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ENERGY-ABSORBING GUARDRAIL END TERMINAL AND METHOD

IECHNICAL FIELD OF THE INVENTION

The invention relates to guardrail end terminals of
the type that may be used along roadsides, and more
particularly to an energy-absorbing guardrail end terminal
and method. '

BACKGROUND OF THE INVENTION

Guardrails are traffic barriers placed along roadsides
to screen errant vehicles from hazards behind the barrier.
A common guardrail in the U.S. is constructed using a
standard steel W-beam mounted on spaced wood or steel
posts. Because the W-beam functions primarily in tension
when redirecting impacting vehicles, a function of the end
is to provide necessary anchorage for the beam to develop
necessary tensile forces. In addition, since the guardrail
end represents a discontinuity in the barrier system, it is
subject to being struck "head-on" by vehicles with small
departure angles from the roadway. When struck in this
manner, the end might spear the vehicle. Some widely used
terminal designs "bury" the W-beam at the end to eliminate
spearing, but this design way have shortcomings including

.causing problems relating to vaulting and rollover due to
. the vehicle riding up the end, and subsequently becoming

airborne.

Another type of highway safety device is the crash
cushion device. Highway agencies have been using crash
cushion devices at high accident locations for a number of
years. These devices absorb the energy of head-on impacts

to screen
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Because the nuhfRFCHS PdrEHH1t BFRY e necessgart gtrengte £o%d the

i npact probabi full-dize faar dopketsheither on the end or downstream of
10 the approach end. Efforts have been made to address this
problem. For example, United States Patent No. 4,655,434

to Bronstad, which is incorporated herein by reference for

all purposes, discloses an energy-absorbing guardrail
terminal having beams with uniformly, vertically-aligned

15 spaced openings to absorb kinetic energy of an impacting
vehicle. The resistant forces developed by the '434
guardrail terminal are in the form of impulses as shown in
FIGURE 3 of the '434 Patent.

20 SUMMARY OF THE INVENTION
According to an aspect of the present invention, an
energy-absorbing guardrail end terminal is provided that
addresses many shortcoming of previous end terminals.
According to an aspect of the present invention, an energy-
25 absorbing guardrail terminal has a plurality of beams,
extending substantially parallel to one another, and having
at least one overlapping end; a plurality of break-away
support posts coupled to and supporting the plurality of
beams; a plurality of fasteners for coupling the plurality
30 of beams to one or wmore of the plurality of break-away
posts; and an arrangement for creating a substantially
square wave of energy absorption during telescoping of the
plurality of beams during a forceful impact of a vehicle on
the energy absorbing-guardrail terminal.
35 According to another aspect of the present invention,
an arrangement for producing a substantially square wave of
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15 impact by a vehicle on the terminal; a plurality of
fasteners; a second force-carrying, energy-absorbing member
having a first end and a second end, the first end of the
second force-carrying, energy-absorbing member coupled to
a portion of the first force-carrying, energy-absorbing
20 member by the plurality of fasteners; wherein the first
force carrying, energy-absorbing member is formed with a
plurality of offset openings for registration with the
plurality of fasteners and wherein during relative movement
of the first force-carrying, energy-absorbing member and
25 the second force-carrying, energy-absorbing member, the
plurality of fasteners shred a portion of the first force-
carrying, energy-absorbing member with a continuous
shredding action.
According to another aspect of the present invention,
30 a wmethod of manufacturing an energy-absorbing guardrail
terminal includes forming a plurality of beams with a
plurality of openings with an offset pattern, placing the
- plurality of beams so they extend substantially paréllel to
one another, and having at least one overlapping end,
35 providing a plurality of break-away support posts coupled
to and supporting the plurality of beams, coupling a
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3 . energy absorption during telescoping of a plurality of _
beans as part of a guardrail end term nal includes a plurality of

openings forned on the plurality of beanst t hat

are operable to

encounter a plurality of fasteners during 5 a forceful inpact by a

vehi cl e on

ener gy- absor bi f

t he energy absorbing guardrail termnal.

guar drai

According to angrpz? naiﬂgc&nlggaib P %s%réamlsnv%nt z?@ aPx more a(ﬂf th? he

termnal for ap
a nose sectlonogtbbaﬁstﬁugdﬂhe&lﬁmdhOEhe pluralbiB

sraliy é#erbgyalsuwm mﬁqsﬁpé@@ s9uzmng téleveﬂp@ﬁblmm udes:
eI fAdtiinerd Ebrshat

T T T e

second end,

ener gy- aU%orblﬁgShQnﬁﬁ§rShred a ngnﬁppedofoamrﬂganesenge@£|&h$ Paurabiey vi ng

energy during ag BSams ddtRREindYrd tHRNoEESeONpdttRAner M nal ;

a plurality of

fasteners; a second force-carrying, energy-absorbing menber havi ng a
first end and a second end the flrst end of the second
force- carryi ngRRERE R GESLE! e folpeed to a portion of the

first force-carrying, mcﬁ&e&&hpmﬁoﬁﬁdéﬁtandlng of the invention and its

10

15

20

25

30

35

advantages will be apparent from the detailed description
taken in conjunction with the accompanylng drawings in

which:

FIGURE 1 is a schematic elevational view of an energy-

abeorbing guardrail terminal according to one embodiment of

the present invention being impacted at its upstream or

- approach end;

FIGURE 2 is a view similar to FIGURE 1 wherein the
‘pose section of the terminal collapses on impact releasing

-the anchor cable as the first post fractures;

FIGURE 3 is a top plé.n view of an energy-absorbing

present invention;

. guardrail: terminal according to one embodiment of the

FIGURE 4 is an elevational view of the structure of

FIGURE 3;

FIGURE 5 is an enlarged perspective view of the

upstream end of an energy-absorbing guardrail terminal

according to an aspect of the present invention;

FIGURE 6 is a perspective view of the second post from

the upstream end of the terminal according to an aspect of

- the present invention;

FIGURE 7 is a cross-sectional view taken along the

line 7-7 of FIGURE 4;

FIGURE 8 is a cross-sectional view taken along the

line 8-8 of FIGURE 4;

FIGURE 9 is a cross-sectional view taken along the

line 9-9 of FIGURE 4;



20 menber by the plurality of fasteners; wherein the first force

carrying, enempmsasorbi ng nenber is formed with a  popusbdntayezof

of fset openings for registration with the plurality of fasteners and
wherein during relative novenent of the first force-carrying,
ener gy- absor bi ng nmenber and 25 the secdnd force-carrying, _
ener gy- absor bi ng nenber, the plurality of fasteners shred a portion
of the first force- carrying, energy-absorbing menber with a

cont i nuous ciio , cordin ot her aspect
of the present mveﬁ?&gﬁggﬁ 18 aa?ﬂﬁ?oﬁeSFlﬁﬁ?ﬁjgf‘é’ﬁ“hr' ri°ng the
ener gy- absor bi rignguéﬁﬂ%uqf FIGUREt4r i nal includes form ng a plurality of

beams with a pmmliy o A)n%éagee&wn@p P dvp ataieat Ta@.BP?eeflé‘C' ng
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plurali ty5of break B¥ROREs 43 pbs tamp expiodssipeedpective Wemrﬂ]smmpatin@g t he

plurality of beagBev&AWRbiRg #hd splicing ofV‘Qvg%nQ%z-ggnnectm ends of
PCT/ US98/ 14492 i g eportTon the
plurality of b&¥Rs®B¥Fhe or nore of the plurallty of break- anay

posts, and coupli ngFIGERD| ulddl itys an oéldesnradget vibew W tof t hehe
plurality of fagtensdrmes@ih§adf two ends of adjacent beams with spliced
10 bolts in their installed position;

FIGURE 14 is an elevational view illustrating the
spaced openings and splice fasteners in a pre-impact
position;

FIGURE 15 is an elevational view illustrating the

15 shredding of the material between the spaced openings in
the beams to provide the energy absorption or cushion upon
impact of the upstream end of the terminal according to an
aspect of the present invention;

FIGURE 16 is an exploded elevational view illustrating

20 an offset pattern of openings on a beam according to one
aspect of the present invention;

FIGURE 17 is an exploded elevational view of a portion
of a beam showing an offset pattern according to an aséect
of the present invention; and

25 FIGURE 18 is a representative graph illustrating the

square wave energy-absorbing characteristic according to an
aspect of the present invention.

30 The preferred embodlments of the present invention and

its advantages are best understood by referring to FIGURES

1-18 of the drawings, like numerals being used for like and
‘corresponding parts of the various drawings. '

Referring now FIGURES 1-2, an energy-absorbing

35 guardrail terminal 10 is shown. Terminal 10 is adapted to

"be connected to the upstream side of a conventional
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FIGURE 9 is a bﬁ@%?sn%@’@tli onal view taken along the
Each set of beams 14 and 16 includes between posts 18
and 22 a first beam 14a and 16a, respectively, which
overlap the ends of a succeeding beam 14b and 16b,
15 respectively, which in turn overlaps a beam 14c and 1l6c,
respectively, which is positioned between posts 26 and
.posts 28,

The wmain purpose of terminal 10 is to absorb energy
upon impact of a vehicle 11 engaging upstream end 32 of
20 terminal 10. Upon impact of +vehicle 11, depending upon
the force of the impact, first post 15 will break away and
nose section 30 will collapse as shown in FIGURE 2. If the
force of the impact is sufficient, vehicle 11 will
continue and will strike post 18 causing beam members l4a
25 and 16a to telescope over members 14b and 16b,
respectively, while breaking posts 18 and 20. If the
momentum of vehicle 11 is not fully absorbed by the
telescoping energy absorbing action of beams l4a and 16a,
beams 14b and 16b will telescope over beams l4c and 1l6c,

30 respectively, and posts 22 and 24 will be broken.
Referring now to FIGURES 3, 4 and 5, end post 15 is
preferably wood mounted in a metal tube 55 having a soil
plate 58 for insuring breakage of breakaway post 15 upon
impact and for developing cable anchorage forces during
35 downstream impacts. Post 15 is shown with an asymetric
arrangment, i.e. with a spacing block on only one side, but



line 9-9 of FIGURE 4, WD 99/ 02782

10 is a cross-sectional view taken along the l'ine 10-10 of FI GURE 4;
FIGURE 11 is a cross-sectional view taken along the line 11-11 of
FIGURE 4; 5 FIGURE 12 is an expleded perspective view illustrating
the overl apping and splicing of two interconnecting ends of t wo
bears; FIGURE 13 is an el evati onal Vi ew ofb lthe_

i nterconnecting of two ends of adjacent beanms with spliced 10 olts in
their install edtpdEit? § understodd that; Lhreinverkioh rayebat penthivifhew

illustrating thgmetric arspagetempenings, and bpbtke dadhesethe igbst to
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illustrating the 15 shreddi ng o erial betwe
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upon 5 irr&whsbfeadneoﬁpst&mﬁmmﬂdaofcabme Sgr rmswaﬂ:rcawayddlmﬁe@nan

aspect of the [ t (%43; S, Al eﬁﬁlo ed
el evati onal 2 EE%F%%E$§FQ £2; ing 58 onffgg?g ern o? B eﬁ?ngs gn a beam
according to Oﬁgdltlon, a strut 60 is provided for additional support for

the anchor cable forces.
Referring to FIGURES 6 and 7, second post 18 supports
10 the upstream ends of beams 14a and 16a by bolt 64. Second
pest 18 is also connected to a metal tube 66 with a soil
plate 68. Wrap-around end 31 is spliced to beams 1l4a and
16a at conventional spliced holes.

FIGURE 8 illustrates wood post 20 acting on beams 14a

15 - and 16a intermediate their ends, but without any bolting of
beams 14a and 16a to post 20, Therefore, beams 1l4a and
l6a are free for telescoping movement without any restraint
from post 20. Beams 14a and 14b are free to slide against
post 20. The connection of beams 14b and 16b to post 24

20 is similar to that shown in FIGURE 8.

Referring now to FIGURES 3 and 9, a spacing rod 70 is
illustrated positioned between beams 14a and 16a for
maintaining beams 14a and 16a in a displaced, parallel
relationship by providing nuts on each side of beams 14a

25 and lea connected to rod 70. This assists in keeping
beams 14a and 16a parallel as they are telescoped
downstream,

Referring now to FIGURES 3, 4 and 10, it is to be

noted that a box beam 72 or other construction is mounted

30 downstream of end spacing rod 70 on posts 22 and 26 for
bending ‘and releasing rods 70 as beams 14a and 16a and

14b and 16b telescope downstream. It is also noted that the

end of the second stage section consisting of beams 14b and

16b is anchored by a cable 74 between the base of post 26,

35 which also includes a metal-to-bottom and soil plate 74 for



aspect of the present invention; FIGURE 17 is an expl oded

el evati onal vME®IL782 porti on of a beam showi ng an ettasssnpstt ern
according to an aspect of the present invention; and 25 )
FIGURE 18 is a representative graph illustrating the square wave
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I ongi tudi nal I'y-ext eﬂ%@ﬂ aQ-SS‘:E? of}_aghg gproevs%%t:a{) \}e%%igqufs %q:% mechanism

and method for absorbing energy. The primary energy

absorbing mechanism is caused by the shredding of metal

10 = strips between a series of openings or slots provided in

the beams. Referring now to FIGURE 13, the overlapping

connection between beams 14a and 14b is shown. Similar

overlapping will occur between beams 14b and 14c, 16a and

16b, and 16b and 16c. As best seen in FIGURE 13, end 34

15 - of beam 14a will overlap and be on the outside of end 36

. of beam 14b,.which is shown by a hidden line. Beams 1l4a

.. and 14b may be of any suitable rigid type beams such as

flat rails, but preferably are conventional W-beam beams.

L e Splice bolts 50, here shown as eight, splice the

20 overlapping end of beam 14a to beam 14b. The splice

-fasteners or bolts 50 interconnect only the beams and are

- - not connected to the support posts. As will be more fully

described hereinafter, the upstream end of beam 14b is

secured to a vertical supporting post by one or more

25 fasteners or bolts, but the downstream end of beam 1l4a is

- not secured by bolts to a supporting post. A plurality of

spaced openings 52a having a staggered or offset pattern
receive splice bolts 50.

Therefore, when a vehicle impacts upstream end 37 of

30 beam 14a as indicated by arrow 38 in FIGURE 14, and with

beam 14b held stationary to a vertical post and therefore

providing a reaction force asg indicated by arrow 40, beam

l4a will move downstream causing splice bolts 50 to shred

out the material between spaced openings '52a. The

35 shredding out of the metal beam material between spaced

openings 52a will absorb kinetic energy of the impacting



supported froma plurality of vertical breakaway posts and 5 bl ocks 15,
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A nose section or first section 30 is provided at the upstream end or
approach end of term nal 10. The nose section 30 may consist of a

wr ap-around end 31 connected to 10 posds 15 and 18 as wll Dbe
nore fully described herei nafter. Each set of beans 14
and 16 incl udes between posts 18 and 2f2 a first 3_eam 1%461 a22b16a,d
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continue and w strl pos

to telescope B7EP Shrefgdim@rsA Bhgt lamgthigh the openinggdst isbeeq, tanhil e

br eaki ng post ské8pamntie2felocitly tdfe the tel%mmmnﬁn?eréebutéhetﬂéﬁli not
fully absorbed t i ner g or.bi ng .ac n, o eamns
1l4a gnd 16a, g84a Egﬁﬁﬁﬂ%ﬂ%ﬁﬁ%ﬁ% \%% F???élée‘fsg}()b%% %e\?élg B 8RE* 9% and 16¢c,
30 rekbect i ¥8I §, Sdfid1apoReRnety oy amy ignactpdshriswenful enough to -
Ref erring now tauké Golkfs 314 4tanfubly ersll qi%pe] 5 beSms 141? piEf epepiy wood
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br eakage of b?‘gt&%\i&a p(‘?gt;n?S\ihpglﬁ@ ﬁP&Aesls sggfgé%%gf%%e&'elﬁél g%l’?’ﬂ%e’gab! e
anchorage forcé °Hﬁr¥?@’ 35510t ol t RERPT Y anpdegous t@ alefith with
an asynetric 52a. arrangnent, i.e. with a spacing block on only one side,

but 15 The offset or staggered pattern of slots 52a and 52b
) are shown by lines 100 and 102. It is desirable that
slots 52a extend substantially continuously along the

length of beam 14a, but must be discontinued before the

upstream beam edge encounters the splice bolt heads during

20 collapse which might cause snagging and interrupt the
smooth energy absorbing mechanism.

The first energy absorbing section consisting of beams
14a and 1l6a telescope downstream while the second energy
absorbing section consisting of beams 14b and 16b remain

25 stationary, and beams 14b and 16b only telescope over
beams 14c and 16c, respectively, after the telescoping of
beams 14a and 16a. Similarly, beams 14b and 16b will then
be free to telescope over the standard guardrail -section 12
consisting of beams 1l4c and 16c. Any suitable means may be

30 provided to ensure the staging of the collapse of energy
absorbing terminal 10. Preferably, the upstream beams are
made of a thinner metal than the downstream béams. For
example only, beams 1l4a and 16a may be of a 12 gauée metal
and beams 14b and 16b may be of a ten gauge metal. FIGURE

35 12 is a perspective exploded view of the connection to post
26 showing the overlap of beams 14b and l4c.
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7 i t WiO990278be under stood that the invention may becramsss/migzh
synettic arrangenents, i.e., two bl ocks against the post to al.l ow
the rail to be used on either side. In order to assist termnal 10
In wthstandi ng angul ar vehicle inpacts 18 downst r eam of end 32, a
cable 56 is provided between posts 15 and a fitting 58 on

wr ap-around end plate 31. In addition, a strut 60 is provided for

addi ti onal support . t bl e.forces.

Referring to FI GJRE%?%e%lF\ldl%,tosgggﬁlgﬁgggs‘t ms&éf}of!‘?ssa?ym betfﬁgeuﬁEYream
ends of beans ShZgd@RE 1FMEWY - boPddbionaddypn@nother pafsrm) ®fi slatso
connected to aspehfd s$hdaer 08 Behhs asOiand 14b, plate 68. Wap-around end

31 is spliced to begnp a cqQnveptional .spli hol es.
FIGURE 8 illustrates m%%réiﬁog wgboa%‘—t?[#? &?’be%ﬁgsg4£°ci% begﬁ‘nggg%\s
i nt er nedidat e t BBPWnendPeapull iposeitalerdian myeofas beam 1lpaakw the and
16a to post 20eafhfsreffibredeanteat?a18niilustratekbanal SnfdBhmeh® with

and 145 arg ??éég‘?%ﬁis““.d%@%%%%ﬂ%-tr LI} s sgortnEBhOrkhat: FantRrS beans
14b and 16b t oPpssicylargembodimenti nhaye t3B t BRRCEHOWR | Badh GIRE Sof
Referring now mat&t{ARAHaE ape BhrédddiRGd®o1eE fBvé Sfrom the slot to
10 - the space between the slots. Table A gives illustrative
dimensions for an embodiment in twelve gauge such as may be
preferred for beams 14 of FIGURE 1 and illustrative
dimensions for a beam or ten gauge which may be used, for
example, for beams 16 in FIGURE 1.
15 . The staggered or offset patterns are shown by lines
120 and 122. Line 120 is shown through center points of a
-vertical set of openings 152 in beam 115. 8imilarly, line
122 is shown through center points of a vertical set of
openings in beam 115. '

20 .
TABLE A
Dimension Illustrative Illustrative
Reference Dimensions Dimensions
Numeral For 12 Gauge For 10 Gauge
25 156 13*' sH" 13' &%™
158 6" 6"
160 4y 4yn
162 4y 4"
164 834" -
30 166 sn —_
168 3 —_—
170 2" -
172 . 10t S 1¢ 5%
174 113/16" 113/16"




il lustrated positioned between beans 14a and 16a for mai nt ai ni ng

beans 14a andwixmmtmsz a di spl aced, parall el rel ati ongbimsisapeovi di ng
nuts on each side of beans 14a 25 and 16a connected to rod 70.  This
assists in keeping beans 14a and 16a parallel as they are tel escoped
downst ream Referring now to #1GURES 3, 4 and 10, it is to be
noted that a box beam 72 or other construction is nounted 30 downst r eam
of end spacing rod 70 on posts 22 and 26 for ' bendi ng and rel easi ng
rods 70 as beans_14a and 16a.and 14h and 16b tel escope downstream
It is also noted that the end pABLE@ second stage section gconsisting
of beans 14b a 160 T9 anchored by ajcabte 74 _petweerr t1e] base of
post 26, 35 _thChIZFQO ingl udes metal -§o-bottomhd soil plhte 74 for
WO 99/ 07782 178 sy PCT/U$@@/14492 f
8 pr pvrdrgdowTsteanTsupport—ritire—event—of—an—+rpagt for
absorbing tens|on fot8®s in e Aap"15lot " x R&f8}9% ng npw to
FI GURE 11, a partlonlgi a guchﬁaklax“ slot 42 |&kshgwgchgﬁbgg an| steel or
wood post_ 78 sHppottin bears—4e—anati6e—By—+g-d—eornreet] ons to
steel or %wood 1885t 78] %" x 9%" slot %" x 9%" slot
186 q13/16" 113/16"
188 gy gyn
190 113/16" q13/16"
192 974" ' . 974"
10 194 A" x 97" slot A" x 9%" slot
196 %" x 9w %" x 9Y1%n glot
slot
198 113/ 16" 113/ 18"
200 gl/16y gl/1i6y
202 17/16n : 17/16n
15
Fasteners or bolts 210-224 are shown positioned in the
initial slots for beam 115. It can be seen that if
fasteners or bolts 210-224 are held in a fixed position
while beam 115 is moved in the direction of arrow 226,
20 fasteners 210-224 will shred metal portions between slots

in a continuous pattern, i.e., one bolt is shredding metal
at any given time during the shredding process. The
pattern illustrated in FIGURE 16 is illustrative and other
patterns may be used; for example, another pattern is shown
25 in FIGURE 17 in which at any given time, two bolts are
shredding metal on a beam 315. Slots 352 are arranged with
a pattern that such bolt 310 and 314 will shred metal at
the same time, and boltg 312 and 316 will shred metal at
the same time, as beam 315 moves in the direction of 326
30 while the bolts remain in their fixed position. The
pattern traced preferably minimizes the force eccentricity
— keeping it near the centroid each time. Thus, with one



A key aspect of the present invention is the nechanism _ and met hod

f or absor bi ng VEh¥HFIs2 The primary energy absor bipogusssakeri sm i s
caused by the shredding of nmetal 10 strips between a series of openings
or slots provided in the beams. Referring nowto FIGURE 13, the

over | appi ng connecti on between bedfs 14a and 14b is shown. Simlar
overlapping will occur between beans 14b and 14c, 16a and 16b, and
16b and 16¢c. As best seen in FIGURE 13, end 34 15 of bean114a wil |

h h
by i dden |1 Aas BeRrea gee o Yan S gited ac_ ongclyPRAR i plf) B 5, 5"

type beans suchmagdiately aty fhe nexts opemingref digpppthe®n convent i onal

W beam beans. Refabriory baddsn 580 mgﬂqvm agn Clegthinple SQ[-E![ Geénd he 20
over |l appi ng en [ 0; e asteners or
bolts 50 mter%g’%%ggé?%]nﬁ%@e% %g{gslenlg ar ?aI-n ti?s Fx‘.&ng?&‘uee'ct%ﬁntngt %he
support posts. IeFcgfpl Géf‘Pﬁ‘ﬁFe fRalty 220 Wouéiéscfrﬂrﬁéd $hares nméterial he
upstream end ofbelbwadn li4ls ifitial posi€EUheshd @1atVess| CalexxUPBOLL i '2!195 post by

one or nore 25wouﬁdasstl,gggr %n%@rr?%éuﬁ:e brlgjaftt t heaﬂdg\lggst r&gogﬂf enfileof %\gin l4a is

not secured by b Suppor it
openi ngs 52a h&Bred nteragdta'ed R?rrtépfls%ﬁs‘ paBodkn214 wouldetheweshysid ce

bolts 50. materiallemzef oBeltvwben @M@bnkedlmﬁmunsarmm@ 37 of

30 beggn 14a ”g? Iy nd _wi th beam
14b hel d statlg%gr dcgkggr%m&ea 191%’ aar}t%gggﬁﬁ?%%“a N %\/Iyﬁlﬁg a
reaction forceZ244 Y’ﬁ'ﬂ}%a?tlg@db}n’éﬁfwme pezkion 240.148hen | boltv@12

downst r eam causbnld Hhredeitrinedbitd oried 242. T, Hhe 218teiial

bet ween space% enings, é . hr out _of the t al

beam mat eri al etr\g/\ge%llll Eedi Be portim%ev:ﬁﬁgs % &19?4&%5558?%’ kﬁ”}?ec’rge ener gy
of the inpactiﬁae four intermediate portlons of the beam that are in line
-15 to be contacted by the upstream bolts at any given time, a
minimal force is used in the energy-absorbing process

caused by shredding. 1If all bolts encountered material at

the same time, it would require a much larger force to
initiate the shredding process or action.

200 - - When a forceful impact occurs, sufficient kinetic
energy is applied to upstream end 32 such that post 15 is
broken away and eventually first beams 16a and 1l4a are
caused to telescope or move relative to second beams 14b
and 16b. Once shredding has been initiated beyond the

25 original notches, the upstream bolts 210, 212, 214 and 21§
(FIGURE 16} will continue to encounter openings and shred
material between them.

The staggered or offset pattern in the beams registers
with a plurality of fasteners, e.g. bolts 210, 212, 214,

30 and 216, such that duripg a forceful impact of the vehicle
on the guardrail terminal, sequential shredding of the
intermediate material between the plurality of openings
occurs. For example, intermediate material 226 woculd be
shredded by bolt 216.

35 '
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9 velo ®logzsz Therefore, splice bolts 50 will novepdhiRsgie:
aligned slots 52a and shred the material positioned between aq_J acent
hori zontal ly positioned slots 52a. According to an i nportant &aspect
of the present invention, the staggered 15 or offset pattern of slots
52a are varied to mnimze the force nmagnitude during the absorption
of energy through above shredding. A slot length of the openings is
sized to keep the velocity of the tel escopi ng nmenbers such that a

good tear or shred theoiriedAiBy ehandfarhals bebvarReapPenings oqoyrs
simlar manner ini freaponsgani redativechovemiijghHeOpattern RUSE-<3aags 14 to

fully tel esco A | scapj and in the process

Shr eddi ng. mat ot SEEBaT v, e bnBS8dbar of, rToEkE? 180MIR A £aip PR

anal ogous to sPgFsom to thesbop apd then retuypeteitheeboskontardamedegat t ern

of- sl ots $2a amdwazds tlhe top eishawrddedtines pacaifl 10Zhyg,! ltizi S.|'=1 o

desi rabl e t hat Qs xt t con{ i nuously ong e

| engt h of beanpﬁg?r %‘? mgstéﬁ\%ngfsgggt ?’%ggégﬁe}:g%g?hglii Be 1ﬂp§8?eam

beam edge encofhtR? £f Rezigizagewhbh tshreddinaueeing foom the|tYupse whech

m ght cause snbggtag andl thHerecutptowdeds the t&SPOAD &HR Bowakeer bhag

mechani sm ottom. etme first energy absorbing section consisting of
1535500 45

beans t el escope downstream whil e the second energy
It can be appreciated that according to an aspect of

the present invention, the energy-absorbing guardrail
terminal has a first force-carrying, energy-absorbing
member, such as beam 14a, that receives enexgy from a
vehicle during a forceful impact. A plurality of
15 fasteners, such as, bolts 210, 212, 214, and 216, couple
the first force-carrying energy-absorbing member to a
portion of a second force-carrying, energy-absorbing
member, such as beam 146. When energy is applied to the
first-carrying, energy-absorbing member causing relative
20 movement between the first and second force-carrying,
energy-absorbing members, a nearly continuous shredding
action occurs between a portion of the fasteners and a
portion of the first force-carrying, energy-absorbing
member. The continuous shredding action, which may be
25 created by an offset pattern in a member, develops a
substantially square energy absorption characteristic.
See, e.g., FIGURE 18. The continuous shredding action may
be accomplished by a number of means, but the preferred
manner, includes using staggered or offset pattern of
30 openings in the first force-carrying, energy-absorbing
member. -

Referring to FIGURE 18, an illustrative graph of how
the staggered or offset pattern of slots might prdvide the
resistive force over time to vehicle impacting on the

35 upstream end of the energy-absorbing guardrail terminal is
shown. The pattern is noted to have a substantially square



absorbi ng section consisting of beans 14b and 16b remain 25 stationary,
and beans 14BVQ#P218b only tel escope over beans l4ecangssiie?
respectively, after the tel escopi ng of beans 14a and 16a. Sim]arly,
beans 14b and 16b will then be free to tel escope over the standard
guardrail section 12 consi sting oft4beans 14c and 16c. Any suitable
nmeans nmay be 30 provided to ensure the staging of the coll apse of

ener gy absorbing termnal 10. Preferably, the upstream beans are

oniy, beans 14dave ey, | 188 08051 LEAILAT e alfing, the sBREIRLD and
16b nmay be of &PEERPHAOYe ri@”tlﬁ StFP@JREl 3g:ark tontvast oy FPEFREVRE @ikpl oded

view of the conpectiasd PaxfisStreference?d inhent Nhdkygcaugr !l ap of beans 14b

gg% llJLS‘rgB /14492 Alt\.[g%uggg( ng 8p2resent invention and 1ti0advantages have

Referring®t o FINGORE descnibgm 1i8a desaithowitbshonddahy understedi ediing
occurs. Additi eaatibys c&mbhﬁf bt ef it idns$ | Qf&& alterat1§?s Yad BHO¥KLON beans

14a and 14b. ng.now.to FI.GURE,16 st | oca eam 115
is 5 showt 2 BER w:.ngﬁl sa%éj x%é‘ﬁpeff%’f’ thee sgérbféa?ﬁ FLOPR ?1L‘| e
earlier figurednvepbinm 85 fefined hy dheomprendsstiicAsims wi tAmong some spfeci fic
di nensi ons. BeaWellariagsich®t shaibZard NHsdibikhia®e various lengths of

10 slots and widths and sizes of materials.



particul ar enbodi nent have 38 spaces in each row of mat eri al that
are shredded g phiss nove fromthe slot to 10 the spacediaisyPRtt he

slots. Table A gives illustrative di rensi ons for an enbodi ment in

t wel ve gauge such as nmay be preferred for beans 14 of FIGJRE I and
illustrative di nensions for a beamsor ten—gauwge—whi-ch—nay be used,
for exanple, for beans 16 in FIGURE 1. 15 ; gered or
of fset patterns are shown by |ines 120 and|§ ,"mg-)l 9 g%qﬁs shown
t hrough center points of a vertical set of epen beam 115.
Simlarly, |in@&HAT 18 CRARIMELRL I&iown t hrough center points of a vertical set
of openi ngs in beam 115. 20 TABLE A
Di ‘mensi on IIIu trat] ve [llustrative erence,

Di nensi ons nsi energy- %’éflg guard]'g%Rf{ 128%@1 For 10
Gauge 25 compris@ng 13' 6[err]" 13' 6[err]"

158 5 6[ earlplurality of beamsS| &¥tlending substantlal]lgp

4 err]" 4 erri" 162 [err]"
4lerr]” patrallel1 on another,g[ gpé] .hageng at least,qne

5" over@38pping end; 3" 170 2[err]"
- 1723 plurality&f Mr@bklaway supportl@osts’ &dupled
to and supporting the plurality of beams;

10 “a plurality of fasteners for coupling the
plurality of beams to one or more of the plural:.ty of
break-away posts; and

means including the plurality of fasteners for
creating a substantially square wave of energy

15 absorption during telescoping of the plurality of
beams during a forceful impact of a vehicle on the
energy absorbing-guardrail terminal.



174 113/ 16" WO 99/ 02782
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176 3[err]" 3[err]" 178 _
8[err]” 8[err]" 180 [err]"-x 3" slot
[err]" x 3" slot 182 16 [err]" x 8[err]" slot [err]"
x 8[err]" slot 5 184 [err]" x 9[err]" slot [err]" x
9[err]" slot 186 1l err] 1l err]

188 9lerr]" Olerr]" ) 190

1[err]" 2.1[ k% | "energy-absorbing jgpardrail texmigad -

O[err]" 10 comprisingb4 [err]"™ x 9[err]" slot [err]" x 9[err]"
:: 8: aigagurality of [ﬂarm]s, @)&L‘iﬁﬂig subggéﬁ’liaﬁyq [err]” slot

parallel to one another, and having at least one
5 overlapping end;
a plurality of break-away support posts coupled
to and supporting the plurality of beams;
a plurality of fasteners for coupling the
plurality of beams to one or more of the plurality of
10 break-away posts; and
a plurality of openings formed on the plurality
of beams that are operable to encounter the plurality
of fasteners during a forceful impact of a vehicle on
the energy absorbing guardrail terminal to create a
15 substantially square wave of energy absorption.

ziom
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200 9lerr]" ! 202

[err]™ woeyz7sz 1l err]™ 15 ui' mi m HHﬂ““lers or bpbtGsddpr24 are
shown positioned in the i ni oriBeam 115. I't can be seen
that if fasteners or bolts 210-224 are held in a fixed pasition-
whi |l e beam 115 is noved in the directiompf arrow 226, 20 fasteners
210-224 will shred netal portions between slots I n a continuous
pattern, i.e., one bolt is shredding netal at any given tinme during
t he shreddi ng process. The pattérn illustrated in FIGURE 16 is

illustrative and other A1 eneggvrabsriing poussdyail or texaigae, anot her
pattern i s showsm@bising:in FIGURE 17 in which at any given tine, two bolts

' : 5 d wth
2 pattern that suchbBrt Hael Sty | Sl baRefa B LERAPC LT 0,

time, and bol t B3Bablehdtg1engi |anokhesd medalbaping at leass semme tine, as

beam 315 s1ovesoberldipidigr e} on of 326 30 while the bg:ts renain inth
: . e o
et f1xed post ! Alpruidey of prdBELEAY ROARS, BESLET LY g T ze
with one to and supPoYriPghe plurality of beams;
PCT/ US98/ 14492 a plurality of fasteners for colgling the pattern, an
item can be Shf:f&':ﬁ.titgngf %Jm%oegge%}dxgor}%nof the plurality of
10 break-away posts; and

a pattern of openings in the beams register with
the plurality of fasteners such that during a forceful
impact of a vehicle on the energy absorbing guardrail
terminal at least one fastener shreds a portion of one

15 of the beams at any given time during energy
absorption.

4. The energy absorbing guardrail terminal of
Claim 2, wherein the plurality of fasteners comprises
20 four upstream bolts and wherein the plurality of
openings in the beams register with the four upstream
bolts such that during the forceful impact of the
vehicle at least one of the four upstream bolts shreds
a portion of the beam at any given time during energy
25 absoxrption.

5. The energy absorbing guardrail terminal of

Claim 2, wherein the plurality of openings in the

beams register with the plurality of fasteners such

30 that during the forceful impact of the vehicle on the

energy absorbing guardrail terminal, substantially

continuous and sequential shredding of intermediate
material between the plurality of openings ocours.



i mredi ately at the next opening of ”m"mﬂﬂmﬂl Referring again
to FI GURE 16, wayvseaspl e of the lmumllder IS p&p@?gh@gz I n
this exanple, during a 5 forcefdl ‘inpact, s bslt 220 woul first
shred materi al between its initial position and slot 230.- Nexf, -bolt
216 woul d shred internedi ate mateggal 226. Bolt 216 woul d

shred internedi ate portion 239. Bolt 214 would then shred mat eri al
232. Bolt 212 would shred material 234 and bolt 10 210 woul d then shred

intermedi ate portion 236, Next, bolt 214 woul d shr ed i ntermedi ate
portion 240. Then, Bolt e enexrgy ahgapkingnovarired} rismipel pBftion 242.
Then, bolt 210 Qladid 2, whereshr edchniopenedgabé poet iplurdddty Bysrshr eddi ng

onl y one of  openihf {194nd BeShEBH AL J Q%fekogénqé 40F JSegayfhat are in
line 15 to b act ed m;yg se upstream t any grven tine, a

i ni mal  force &< gaevinnq REr B3t ERIT0 5 FEepiBgesip the beagaused by
shreddi ngs |f dlsl botizomaddynteffxdtnafesmalotdier openirndie «RR tine, it

woul d requi re 3eBHEE: I,{}A;hqu.r cg?%%g)gf’tlsr'rpacti nitiate the shreddi ng process

or action. en a occurs, sufficient kinetic
energy is applled to upstreamend 32 such that post 15 is br oken
away and eventual | y7fir Shebeassgy Gebstirtbihdaganedrail ter@dusbdofo tel escope

or nove relatiwgatQ %ecmrggﬁnﬁaéﬂboﬁe?lﬁ%t éﬁdtﬁéb lurg]{gg spreddi ng has

been i ni t| at ed bex ream bolts 210,
212, 214*%nd 2Pgenings ixn Iilh&JREa‘l%)h% @ ceaRernbeitt %’tﬁﬁ@@ﬁféinopem ngs and
shr ed metehi apertistoveEnthbepattern of openidde® i ag@ebagmer of f set

pattern in the igeﬁéﬁzgggéﬁ}e%gfii% from"‘%{:ftﬂ% oglﬁtiéllq%é tb§, %ft Eggg ners,

bolts 210, 212t 214, 30 orce |rrpact of
the vehicle hreegfounths, f fmiinche Wiitha| respeghetbeAr SBREERIi ng of t he
i nternedi ate npbéntal between the plurality of openings occurs. For
exanpl e,1g ntermedi ate material 226 woul d be shredded by bolt 216.
8. The energy absorbing guardrail terminal of
Claim 2, wherein the. plurality of openings in the
beams are arranged in a plurality of vertical sets of
qpenings and wherein a center point of each opening
20 within each vertical set is displaced from center
points of the other openings in the vertical set.

9. The energy absorbing guardrail terminal of
Claim 7, wherein the plurality of vertical sets
25 comprise four openings in the shape of slots.



35 WD 99/ 02782

shreddi ng of material between openi ngs occurs in response to

rel ati ve novenent, the pattern of shredded materrat—for—the

enbodi nent of FlI GURE 16 will go fromtherg bottom en
return to the bottom and precede 5 towar ds the top mm m“ miElﬂCM
pattern. Thus, in a preferred enbodi nent, the *patCter.n

be in the shape of a zig-zag with shredding going fromthe top to
t he bottom and then out towards the top and down towards the
bottom etc. 10 10. Thé easrde ahporbingt gdatdidilaaeamdnal 69 an aspect
of - t he ng i n h o ardr

term nal has aﬁ%ﬁgtgfo%gp%g?ruﬁ% El&Pﬁnyf €§ I;géﬂ;?nggé’ 19 %erber such
as beam 14a, theams éf?éﬂ‘\?é?ref'fé%y g?oﬁ?-‘ara ity Oﬁ/eﬁrﬁ erguepaly a

forceful 5 inpathat duAingluttenlfiorgeful ikfpact bEstReershidiecBnaghebol ts 210,
212, 214, and g&@rgfoﬁﬂégrbmfg gué:l.:@rg JTSEeLQ:{r%EL cg{:r yier]_% ENer gy- absor bi ng
€

menber to a tron_o orce-carry r y bsor bi ng
member, such a%anE@re%eﬁ @ﬁEFWl@fabb‘F b@laft‘oat‘-hény glven
first-carryi ngpisen@ugimg eserhy ngbatepbeon GaidSithe sltetidivg of the

portions of the beam repeatedly traces a zig-zag
10 pattern,

11. The energy absorbing guardrail terminal of

Claim 2, wherein the plurality of openings in the

beams registers with the plufality of fasteners such

15 that during the forceful impact of the wehicle on the

enexrgy absorbing guardrail terminal at least one

fastener shreds a portion of the beam at any given

time during energy absorption and the shredding of the

portions of the beam repeatedly traces a pattern going

20 from a bottom portion of the beam to a top portion and
back.



20 novenent between the first a m@al rying, _
ener gy- absor bi @ ssmsaers, a nearly a ﬂl];"ml Hmﬂ[&uﬁl ng ﬁCT{?&%}]% occurs
between a portion of the fasteners and &@a . on of the Tirst )
force-carrying, energy-absorbing menber.  The continuous shredding
action, which may be 25 created by an gpjfset pattern in a nmenber,

devel ops a substantially square energy absorption characteristic.

See, e.g., FIGURE 18. The continuous shrﬁddi ngf actign may be ' ud
acconpl i shed by a nunber of neans, but the preferred, manner, includes
usi ngp staggere)d/ or ot sefpatyEFEY oRPIRFLIngG peiATFALh t hermiral
force-carryi ng, haehsg gynabpstbiang efnd, thenh®fminal for abscdafﬁizegf” ngttO

FI GURE 18, an i ag r 0 t.he st ered or se
pattern of sl ot lé‘h?‘#%t&%%[%\?? ﬂp trkh"g)aCQ By raes\lresl}llrégg'fgggetgw?n? me to

vehi cl e i npacti REBH-THW 35 upstream end of the energy-absorbing
guardrail Serminal i® nose shmddn Tae Rakt eipstreanot&s t echame a
substantially squarf.,1. WO 99/ 02782 _

PCT/ US98/ 14492 i ) 14 wave form
This allows for rededtyssr foraarsaryning, eaapEgy-absorbipgseeqhswn. This
stands in starkhaeitg asEiter EndUREd3a Oecond end} hehe 434sPatgdtos ef er enced

;gvggfagggkﬁ;\?grﬁﬂe first force-@a&@’?flqg, t @%eg‘rgfeéggéoqu\ﬁgmrlng&e%‘nd 'ts
.10 coupled to the nose section for receiving energy
during the impact by the vehicle on the terminal;

a plurality of fasteners;

a second force-carrying, energy-absorbing member
having a first end and a ‘second end, the first end of
15 the second force-carrying, energy-absorbing member

coupled to a portion of the first force-carrying,
energy-absorbing member by the plurality of fasteners;
zn. Wwherein the first force carrying, energy-
absorbing member is formed with a plurality of offset
20 openings for registration ‘with the plurality of
fasteners; and
wherein during relative movement of the first
force-carrying, energy-absorbing member and the second
force-carrying, energy-absorbing member, the plurality
25 of fasteners shred a portion of the first force-
carrying, energy—absoi‘bing member with a continuocus
shredding action.



5 been described in detail, it should be understood that vari ous

changes, subsgbbagzens, and al terations can be nade pEtressimoni t hout
departing fromthe spirit and scope of the i nvention as defined by
t he appended cl ai ns. Anbng sone of the variations that are possible
are various |engths of 10 slots and aidths and sizes of materials.

WD 99/ 02782 PCT/ US98/ 14492

15 VWHAT | S CLAINED | S: 1. An energy-absorbing
guardrail term nal ri.s plurality of beans,

ext endi ng substant i y? et BQraPEeImﬁﬁuﬁﬁﬁFﬁﬁﬁﬁﬁhe@n artge %8¥|ng at | east
one over dbgppibiqoegdardrail terminal ptommptigipgof break amay support
pdsts coupl ed SHRAG g t 0 a
plurality of fastﬁgﬁgﬁggda cg&h? o£rﬁ%é§§J%§kh 4 ura |ty o% beans to

one or nore of°P?R?Hﬂ§JV%FPt§n o feset PagFEERLamay posts and
means i nél udi ng t hepldaimgl ithe gdluradtiepeps beams so they extend

substantially parallel to one another, and having at
least one overlapping end;
providing a plurality of break-away support posts
. coupled to and supporting the plurality of beams;
10 coupling a portion the plurality of beams to one
or more of the plurality of break-away posts; and
coupling the plurality of beams together with a
plurality of fasteners so that when a vehicle
forcefully impacts the terminal, the fasteners shred
15 a portion of at least one of the plurality of beams
according to the offset pattern.

14. The method of Claim 13 wherein the step of
forming a plurality of beams with a plurality of
20 openings with an offset pattern comprises the steps of
forming the beams with each opening of the plurality
of openings having a center point and wherein each
opening of the plurality of openings in the beams is
horizontally offset from other openings with respect

25 their center points.

RN A A



creating a substantially square wave of energy 15 absorption during

t el escopi ng WOJS»B%BP' urality of beans during a forcakwlsssmpact of a
vehicle on th ener gy absorblpg/gyardrall term nal . - WO
99/ 02782 PCT/ US98/ 14492 -

16 2. An energy-absorbing guardrail term nal

conpri si ng: a plurality of beans, extending substantially
paral l el to one another, and having at | east one 5 over | appi ng end;

a plurality of break-away support posts coupl ed to and supporting the
plurality of beans; . a plurality of fasteners for coupling the
plurality of beans to one or nore of the plurality of 10 br eak- away
posts; and a plurality of openings fornmed on the plurality

of beans that are operable to encounter the plurality of fasteners
during a forceful inpact of a vehicle on t he energy absorbi ng

guardrail termnal to create substantially square wave of energy

absorpti on.
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17 w0 9903782 An energy-absorbing guardrail tergrpabossi4492
conpri si ng: a plurality #of ans, extending substantially
parallel to one another, and having at |east one 5 over | apping end;-

a plurality of break-away support posts coupl ed to and supporting
the plurality of beans; a plurality of fasteners for coupling
t he plurality of beans to one or nore of the plurality of 10

a pattern of openings in the beans

br eak- away posts; and
the plurality of fasteners such that during a -forceful

register with

| npact of a vehicle on the energy absorbing guardrail termnal at
| east one fastener shreds a portion of one 15 of the beans at any
given time during energy 1 absor pti on. 2 4. The energy
absorbing guardrail termnal o Caim2, v&ﬁﬁ the plurality of
fasteners conprises 20 - OUf upstream bolts ar :Mﬂ J}lawl urality of
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openings in the beans register wwth the four upstream bolts such

that during tRgohdpeaful inpact of the . vehicle at |egst 2 the
four upstream bolts shreds a Po;t%on of the beam at "any given tine
during energy 25 absor pti on. 5. The energy absorbing -
guardrail term nal of Claim2, wherein the plurality of openings in
t he beans register with the plurality of fasteners such 30 t hat
during the forceful inpact of the vehicle on the ener gy absor bi ng
guardrail term nal, substantially conti nuous and sequential shredding
of internediate material between the plurality of openings occurs.
WD 99/ 02782 6. The
energy absorbing guardrail term nal of a a8z

of the plurality of openi B§s in the beans has |

wher ei n each openi ppaytern of opeyyin

hori zontal |y of f sed
center points.
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7. The energy absorbing guardrail term nal of Claim 2, wherein each
openi ng of thavpdweabkity of 10 openi ngs in the beams haspEnf98iQs: POI Nt

and wherein each opening of thg tern of openings in the beans

is horizontally offset from other openings by at |east t hree-fourths
of an inch wth respect their center points. 15 8. The
ener gy absorbing guardrail term nal of Claim2, wherein the plurality
of openings in the beans are arranged in a plurality of vertical sets
of openi ngs and wherein a center point of each opening 20 within
each vertical set is displaced fromcenter poi nts of the other

openings in the verti 9. The energy absorbi ng
guardrail term nal
25 conpri se folljéo

PCT/ US98/ 14492

M) f4arherein the plurality of vertical sets
e shape of slots. 72 WO 99/ 02782

16b




10. The energy absorbing guardrail term nal of Caim2, mherein the
plurality of cpesy@es in the beans register with thep%&ﬁ%

fasteners such 5 t hat during thesfgrgeful i npact of the ve |8Ie on t he
energy absorbing guardrail term nal at | east one fastener shreds a
portion of the beam at any given time during energy absorption and

t he shreddi ng of the portions of the beamrepeatedly traces a zig-zag
10 pattern. 11. The energy absorbing guardrail term nal of
Claim 2, wherein the plurality of openings in the beans registers
with the plurality of fasteners such 15 that during the forceful inpact
of the vehicle on the energy absorbing guardrail term nal at |east
one fast ener sh on of the bean1at any givef '

during energy absorptiFn andnt he shreddin t he por
beam repeat edl y tracgsjafipattjef/nf ggoi ng 20 om a bottom he
' gn 4 K. MD 99/ 027

beamto a top portion g
PCT/ US98/ 14492 ) %<Qﬂ"
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L.

12. An energy-absorbing guardrail term nal havi ng an upstream
end, the tergqglyfser absorbing energy during an i nPCRYSIHIAIR
vehi cl e, the term nal conprigingy 5 a nose section at. the
upstream end of the term nal; a first force-carrying,
ener gy- absor bi ng nenber having a first end and a second end, the
first end of the first force-carrying, energy-absorbing nenber 10
coupled to the nose section for receiving energy during the inpact
by the vehicle on the term nal; a plurality of fasteners;
a second force-carrying, energy-absorbing nmenber having a first end
and a second end, the first end of 15 t & Segpnd RoFe-carrying,
ener gy- absor bi ng nenber coupl ed to ahdj'ton o‘f? t‘;he first ~
force-carrying, T SOT T 1Ty TTE therpygratty o~
f ast eners; wherein the finst TOrCay etdye absor bi ng
menber is fornmed Wthqplurality of Qf fsd )& AR @r}
registration with thel plurali® of® ™ %e@r 1ged = Q
wherein during rel ati ve] novenent; of theiﬁl o LarryifRg,
ener gy- absor bi ng nenber| and t he secon%“‘ DN =Bt ¢ar|rivig, &
ener gy- absor bi ng nenber| the ekt ty rﬁ%s SArdd portion
of the first force- car+yn bi Yfr Wthia®
cont i nuous shreddj ng aggl v R
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21 wo 99k3sz A met hod of manufacturing an energy- pepa ﬁ%§3rb|ng
guardrail term nal conprising: formng a plurality o? eans with
a plurality of openings with a% of?set pattern; 5 - pl aci ng
the plurality of beans so they extend substantially parallel to one
anot her, and havi ng at | east one overl appi ng end;

providing a plurality of break-away support posts coupled to and
supporting the plurality of beans; 10 coupling a portion the
plurality of beans to one -or nore of the plurality of break-away
posts; and coupling the plurality of beans together with a
plurality of fasteners so that when a vehicle forcefully inpacts the
termnal, the fasteners shred 15 a portion of at |east one of the
plurality of beans according to the offset pattern. 14.
The nmethod of Claim 13 wherein the stegEqY; formng a plurality of
beans with a plurality of 20 openings W th an of fset pattern conprises
t he steps of formng the beans with each opening of the plurality
of openings having a center point ang erein each openi ng of the
plurality of openings in the beans i 352 352 310
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hori zont al l,y offset from other openings with respect 25

poi nts.
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