornmed at ~the transition

bet ween URp§hkfse 47 and curl flange 84. In the iIIustﬁese 13rent
S apprOX|nater equal to thirty degrees. This enables thée 980848f ener
25 behavior and also facilitates the incorporation of guardrail beans 34
into existing guardrail systenms. Angleifp may be significantly nodified
within the teachings of the present invention. FIGURE 3B illustrates the
cross sectional 30 configuration of folds 52 and 54, taken through
downstream 7
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00/ 49232 16 BblgG 2003 Cg/US 9/ 29848 secti ons of guardrat | m 34 or
convent i onal "PYGF AP BE 76 UﬁptﬁAahSo§§PFQ§l@ﬁt&éﬁr@ﬁQnﬁtﬂy

thirteen |ndbg3ee§arlwh& d&abngC@ﬁﬁhﬁgfaEh9m§ §6danﬁo@5'ﬂﬁg tions of folds
u

52 an Lnclu portions 56 and 58, and tub curls 90 and
92, a?e |IFﬁgp}g gnt§YFwe@RE$e@ vhEBignthe Eﬁéchﬂpgsb@fdmé@ussed | ater,
i n nore detarkseAtvehieheibpavel ing al ong the right side of roadway 31
wi || approach fr§E1 istrean1end 70.0or leadin ge 64 10 and subsequently
depart from downsPPedfreRat731gidikyi Pf nguargeas BPagudrdmdilll heam 34.

Each secti oachievguawHeai tubgasy 34utss p;fa@fsﬁébby theegh\éﬂ :;f% addi ttl onal
sections of guardrall beam 34 such that they are |appe the diTection

of Oncon1ng PUCFRE tOAﬁ?BWéHS gdﬁggals the diameter of tubular curl
10 90, t equals the thickness of the sheetmetal, optimum

performance may be achieved when d\t is less than or
equal to 10. This provides maximum rupture strength.
Also, for ultimate stackability during transportation and
handling, large diameter curls 90 and 92 are preferred.

15 The lower limit of the diameter of tubular curl 90 is
related to the size required in order to splice into
conventional guardrail systems. Tubular curl 90, for -
example, should be large enough to accept a blade edge\78
therein, in order to combine conventional guardrail beams

20 76 with guardrail beams 34 of the present invention.

The diameter of tubular curls 90 and 92 are constant
throughout edges 42 and 44, except at downstream and 72,
where hemmed portions 56 and 58 occur. This simplifies
fabrication. In another embodiment, tubular curls 90 and

25 92 may have larger diameters at upstream ends 70 in order
to provide a simplified connection with hemmed portion 56
and 58 of an adjacent guardrail beam 34, or blade edges
78 and 79 associated with a conventional guardrail beam
76.

30 In order to substantially impair the performance of
guardrail beam 34, any edge imperfections must be
approximately equal to the diameter d of folds 52 and 54,
which is significantly larger than the thickness of the
associated sheet of base material used to fabricate

olds 52 and 54 at downstreamend 72 conprise




15 which may "snag" a vehicle or object as it travels along front face 40
of guar drWDI00de23n 34. Accordingly, a section of guardrail pbregydngisal | ed
at | eading edge 64, would be installed upon front face 40 of %ail
beam 34, typically form ng an overl ap 09f appr oxi mat el y t I nches.
An additional guardrail beaminstalled ~"at trailing edge 66 may be

i nstall ed upon the rear face 41 of guardrail beam 34, form ng an overl ap
of approximately thirteen inches. Folds 52 and 54 provide for nore uniform
stress 25 abrstarithigriadn ga.mamrs:saiheb@awm ety dad |56 g5tdeide dyr i Ng

vehicl e | S -al ter| al def or ur i n a crash event
t her eby absor |r?}a§dloﬁjﬁeo(¥1\5? %?‘ue? uﬁja‘}&b’r“;}l r%fdﬁ Kbject to a
t r enendous d:aamlputem‘ tthié simp@ctduéme‘ugg}a &ff ashreaMieite V&Ulqrhdﬁ?"&ﬁtlﬂ n 30 a
significant h%rmunt § S'la entratl ng on top edge 42 and bottom edge

44. Conventi%n o%or‘?'l’cﬂn ottt & 78 & SAGHRE 538 and

typi 6al |y tedrsmd Ipa:tcefmiet hfo t&ﬁﬁt@lﬁﬂgﬁﬁ idtd e dicth 3 ppitpraof the cross
section ( e These, e es ar‘f’?ﬁ’t sceptible to. WO 00/49232 17

PCT/ u399/2 3 3T e?’r‘é SYHER vingawktiRial as

wel | as dgmgeix@wm mmﬁmcﬁwaor@m PRl thgeilhamd ivbocized NSy al I ati on.
| nperfectiqns al og(g_l t.he. ed fén conventional guardrail beans_may becone
stress 5 ¢ e Dra¥lo R JISTINe S PRI 419 W 038 t he

guardrai | mmmlet Al JHY iBhe AP tas vk foRnwaMH ¥ udh B teudis teari ng of
the %uar dr al nd ngerélsdpusrsfeeg tang rrlololtlpst;rbal.taedde t?g:%%ghcgut this
application by increasing the thickness of the edge
condition.
Upon a vehicle's impact with a guardrail, a dynamic
response is obtained from the guardrail. The response

15 may include vibration of the guardrail in a direction
parallel to the ground and perpendicular to the direction
of the vehicle. Conventional guardrail beam sections may
respond somewhat effectively when the waves are in a
direction away from the vehicle. However, as the

20 guardrail returns in a direction toward the wvehicle,
conventional guardrail beams tend to buckle or crimp at
the top and bottom edges. At this point, the guardrail
beam's ability to absorb energy by plastic moment is
significantly deteriorated. Furthermore, as the wvehicle

25 continues its path along the guardrail, it interacts with
the edge of the buckled section. This may result in
tearing of the sheet of base material initiating at the
top edge or bottom edge and may occur in the fegion where
two guardrail beams are overlapped.

30 The synergistic effect of the geometric
configuration of guardrail beam 34, including folds 52
and 54, first crown 46, second crown 48 and their
associated fluted beads 50 includes retarding buckling by
the appropriate redistribution of material about the




conventional "Wbeanm will experience a very |localized. éOqu)G 2 ﬁé hi gh
stress gr & ggdorstue to the characteristic edge stress co a B

associ ated with open sections of guardrail under bending |FETAES992PR48
initiation of an edge "bulge" or "crinp" on a perfect, snooth bl ade edge
Is an inperfection that will grow or prppagate easily and 15 rapidly. This
stress concentration nmay be nade worse by the presence of any relatively
smal | edge inperfections even t hose on the order of size of the thickness

of the she used to fabricate conventional _guardrail
beans. 20 Fg{r%l d&g4 sta%c??%%eg ?d?ﬁ?FlBEaHF§Ee§ﬁ&eﬁal9§ it nore
resi stant t@u@mmlhgomlm,al tslme:sqms}eaﬁmegeaeiﬁgswe ghitlepeedge 42 and

bott om edge,. Y, nt| decreasjng t t endency of guardrai
beam 34 to félséléér{%%&eén ?rstyu W‘ﬁai%%/ﬁioﬁ% PRt &Y uni BF% s£L@etd™edi on of

guar dr ai | b@gmmz&mtwmm:esigesbw&m%ﬂ%aséO«rle}iaﬁptﬁe gabegratihon of
42 and 44 remain relatively-

f tg and s 46 _a e ed
a:r;negn Wi one an§¥%éf> lﬁnﬁﬁﬁ@uﬁlT?Eﬁrg§$?%n§%HUtlﬂécéﬁdlngly, forces

or | oads nayormpaned twmid c:mﬁin}ﬂ &&&Wg@%t@@@%g&tregﬁé}:@fg%h guardrai |
beam 34 amiHlyc?ra For.ces \3984 ﬁ{ tend to deviate froma |ateral axis

runni ng par l%r?%ﬁﬂ; O S¥HR UL G3N5hY SEPKAXPRi ze t he

resi dual ststengidriofandusssdrstidndeears %en&\hhgll‘eﬂ@k@éfgéé&‘ijgﬁ' | sheam 34dV\0
00/ 49232 18 8PN99 3 9/ 29848 resistant _to tfear at its m.dsection, an
prevents cracks (fqﬁ? l?qéinﬁy%ﬁﬂﬁﬁﬁ}mﬁﬁam§he BetAfuRer angde of

10 54 stabilize the guardrall and make it more resistant to
twisting, while also distributing the stresses at top
edge 42 and bottom edge 44, thereby decreasing peak
stresses and thus the risk of a tear in the sheet of base
material. Fluted beads 50 redistribute the mass of

15 guardrail beam 34 to provide more material at the point
of impact during a collision.

Guardrail beam 34 of FIGURE 2 may retain some of the
standard dimensions associated with conventional "W-Beam"
guardrails. Furthermore, bolt holes 38 may be configured

20 to allow guardrail beam 34 to be installed along side of,
and to be retrofitable with conventional "W-Beam"
guardrail, when desirable. Guardrail beam 34 may also be
used in conjunction with a variety of guardrail end
treatments including those currently available and in

25 widespread use.

Guardrail beam 34 of the present invention may be
manufactured employing conventional "roll form" methods
utilizing .068 inch thick steel alloy material. This is
a substantially lighter gauge material than conventional

30 guardrail beams and allows a total weight savings of
approximately twenty-five percent (25%). Accordingly,

guardrail system 30 of the present invention is stronger,

allowing the component sheetmetal wmaterial to be lighter

and thinner than in conventional applications. This




tubul ar curl 90 of FIGURE 3A is approximately 230-270 ' Wrggﬂ\m si ze of
tubul ar WO 0049282 and 92 may be 5 significantly nodified wh g 126848

teachi ngs of the present invention. The largest rigidity of guardrail beam
34 will be achieved when tubul ar curlg 90 and 92 have the greatest

di aneter. Assuming d equals the dianet } of tubular curl 10 90, t equals
the thickness of the sheetnetal, optimm performance may be achi eved when
d\t is less than or equal to 10. This provides maxi mumrupture strength.

Al so, for simphbfeestankabilatyodyr bpgalllanspey thanined gud-tiasidigeg, | arge

di aneter curls_90 and 9 re preferred I.s The, lawer Jinit of the dianeter
of tubularaﬁﬁr?gQBOPge 53?8F8§dt8n9hén§ﬁféf>lﬁﬁ%W@& fo P4 f%lice into
conventiongd. gusl g6 pi indystansl Fehubanscwfl Rhrdreril &eanplxe sbwul d be

I h 1t t bl ad : 8 th in, i der t nmbi
convent| onerIUss Pall SBEARE 58 FATHH En"BarUSATE SR 84 of Che pr esent

i nvest i on. mdheudépapieitof fubuliastaneks i90 ldnd 2 W dclanHalds t hr oughout
edges 42 and 44, except.at.downstream and .72, = where henmed portions 56 and
58 0ccur . IHFLAG| FRFER1 L8t Phor | CAPLORE PRVATGANS CoirgthH . t ubul ar
curls 90da§1de£5m&|2a1ray§ hgitevlidéQEtind'taEEt ers 3tigm%tzf @maﬁ&sjdﬂ%éat? or der
to provide_a sinplifie onnection wt e artion 56 and 58 of an

adj acent gﬁﬁrﬂ?ﬁi@eggﬁﬂ1 ﬁ?aﬁiybpﬁﬁé E&Gg§qg$§d%%F97@'é&ﬁﬁﬂeﬁ%ﬁPWWth a
conventi ongk gugssedi tobpabpdfatids Wavesdehricudgubseantdsd lof i npair the

perfaormance of guardrail beam 34, any edge inperfections nust be
app#Bxinat%P?régﬁé} P8aPhé4di aneter d of f olds 52 and 54, which is

significantly |argetothanibhgthhbgkaesgpakaineseassRcicat efhshaei; pf base
material used to fabricate , o ’

beam 34 measured from leading edge 64 to trailing edge 66

as illustrated in FIGURE 1, is approximately twenty-five

(25) feet. Other lengths of guardrail section including,

15 but not limited to one-half lengths, or twelve and one-
half foot members, may also be provided within the
teachings of the present invention.

Referring to FIGURE 4, guardrail beam 34 may be
stacked upon additional guardrail beams 34a, 34b, 34c,

20 34d, and 34e. This feature facilitates simplified
manufacture, storage, delivery and handling of multiple
guardrail beams. Accordingly, substantial savings in
material, labor and transportation of guardrail beams
incorporating aspects of the present invention, will be

25 recognized.

FIGURES 5-12 illustrate various guardrail beam
design configurations suitable for use within the
teachings of the present invention. FIGURE 5 illustrates
a cross section taken through a portion of guardrail beam

30 34 at downstream end 72 (see FIGURE 2). Fluted beads 50
are located upon first crown 46. Top edge 42 terminates
at fold 52 configured as hemmed portion 56, to allow for
another guardrail beam to be installed upon guardrail
beam 34. Fold 52 provides additional material and




WO 00/ 49232 PCT/ US99/ 29848 19 8 : AU G 2003 conventional gu r%rT%bb beans.
Fol ds 52 wihoRd3pr OvVide a nore stabilized edge feature-ﬁ@g,p 3 ‘
effectively dissipates the inpact energy of a vehicle col %P8 4h  the
guardrail. Hermmed portions 56 and 58 of FIGURE 3B 5 al so provide for
simplified installation of guardrail h&zam 34 within any given guardrai
system having nultiple guardrail beans or sections. It will be recognized
by those skilled in the art that hemme&d portions 56 and 58 provide

simlar bengfd; oG/ | th t lar _cugls 90 10 and 92, discussed and
i | lustrat ed(a;dr#%ugﬁoufé %gg%p‘g i%géji%%g%y #nE?e‘ﬁ%‘? e 9F8ekeess of the
edge condifttirassegponincehing et wistjagt withoat gtedtimg|, a dynamic
response i s obta r drail._The response 5 may | ncl ude

vi bration of th?lﬁ%rgﬁfﬁsgﬁ?%&?0?11%33@??2 €t PRI Y DRARE and

per pendi culfar thet homiedas ioie of 4 hguaedial®. b&oNVEN | On@kagas dr ai | beam

ey e By A AL e IO L B RS e 11
di rection towand léite sighildr,to cuvedta bhabeguag4dref | Fieass tend to buckl e
b1 11ty t o “HEESEE Sher oy B IIRETY conHetTOTSEL ST 1 bamagasbt or i or at o,
Fur t her nor pprasonha svekift o edymtiqriess i 1spped himtony, thavguardiahl, it
earl ng of PR dfder S TBREL HEREThI 1Y hi R GHTHE OG04 & edge or bot tom
edgéland nmgyacdeadli bedre Iagisamither eco toifogalantiai Ihhe® gy Quer | apped.
56 provides to guardrail beam 34. | '

FIGURE 7 illustrates yet another alternative
available for the top edge of a guardrail beam. As
shown, hemmed portion 280 associated with guardrail beam

15 234 is lapped over twice, to provide additional material
at top edge 242.

A cross section through a portion of guardrail beam
334 is illustrated in FIGURE 8. Notably, there are no
fluted beads present on crown 346 of guardrail beam 334.

20 It will be recognized by those skilled in the art that
the presence or absence of fluted beads from a given
guardrail beam does not determine the type of edge
condition necessary for the guardrail beam. Fluted beads
may, or may not be utilized interchangeably with each

25 edge condition described and illustrated within this
application.

Furthermore, many of the edge conditions discussed
and illustrated throughout this application as occurring
at the top edge or bottom edge of a guardrail beam, may

30 be utilized interchangeably on the top edge, bottom edge
or both. Furthermore, the edge conditions prevalent at
the downstream ends, upstream ends, and/or intermediate
portion of a given guardrail beam may also be utilized

interchangeably. It will be recognized by those skilled




30 The synergistic effect of the geonetric configuration of guardrail beam
34, incl wdepsd ds 52 and 54, first crown 46, second cr ewyukdaeydst heir
associ ated fluted beads 50 includes retarding buckling by the appropriate
redistribution of material about the V\? 00/ 49232 20 8 AUSBREG 2003

PCT/ US99/ 29848 cross section to increaééd the section properties of
guardrail beam 34, thereby increasing the failure resistance or buckling
| oad capacity. This effectively optinmzes the distribution of mass within
the guardraml thebeam sthbkas &angllel JeadrailBbeamnelagt £npUbi,0Bnas
conpared to a solid recgtangul ar _section. Therefore, uardrail beam 34
exhi bits é?@ﬁ??FBgﬁFI? gﬁpESPQthQFr@ﬁgﬁﬁeaﬁapr§§9§ta pe tBeh&Aleng and
deflectioporas deofpaend bageopwvadiitaral aguahdr Bbttbaagagefokds 52 and 10

54 stabilize the gqguardrail and.nake it nore resistant.to tw sting, while
al so distr%ﬁﬁﬁ'ﬁﬁgﬁﬁee§9?e§§8 15 ONSp MY GECKS éﬁdeBBF?BnPédBEe44? t her eby

decr®asi ngep@ek thRer eAsegmandatbupoirta o, slbrobodht eansi Atihezgheet of base
material. Fluted beads 50 redistrihute the mass of 15 guardrail beam 34 to

provi de norler ¥BEBPHEI THE St ABPPOFAL LB ithSallrBur PAGEaCeBALELPBA. Quar dr ai

beam 34 ofr&t&3RELd HB¥ E6hEHBUSANE oRf dfhehestanfandt dbAEBEI RS associ at ed
with conventional "WBeant guardrails. Furthernore, bolt holes 38 may be

confi gur eTRRFEB2ALI BRAGUAFdFATReEe &ie340P0 eAge| RSt BhfeBORFBRgSSPge of

and to be setepéi fahkerwithpeanventional "WBeant guardrail, when
desirable. Guardrail beam 34 may_al so be _used in con%unction with a
vari®ty of guarfifgPFdéngly. tubular curl 390, associated with

guardrail beam 334 is configured similar to tubular curl
90, associated with guardrail beam 34. Therefore,
tubular curl 390 will function similarly to tubular curl
90 as described above.

15 As illustrated in FIGURE 9, tubular curl 490,
associated with guardrail beam 434, has a circular cross
section which completely encloses a round opening 453. .
To this extent, the circumference of tubular curl 490
travels approximately three hundred and sixty degrees of

20 a unit circle centered at the midpoint of round opening
453, In contrast, the circumference of tubular curl 390
(see FIGURE 8) travels approximately two hundred and
seventy degrees along a similar unit circle centered
within enclosed portion 353 associated with tubular curl

25 390. As discussed previously, conventional guardrail
beams 76 (see FIGURE 1C) have free edges, or blade edges
78 and 79 at their associated edge condition. This may
be described as a zero degree circumference associated
with the edge condition.

30 It will be recognized by those skilled in the art
that guardrail beams 34 with edge conditions, or tubular
curls 90 and 92 circumferences ranging from approximately
zero degrees to a full three hundred and sixty degrees
may be utilized within the teachings of the present




treatnments including those currently available and in,25 w despread use.’
GQuar drai | 6&@ 34 of the present invention nmay be manufactured enpl oyi ng
conventio PO¥I fornmt methods utilizi ng .068 inch thi cRCTUS8I/29848 Oy
material. This |s a substantially lighter gauge material fhan co tional
30 guardrail beans and allows a total wgi ght savings of a-pér éafd{ﬁg
twenty-five percent (25% . Accordingly, guardrail system 30 of the present
invention is stronger, allow ng the conponent sheetnetal material to be
|ighter and thinner than in conventional applications. This WO 00/49232 21
~P"9 99/298%%?%3&@“&%%@%&4 dihe byl zgunie rendenntdapgiviean 56 and

58 to be def kg ang-1 HAF Vflﬁlrlhter agg f04 dé{;lreﬁ %Fgl ndi vi dual

sections of guardrail bean134 are easi er whi ch
si npl i fi es BEHEh R 7B INUg aXang msuamgalna:rmmng oprbdkt heppsngduring

installati %eﬁrgq{}hergw%géarg@g_ein@‘ thinner sheetnetal is provided in that
the lighter guardrail beam 34 may deformlocally nore readily during a

crasl? event, asFTcﬁiﬁi%%dQ cﬁrbf} dpadatliv neee saddi pigmat hedgest of 10
guardr ai | t&ﬁ,{alsf_ﬂlo % r?:91tsh sqjl glyepl %L %%t gghg g‘ar drail beam

34 neasured fromlea 4totr I ng edg as 11 G8frated in
FI GURE 1, itcagipmas rﬁaftéllya mmaﬂeptf |Jvéfer(t259nfee?@s ﬂ;luesttengtihs of

Puel ve and s HalT Faor merbaratamet i (Rl SoelE Bakie; BoEhate
t eachi ngs o34 r@%ﬂ%@mehmvmadomomeﬁmlmgsemﬂﬁmﬁ oguardral | beam
34 M8y b€ circular configuration. Many geometric configurations
are available to obtain the benefits associated with the
edge conditions discussed and illustrated throughout this
application.
As illustrated in FIGURE 12, and in contrast to
15 tubular curl 90 of guardrail beam 34 (see FIGURES 1-2),
tubular curls 790 curls inward toward rear face 741 of
guardrail beam 734. This configuration retains the
benefits associated with tubular curl 90 by removing the
blade edge associated with conventional guardrail beams
20 and strengthening the edge condition. Each edge
condition discussed and illustrated within this
application may be reversed to face outward, or toward
the rear face of a given guardrail beam, or inward,
toward the front face of the guardrail beam, within the
25 teachings of the present invention.
| Referring to FIGURE 13, guardrail system 130 is
shown installed adjacent to roadway 31. Guardrail system
130 includes many of the same features and components as
previously described guardrail system 30. For the
30 embodiment of the present invention as shown in FIGURE
13, guardrail system 130 includes a plurality of
blockouts 132 which are disposed between respective

support posts 32 and backface 41 of guardrail beam 34.




stacked upon additional guardrail beams 34a, 34b, 34c, 20 34d, and 34e.
This featWP804%38 | itates sinplified manufacture, storage, PE/US®r2p84nd
handling of nmultiple guardrail beans. Accordingly, substantlal gs in
material, |abor and transportation of ggardrall beans i t?KE?
aspects of the present invention, wll 25 recogni zed. IGURES 5-12
Illustrate various guardrail beam desitgn configurations suitable for use
within the teachings of the present invention. FIGJRE 5 illustrates a
Cross section tGhamdthd@ugysaemoeebodndbnpmmatxﬂg defturtiNeB4 at domnstream

Top edge 45 ESAMRATLST kot BFACEEtc ARTIDUrS A0 UMD ort ToHEEels
al l ow for imsctiéedgadjdreant beamobdway BﬂstdduarduxﬂﬂgﬁywtbmJQBObean134.
Fol.d 92 P ayigaeadd: Phagal, 0L 85l Ao ail V00049295 22, 2003 1 Usosy 29ss
i ncl wdi ng bwgabbng twi rbadivateati wdthFlgdaRArGiill [hesdn o8 35 @mtaéhednapive
beam 134 cGAPPPESE PRPEdLBaIEa 86 Ydt5est HAAT T 150t SPERIEAAD of m | ar
to guardrasbsheaMQSQ @thbGHBEﬁaﬁytbfow@h 4oniporeniti s aaid t Pegtrardsai | beam
34, hemred portlon 1 f to ge 14 | a d rear face
11 Pome @ hBFEVOTE APSGFABEch BHEE S o YR AR T | FBEARE434 o i | ar
to those mﬁembdhmdomothéopreaenpr avivdes ilod GErshain heap1S4re Fl GURE 7
|Ilﬁ%trate%4ye%ugggral& ggg%rnat as been replaced by guardrail beam
834. Guardrail beam 834 as shown in FIGURES 14 and 15
may sometimes be referred to as a thrie-beam.
As best shown in FIGURES 14 and 15, guardrall beam
834 includes front face 240 and a rear face 241.
15 Guardrail beam 230 is preferably mounted on support post
32 with front face 240 disposed adjacent to roadway 31.
Guardrail beam 834 also includes first edge 242 and
second edge 244. For the embodiment of the present
invention as shown in FIGURE 15, the configuration of
20 first edge 242 corresponds generally with previocusly
described top edge 42 and second edge 244 corresponds
generally with previously described bottom edge 44.
Guardrail beam 834 also includes first crown 246, second
crown 248 and third crown 250 disposed between first edge
25 242 and second edge 244. First edge 242, first crown
246, second crown 248, third crown 250 and second edge
244 extend generally parallel with each other along the
length of guardrail beam 834. First edge 242 and second
edge 244 may include respective folds 52 and 54 which
30 were described in detail with respect to guardrail beam
| 34,
For the embodiment of the present invention as shown
in FIGURES 14 and 15, folds 52 and 54 have the general
configuration of previously described tubular curls 90




.

280 associvapeci4928i h guardrail beam 15 234 is | apped over T ovi de
additional material at top edge 242. A cross section thro 48on of
guardrail beam 334 is illustrated in FIGURE 8. Notably, there are no
fluted beads present on crown 346 of gud@rail beam 334. 20 It will be
recogni zed by those skilled in the art that the presence or absence of
fluted beads froma given guardrail beam does not determ ne the type of
edge condi khangnecesgRk d0r o il pe Fl uted beads rmay, or nmay
not be utilized interchangeabl yé?vfnit h?éega({faaz Ee@%% 303 YRbHCWescri bed and
i || ust r at ed“RPERPRTERIONS ENGIE a8 gFhowauriheF FEURES nBiny2 of #hesedge

condi tions dirsgHssed, ar¢ddd ut .this appljcation as
occurring at the top edge or oé@%%e%gbﬁ%%lﬁﬁa?ﬁ?ﬁ?lf%édﬁﬁy 30 be
utilized i nEBFéHERgBaPlYTEd itthe aforf latys] Yeddons @dgech ois hotdyriously

Fur t her nor egethe i gdge qepditd reyv ., t.he downstream ends,
upstream ends, and/or int erltrée I atbg &pﬁﬁ%%%:'fl abeg?r{}e guardrai |l beam may
al so be utilizedFornsemehamypedisiatidns wid Igumerdestyrbeet dysy those skilled
WO 00/ 49232523+ PSL5UR9 94298 -+ AR 3in the art, that a single
guardrai | beam may enpl oy%qﬁg)l%pafrtl Cl.ﬂzggl eaa%%o%cg?fbcf? i Gt At /ISP edge,
and the san®f bheapypsratednvedyd wordittarshirg ahendasinmedge, and that

t hese edge k4,36 cur ,@at_ either of.th ends, the internediate
portion, orfgig?#h%ﬁﬁ??%fl%%d teirsc?UQr?oﬁu?hc}%a];p%f?ad%t“i’a&h,bet he term "edge

condt®i on" provided with only one crown having fluted beads formed

avai lable for the top edge of a guardrail beam As s’hown,,% gBE tion
ughTYSpEe

in accordance with teachings of the present invention.
Although the present invention has been described by
several embodiments, various changes and modifications
may be suggested to one skilled in the art. It is
15 intended that the present invention encompasses such
changes and modifications as fall within the scope of the

present appended claims.




ref e‘rs" to the configuration of the term nation of i-he guardrail beam at
either the top edge or the bottom edge of the guardrail bgamn
SR ALR 2003

Accordi ngly, tubular curl 390, associated with guardrai

configured simlar to tubular curl 90, associated with guardrail beam 34.
Therefore, tubular curl 390 wll function simlarly to tubular curl 90 as
descri bed above. 15 As illustrated in GURE 9, tubular curl 490,
associated with guardrail beam 434, has a circular cross section which
conpl etely encloses a round opening 453. To this extent, the circunference
of tubular curl 490 travels approximtely three hundred and sixty degrees
of 20 a WHAT B CEAIMEIN S ed at the m dpoi nt of round opening 453. In

contrast, thg circ iof Wid ' .8) travels
appr oxi mat el ?'two &hg&%ﬁdg%lcaenag{ fcgsrevl#?gg%?a{t/logegrnegg‘z aafi{‘),%g’ecgﬁ$ﬁ%ﬁ{%ér unit circle
centered wi taltbpedgesl osed portion 353 associated with tubular curl 25 390.

As di scussed previously, conventional guardrail beans 76 (see FI GURE 10
have free eddd®toredgende edges 78 and 79 at their associated edge

condition. Thi phurdBy oib&o@gg alrs'k;l?%ﬁl gty 168 B FhfEAIbELE BERVRAIREI at ed

wi th the edge ‘c It 1 on. e recogni zed by those skilled in the
art t hatp ¢lgeraddhd bateamedS) Wit h- edge conditions, or tubular curls 90 and

nundred and i xty BGRRES conspBERg I Berofihiako ALTeaEimRpd Wroem " °°
pr esent ggsgdpg{;49232 24 PCTI US99/ 29848 8 AUG 2003
a plurality of splice bolt slots formed in the guardrail beam;
10 a plurality of post bolt slots formed in the guardrail beam for attaching the
guardrail beam to a plurality of support posts; ‘
a first fold disposed longitudinally along the top edge;
a second fold disposed longitudinally along the bottom edge; and
the first fold and the second fold cooperating with éach other to more uniformly
15  distribute loads applied to the guardrail at the splice bolt slots and the post bolt slots and to

minimize buckling during a crash event.

2 The guardrail beam of Claim 1, further comprising a plurality of fluted
beads disposed longitudinally along at least one crown.
20 |
3. The guardrail beam of Claim 1, further comprising:
an upstream end;
a downstream end spaced longitudinally from the upstream end;
an intermediate portion disposed between the upstream end and the downstream
25  end, wherein the first and second folds form generally tubular first and second curls within
the upstream and intermediate portion; and

the first and second folds form first and second hemmed portions at the

downstream end.

30 4, The guardrail beam of Claim 3, further comprising:
an interior diameter associated with each of the first and second curls;




invention. Furthernore, the circunference of a given tubular curl may
~travel further than 360 degrees and begin or continue al onggan i 'Ggry
unit circle, lapping over any nunber of tinmes. 5 Fl GURES 10’8n&um ,
illustrate additional edge condition configurations suitable for use
within the teachings of the present invention. As illustrated, folds 552
and 652 associated with guardrail 'beagg 534 and 634 respectively, need not
forma semcircular or 10 circular cofiffiguration. Many geonetric
configurations are available to obtain the benefits associated with the
edge conditions discussed and illustrated throughout this application. As
i |1 ust r thie@@iatdraiFbéadREorhBrising sheéet metal having aigeneraBy unifotna thidmess; @0d of

guardrail beam 34 (see FlI GURES 1-2), ubul ar curls 79 url s, Ln t oward
rear face 74Hegptlo dlféﬁﬁl r‘%tf"m‘baéfﬂe%io t}i‘ﬁ ?@C@Zﬁﬁ? iagﬁpﬁfm%ﬁﬁré&ué} hosg??ue s
benef i tt?mﬁ?éf?d ated with tubular curl 90 by renoving the blade edge

ed w

associ a th conventional guardrail beans 20 and strengthening the edge
condition. Each edge condition discussed and illustrated within this

applj cation be. reverge o fac t.ward, @or t d. r e of a
g:o\eesn guar dr gla?/ b@ta‘?n gwa{ gm O?Og;;?’lgl tﬂe“’?‘?@%‘?\,@écém% tf@%ﬁéﬁé?ai I
beam V\Qrgjr}g{lﬁ{,{al{@y%ﬁtm@ﬁﬁl}hmm.s th@7piement invention. Referring to Fl GURE

13, guar system 130 is= shown installed adjacent to roadway 31. .
GQuardrail system 130 includes nmany of the sane features and conponents as

i ously descri hed dr ai | 0 . th L e pd,  of
D esent i el on 106 EdAa! Prerp LR 3 wiishlin ' Grcith ERROCLABRAIAA ihE
pl ur al i fachQlf thdhRE ktisetodd durtdis @PpRkansteB ot thetanpeof 20010e70idegrees.

10

7. The guardrail beam of Claim 3, further comprising a curl flange forming a
transition between an upper face of the guardrail beam and the first curl and an angle

formed between the curl flange and the upper face approximately equal to or greater than

twenty five degrees.
15
8. The guardrail beam of Claim 3, wherein the first and second hemmed
portions extend approximately thirteen inches longitudinally along the downstream end of
the guardrail beam.
20 9. The guardrail beam of Claim 8, wherein edges associated with the first and

second hemmed portions are chamfered.

10.  The guardrail beam of Claim 1, further comprising the splice bolt slots

configured to allow the guardrail beam to be installed as part of a conventional W-beam

25  guardrail system.
11.  Canceled without prejudice or disclaimer.
12.  The guardrail beam of Claim 1, further comprising:

30 a front face; and
the first and second folds turn toward the front face.




support posts 32 and baekface 41 of guardrail beam-34. WD 00/ 49232

- PCT/ US99/ 29848 25 B AUG 2003 Guardr ai | system 230 i corporathgagﬂ fznﬂger
enbodi ment of the present invention is shown in FIGURE 14 ¥ E%

adj acent to roadway 31. CGuardrail system 230 includes a plurality of
support posts 32 anchored 5 adjacent to roadway 31 with guardrail beam 834
attached to posts 32 by a plurality post bolts 37. Guardrail system
230 i ncludes many of the conponents arfd features of previously described
guardrail system 30. For the enbodinent of the present invention as shown
in FIGURE 10 14, guardrail beam 34 has been replaced by guardrail beam
834. Cuardrail beam 834 as shown in FIGURES 14 and 15 nay sonetines be

referred to a thrie-beam As . LN, 14 and 15, guardrai
beam 834 ingﬁudes r&WHﬁ?ﬁ%ﬁmﬁfg%§%H§gq$g2§QF§%§H . 15 Quardrail beam
230 is preferabiprapmuatied on support post 32 with front face 240 di sposed
adj acent to roadway 31. Guardrail beam 834 also includes first edge 242
and second ed@%ﬁmﬂndWnﬂﬁ@déﬁﬁ@&?‘ﬁ%rﬁtth‘?ﬁeaﬁa?éepresent i nvention as shown
in FLGQURE 15, the configuration of 20 first edge 242 corresponds generally
Wi th”previously described top edge 42 and second edge 244 corresponds
general |y Wi t|, pr eftie0pgdriirafiebedn efdChaiht hnfuettige camprisiGgar ghaalitybefawee34

al so includes first_crown 246, second crown 248 and third crown 250

di sposedolssdigpesed vithin thejgeeond foldo and second edge 244. First edge 242,
first cromm 246, second crown 248, third crown 250 and second edge 244
extend generally parallel with each other along the |ength of guardrai
beam 834. First edge 242 and second edge 244 may include respective folds
52 and 54 which




36 were described in detail with respect to guardrail beam 34. For the

-.enbodi ment of the present invention as shown in FI"GURES 14 a o T
HADG, G

52 and 54 have the general configuration of previously desch

curls 90 WD 00/ 49232 26 AUG 2003 CT/ US99/ 29848 and 92. However, folds 52
and 54 may have various configurations such as shown in FI GURES 5-12.

First erown 246, second crown 248 ‘and third crown 250 may al so include a
plurality of fluted beads 50 such as dPeviously 5 described with respect to
guardrail beam 34. For sone applications, a guardrail beam nmay be provided
with a fold formed in accordance with teachings of the present invention

extendi ng al 959 ol guaddiail beanigbi inslallatioresigag a Adaivaycopmrisitigai | beam may be
10 provided with only one crown having fluted beads forned in accordance
wi t h t eachi ng¢opgdgehe present invention. Al though the present invention
has been desg%ioﬁéraeg e Sever al enbodi nents, various changes and

nodi fi cation ’suggested to one skilled in the art. It is 15

i ntended t haht feh@ dneasewh disposed longitedinalipakmgsths goirdraihbeupe betwedn the
nodi fications as fall within the scope of the present appended clains. - 8
AUG 20p3dgy andsie bofom edgeamd S: 1. A guardrail beamfor installation

along a r 0adYAN, <t SRIRNLA' YA forthed IR afid8RpoRd it diRidinaflg Glong the at least one

crown.

16.  The guardrail beam of Claim 15, further comprising a first fold disposed
10 along the top edge, and a second fold disposed along the bottom edge which cooperate

with the at least one fluted bead to minimize buckling of the guardrail beam.

17.  The guardrail beam of Claim 16 wherein at least a portion of the first and
second folds form first and second hemmed portions.

15
18.  The guardrail beam of Claim 16 wherein at least a portion of the first and

second folds form first and second tubular curls.




|
|
|

I

|

5 a plurality of crowns disposed |ongitudinally along the guar dr% éiﬁﬁ?

. hetween the top edge and the bottom edge; the crowns corre&p&nA

the configuration of a conventional Wbeam guardrail; - a plurality of
splice bolt slots forned in the guardrail beam 10 a plurality of post bolt
slots formed in the guardrail beamfor attaching the guardrail beamto a
plurality of support posts; a first fold disposed |ongitudinally along the
top edge; a second fol d di sposed | ongBludinally al ong the bottom edge; and
the first fold and the second fold cooperating with each other to nore
uniformy 15 distribute |oads applied to the guardrail at the splice bolt
slots and t hggpostrhBehhrdsdiPbéanBEIClaém 15i fattheredniprisiig:ng during a crash
event. 2. The guardrail beamof Caiml1, further conprising a plurality of
fluted beadsndpsireaseend; ongitudinally along at |east one crown. 20 3. The

guardrail beam of Claim furth kS .eam end; a

downst r eam eﬁg]o‘é'aﬁtée@ﬁl F’B‘%Eﬁatcﬁ%ior?gft?@ﬁ?ir?%%%?ﬁ%eﬁggtﬁ%giﬁdénd_; an internediate
portion di spgsesteRRAMME Hortién uss?bgeaalmmeh dredupstreantoents ande the: d@gnsiredm
wherein the first and second folds formgenerally tubular first and second
curls wendiin the upstreamand internediate portion; and the first and
second folds _formf.i st . ﬁfgﬂ?@d ! u antl @A Side e end.
30 4. The guﬁr@ﬁsg}t?bl{%%aﬁ]ﬁggdlgoggﬁ%, urtﬁ@feg%frgfiﬂg nEg)%I?ean interior

di amet eini@afddtepationj t h each of the first and second curls; -8- AUG 2003

28 the guardrail beam conprising sheet t hayi n I ! m
t hi ckness: aadgeeand tabalapcerl dﬂﬂﬁésqdng@?g S%%Q%Péﬁe %otgF %ﬁ&ﬁﬁ?‘% %%g@&w
appr oxi %&a?‘(fqﬁ‘sjﬁo;lp or less than ten. 5 5. The guardrail beamof Caim

te
4, V\hergrf%ﬁmi errbr diameter is approximately within the range of 0.5
to 9975 i nchagirst hemmed portion disposed on the top edge at the downstream end; and

a second hemmed portion disposed on the bottom edge at the downstream end.

20.  Canceled without prejudice or disclaimer.
15 21.  Canceled without prejudice or disclaimer.
22.  Canceled without prejudice or disclaimer.

23.  Canceled without prejudice or disclaimer.

20




.

6. The guardrail beam of C aim 3, wherein a circunference associated with
““each of the first and second curls is approximately-within +8 AldGu2068 200
to 270 degrees. 10 7. The guardrail beamof Caim3, further conprising a
curl flange formng a transition between an upper face of the guardrail
beam and the first curl and an angle fornmed between the curl flange and
t he upper face approximately equal to\%’gr greater than twenty five degrees.
15 8. The guardrail beam of Caim 3, erein the first and second hemmed
portions extend approximtely thirteen inches longitudinally along the
downstream end of the guardrail beam 20 9. The guardrai.l. beam of C aim 8,
wher ei n edge4as s d Buardrpilheam for installation glogs adg > (ERABH Borti ons are
chanf er ed. 10.t a‘gg eguardrai I beam of Claim1l, further conprising the splice
bolt slots &R |g%u’ed to allow the guardrail beamto be installed as part
of a convent iavdomédgeam 25 guardrail system 11. Cancel ed without

prejudi ce or disclainmer. 12. The guardrail beam,of Gaim 1l further

conprising: abdeast W"o?ﬂowff’aé’époscigd@%@‘%f’}ahlé’ta?%ﬁ?@e%@ﬁaﬁ]&e@ Bet¥rent Bfar d

the fro - 29 13. The guardrail beamof Caim1, further
b Oty oo, 002 )

conpri si a rear Ad the first and second folds turn toward the
rear face. 5 atfeastfheedlinedibeads dispeseddéngiiudinally aldngrthéatrleass ope croiwny apd

plurality of wee hol es di sposed 't%n he second fold. -8AUG 2003 30 15.
A guardrai | k?e@ﬁ&o&d‘ﬁ’&%e |1¢f§&’tugwaﬁ”m 8&‘11?'&985@5?/, conprising: a top edge;




kY

. a bottom edge; at |easty one crown di sposed | ongitiidi nally al ong the

guardrail beam between the 5 top edge and the bottom edge; and at | east
one fluted bead forned in and di sposed |ongitudinally al on.g&,mg ZUPaSt
one crown. 16. The guardrail beam of C aim 15, further conprisi aftirst
fold disposed 10 along the top edge, and a second fold di sposed al ong the
bott om edge whi ch cooperate with the &3 | east one fluted bead to m nim ze
buckling of the guardrail beam 17. The guardrail beam of Caim 16 wherein
at least a portion of the first and second folds formfirst and second
hemmed porti ggs. ihati f | mipRig: N at |east a
portion of tgg' fi %ﬁggll%ﬁrcf]hgegggﬁ%%ﬂ gg?%ganq%fai%?wg%ﬁgseco{]?t ubul ar curls.
- 8, AUG 2003 t8deddge; The guardrail beam of C aim 15 further conprising: an
upstream end; ;a _downstream end spaced |ongitudinally fromthe upstream end;
an i nter nmedi étthtBB‘rqqsgSh di sposed between the upstreamend and the
downstream 5 ,efds ﬂnef ¢do%in &iﬁ@éﬁeﬁrloﬁgﬁddix?dll%&.%@gjﬂfé gngdialiebdafd be@en ake t he
upstream end and the internediate portion; a second tubular curl disposed
al on§ t hp dilgetandntiedopdtomt edgee upstream end and the internediate portion; 10

a first hemmed, poriio i sposed. on the t.op.e r . ; and
a second henﬁfel&gﬁé{‘ﬁefeg}‘ﬂ?ﬂs@eﬂ% gEPBWdtnﬁ%glﬁlgjﬂag&\e%@&e&gtg t %ﬁ%@%\ﬁﬁ%’%‘% end.
20. Cancel ed ;uirk¥81 i St Wripgruainatly 9fdngithiebottord 2d@é.. Cancel ed wi t hout

prejudi ce or disclainer. 22. Cancel ed without prejudice or disclainmer. 23.

Cancel ed without prejudice or disclainmer. 20 -8, AUG 2003




L

32 24. A guardrail beamfor installation along a roadway, conprising: a

‘fop edge; a bottom edge; at |east one crown di sposed | ongi tﬁn&ﬁglmj@m

the guardrail beam between the 5 top edge and the bottom e

three fluted beads disposed |longitudinally along the at | east one crown;
and a first fold disposed |longitudinally along the top edge. - 8, AUG 2003
33 25. A guardrail beamfor installatisgn along a roadway, conprising: a
top edge; a bottom edge; at |east one crown disposed |ongitudinally al ong
the guardrail beam between the 5 top edge and the bottom edge; at | east

three fluted beads di sposed, | ongi.tudi nal Ig%qal ong the .at | east one crown,
and a R6rst 4 seardmildsamdar instaliationialeng pyOaWAYy CYRRIIHBEt om edge. - 0 AUG

2003 34 26. A il Iggﬁ L&f..i nstallation along a roadway, conprising:
a top edge aﬁ&%%@grﬁ e ggl? an’ upstream end and a downstream end spaced

| ongi t udi nal lay vpstpeant lead wpdtar dawnstredn erfd spacédlomgitudioally dons thii epstreant

| ongitudinally along the guardrail beam between the top edge and the

bott om &8 '_ , at least three fluted beads disposed |ongitudinally along each
crowg; a fir %Lléak&bcwoa&o&zklé !disgbmaglinmnélnealb@@t drail theamUpawE@atheend
and second tubular curl disposed on the bottom edge at the upstream end;
10 a fi tayt edgerang thet battonedgeosed on the top edge at the downstream end and a
second hemred, portion di sposed. on the bot.t o : downstream end; a
curl flange fbleast es%%sﬁ@%ﬂaf gﬁPM&%&“&Wa@§§@5§F§%%E@ the guardrail

beam and thg g @bulhr@iH 8fsp&dtdlon tAOEbp edge at the upstream end and second tubular

curl disposed on the bottom edge at the upstream end;

10 a first hem pdrtion disposed on the top edge at the downstream end and a second

hemmed portion disposed on the bottom edge at the downstream end;

a curl flange forming a transition between an upper face of the guardrail beam and

the first tubular curl; and
an angle formed between the curl flange and the upper face approximately equal to

15  or greater than twenty-five degrees.




an angle fornmed between the curl flange and the upper face approximtely
equal to 15 or greater than twenty-five degrees. 4 AUG 2003 %BZAUGWBA
guardrail beamfor installation along a roadway, conprising: a top edge; a
bottom edge; a plurality of crowns digposed |ongitudinally along the
guardrail beam between the top edge and the bottom edge; the crowns

correspgandi i.th the configuration.of a conventional Wbeam guardrail;
neans Ifggr 52@&}%’%5 gglﬁ@%ﬁ%%ﬂ‘?%{ Imsffglﬁﬂ‘?’% glong,a IopdR A% OMPKISIE: ai | beam i n an
over | appi ng atBpegse;t 0 forma splice; means for securing the guardrail beam

to a plurality of support posts; a first fold disposed |ongitudinally
al ong the t @pos@reedgs; second fol d di sposed | ongitudinally along the bottom

o uni  or 15 e BF Bk erPSEEAel iR ARG B Praleh B Rl e °

m ni m 2ep adgekand nige ehttonnedge; cr ash event; a downstream end spaced
longitudinally fromthe upstreamend; an internedi ate portion di sposed
bet ween t he RfHEOIVESAPEFTRORMHARS VHE throsonignwtian ehyconvgpiengd W -beam gpardraikng

second f ol dsnahe ﬁ?”&%gﬂé@’(thl\léé%ﬂa‘_}i’gfﬁaiw Bt 6 N ‘é@ﬁkérﬁagﬁé%ﬂﬁilaﬂgmﬁ he

i nternmedi ate portion. e guardrail beam of aim 27, further

conpr i Sverappag manrer tofornl aespbiter associ ated with each of the first and
second curl s_that define ener al tubul ar .cross-sections; the guardrail
beam conpr | SHHE S RE4p O BEFLRN ket Y RREUL PERIPST oSy i ¢ 1 ciness. - and
wher ei n t he arfabt felddisgdied loﬂFRﬁdiﬂﬂlycﬁlék@thﬁo &@gthe thickness is

approxi mately equal to or ess than ten. 29. (NEW The guardrail beam of
Cl ai m 28, wiiseeand foldedisnosed lopgiteflingilytadong the boligin ed8%mt el y within the range

ci rount or entle SESGHRE mut g (] LS PR SR Mber Rl ©
Cr 0Ss- slestithude stréssesapittiin Xhengataedryil bednn aud toheiniraizgbudfling@rihg a crash event;
a downstream end spaced longitudinally from the upstream end;
an intermediate portion disposed between the upstream end and the downstream end,
wherein the first and second folds are generally tubular within the upstream end and thé

intermediate portion.

28.  (NEW) The guardrail beam of Claim 27, further comprising:

an interior diameter associated with each of the first and second curls that define
generally tubular cross-sections;

the guardrail beam comprising base sheet metal having a generally uniform thickness;
and

wherein the ratio of the interior diameter to the thickness is approximately equal to or

less than ten.

29. (NEW) The guardrail beam of Claim 28, wherein the interior diameter is

approximately within the range of 0.5 to 0.75 inches.

30. (NEW) The guardrail beam of Claim 28, wherein a circumference associated with
each of the first and second tubular cross-sections is approximately within the range of 200 to

270 degrees.




270 degrees. - 8; AUG 2003 36 31. (NEW The guardrail beam of C aim 27,
further conprising a curl flange forming a transition betweef, Bp@BﬂS
face of the guardrail beam and the first curl and an angle forne bet ween
the curl flange and the upper face th is approximtely equal to or
greater than twenty five degrees. 3277 (NEW The guardrail beam of C aim
27, further conprising the first and second hemred portions extending
approximately thirteen inches longitudinally along the downstream end of

the gu dral Ehm 1. r I
conprlang respectlvgéﬂd&w a§§§%@§?23 ﬁ#@ﬁbtﬁglﬁﬁf§% anéﬁgé &éhwgﬁned
por t i oitran$itien hqwaem: hlanpmr faamrqfehle guardai freadged tiAfirs{ NEWndTareanglafatneid! beam
of C ai mw27 ﬁ‘lfj ¢ splc&golt sl ats conflquredto al.l ow t he
guar dr 3 1V 584 tcgr gl % fs apPIOHAIAY Saal v eratey g ar ai |
systenhaaﬁyﬁayuageapst boIt slots that allow the guardrail beamto be
secured to support posts. 35. (NEW The guardrail beam of C aim 27,

further conprising: a front face; and the first and second folds turn

t owar d35he %ﬁ%? r her
conprls?ng hﬁgﬁbeg@g gggﬁnlg ﬁg ?Pg?ahgi §£§§ﬁl iﬂ%détﬁgg% (%ﬁ%? hthe
rear faemmed »ﬁbﬂ(BnﬁO@ﬁeﬁdﬁn@?ap]{rbEWateTﬁflethgmrld ihes blpagitefindllyai atoy , theur t her
conpri |n pl ur al g%g‘f W%ﬁ hol es di sposed within the second fold. 38.

( NEW %{Feﬁ%‘?ﬂd Bdral REA8) | ati on al ong a roadway, conprising: a top
edge; a bottom edge; a plurality of crowns disposed |ongitudinally along
the guardrail beam between the top edge and the bottom edge; the crowns

corr espdndi MYEW)t Ahe hgnaedrafl | bpamataf oGlagh 32,c nthentdoopaising/ bespeatiygacdgeai | ;

associated with the first and second hemmed portions having a chamfer formed on each edge.

34, (NEW) The guardrail beam of Claim 27, further comprising splice bolt slots
configured to allow the guardrail beam to be installed as part of a conventional W-beam
guardrail system and having post bolt slots that allow the guardrail beam to be secured to

support posts.

35. (NEW) The guardrail beam of Claim 27, further comprising:
a front face; and

the first and second folds turn toward the front face.

36. (NEW) The guardrail beam of Claim 27, further comprising:
arear face; and

the first and second folds turn toward the rear face.




a plurality of splice bolt slots fornmed in the guardrail beam neans for

securing the guardrail beamto a plurality of support posts; _g A(UB Zde
di sposed longitudinally along the top edge; a second fold dis

| ongi tudinally al ong the bottom edge;_ jhe first fold and the second fold
cooperating with each other to nore iformy distribute stresses within

t he guardral | _beam and to_m nim ze buckling during a crash event; a

downst Péam “ngt?e@lar‘ﬁﬁ’ébﬁwpﬁéﬂlql@ ¥Ts S#riben eompasingapluswlity ofweephelesedi at e
porti 0'81? déonf upstream end and the downstream end, wherein
the firs secon ormtubul ar first and second curls within the
upstream and i ntermedl ate portion; and the splice bolt pattern of the

guardrgpl b eral ly confjgured accqrding to American Association of
State %'ghmwa&n]gbﬁflf begh F‘is@ﬂ%tl“’s‘”((i WELSOBREENEn  ML8O- 89. 39.
(NEW The guaspgleglel beam of Caim 38, further conprising a first fold

di sposed along the top edge, and a second fold disposed along the bottom
edge that cebpdemtedg®i th at |east one fluted bead to mninmze buckli ng of

t he guardrai N ar | .bea ai m 38 ere
I eastg a por pol%gg& ?rﬁgrowg] %VS%OS gelogécdd?\%%? oﬁlo ?‘18 aﬁr‘?}lgg} eae{’l]ld’ ece(S’Int hermed
porti o ed4d and tHEWottlihlee(guardral | beam of Claim 38 wherein at |east a

portion of the first and second folds formin cross-section first and
second t ubufgrereing correspendmaavsb g ceaﬁalzfatwwm converfianat Wi-beaye apardiil;

|
installati org ﬂirﬁ’lgt?o?s;ém%%‘ﬁﬂ%iotgﬁngﬁlé ﬁ@ggm@ré afdge; a bottom edge; at

| east one c sposed longit ong the Juardrail beam between
the top edgmamlﬁbrsmmgthmgnaediglebemtqmphwaﬁmﬁmdpompohmmstream end spaced

| ongi t udi nal | the pst.ream en i nt rrredl ate portion disposed
bet ween t he? 5%? pé’ﬁ H%I‘t‘{ ”éfoq\i/j\?{@t%ﬂ% a first tubular curl

di S|toosed al 9@éboTnHQolﬁ%p%gﬁﬂoﬁéltddli}ﬁﬂw%ﬁinrgqmcﬂ%éd’gé the internediate
portion
the first fold and the second fold cooperating with each other to more uniformly

distribute stresses within the guardrail beam and to minimize buckling during a crash event;

a downstream end spaced longitudinally from the upstream end;

an intermediate portion disposed between the upstream end and the downstream end,
wherein the first and second folds form tubular first and second curls within the upstream and
intermediate portion; and |

the splice bolt pattern of the guardrail beam generally configured according to
American Association of State Highway Transportation Officials (AASHTO) Designation
M180-89.

39. (NEW) The guardrail beam of Claim 38, further comprising a first fold disposed
along the top edge, and a second fold disposed along the bottom edge that cooperate with at

least one fluted bead to minimize buckling of the guardrail beam.

40. (NEW) The guardrail beam of Claim 38 wherein at least a portion of the first and

second folds form first and second hemmed portions.

41.  (NEW) The guardrail beam of Claim 38 wherein at least a portion of the first and

second folds form in cross-section first and second tubular curls.




a second tubular curl disposed along the bottom edge at the upstream end
and the internediate portion; a first hemred portion dispoes Aiy\Gt op
edge at the downstream end; and a second hemred portion di sposed on the
bottom edge at the downstreamend. 43, (NEW A guardrail beam of C aim42
further conprising at |east one flut etf bead  di sposed | ongitudinally al ong
the at | east one crown. 44. (NEW A guardrail beamfor installation along a
roadway, conprising: a top edge and a bottom edge; an upstreamend and a

Cr owns ‘o S pONB T o et Bt i Or BRlol o] A6he RtRa) BRBERE: voon tho top

edge and t hetéwedgem edge; a plurality of post bolt slots disposed within
t he guardrai l beamdf or attaching the guardrail beamto a plurality of
support posfdOURIFIZE general Iy associated with a conventional guardrail

system a fif fhsttdHeWrén Atipbsed 1613@@@@1?%9 aldig th@RuSHER Ban] BE&WERS IHSRP end

and second tubular curl dispose e bottomedge at the upstream end; a
first heésgaandrthe beitainsggssed on the top edge at the downstreamend and a
second he 0 gﬁ%rti onra,di sposed on the bottom edge at the downstream end;

8. AUG 2003%39PE & ¢ flange formng a transition between an upper face of

t he guar dr akldob@aeadnend dpaced lohgitudindlly! feom terdpstrédipderay angl e fornmed between
the curl flange and the upper face approxi mately equal to or greater than

P y
twent y- i ve 2@ &ypasdiateportionghgposed hebish thegipsirpara endand thg dewpsiteaghendecond
guardrail bea e J f rid f recai l
Jyetem. congr Tt npbfal Bl CRep el e At b ST BELIff o YO A
secondirftelddiatepaéon; vel y di sposed on first and second edges of the first

ardrail b ' ' third and f h, ed [ d wth th d
Guar dr i 1 boamed Bper Goieons 8 beli 8386, AR o ome e ="
guar dr gtbrnR@es pefidncoupl ing the first and second guardrail beams wth each

ot her using a p?ural ity of mechanical fasteners.
a first hemmed portion disposed on the top edge at the downstream end; and

a second hemmed portion disposed on the bottom edge at the downstream end.

43. (NEW) A guardrail beam of Claim 42 further comprising at least one fluted bead

disposed longitudinally along the at least one crown.

44. (NEW) A guardrail beam for installation along a roadway, comprising:

a top edge and a bottom edge;

an upstream end and a downstream end spaced longitudinally from the upstream end;

at least two crowns disposed longitudinally along the guardrail beam between the top
edge and the bottom edge;

a plurality of post bolt slots disposed within the guardrail beam for attaching the
guardrail beam to a plurality of support posts such as generally associated with a
conventional guardrail system;

a first tubular curl disposed on the top edge at the upstream end and second tubular
curl disposed on the bottom edge at the upstream end;

a first hem portion disposed on the top edge at the downstream end and a second

hemmed portion disposed on the bottom edge at the downstream end,;




46. (NEW The method of Caim42, wherein at |east a portion of the é‘hﬁg
and second folds conprise tubular curls. 47. (NEW The rreth.o 45,
wherein the second guardrail beam conprises a conventional guardrall beam
48. (NEW The nmet hod of C ai m 45, wheF,%l n the third and fourth edges at |
| east partially conprise hemmed port

a curl flange forming a transition between an upper face of the guardrail beam and the
first tubular curl; and
an angle formed between the curl flange and the upper face approximately equal to or

greater than twenty-five degrees.

45. (NEW) A method for interlocking first and second guardrail beams at a splice
connection to form a portion of a guardrail system, comprising;

providing the first guardrail beam with first and second folds respectively disposed on
first and second edges of the first guardrail beam,;

inserting third and fourth edges associated with the second guardrail beam partially
into the first and second folds of the first guardrail beam; and

coupling the first and second guardrail beams with each other using a plurality of

mechanical fasteners.

46. (NEW) The method of Claim 42, wherein at least a portion of the first and second

folds comprise tubular curls.

47. (NEW) The method of Claim 45, wherein the second guardrail beam comprises a

conventional guardrail beam.

48. (NEW) The method of Claim 45, wherein the third and fourth edges at least partially

comprise hemmed portions.






