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ENERGY ATTENUATI NG SAFETY SYSTEM TECHNI CAL FI ELD OF
THE I NVENTION This invention relates in general to

wenersgpshzor bi ng systens, and nore parti cul arl pCrawsa0v4/041321

ener gy absorbing systemused to reduce severity of a
col l'ision between a noving notor vehicle and a hazard
by shredding or rupturing portions of an energy
absorbing el ement. BACKGROUND. OF THE | NVENTI ON Vari ous
i mpact attenuation devices and energy absorbi ng

eaulting 11 oRNEREs TN Bal Ao A E W i Rt or

resulting fro Wween a novi'ng notor

vehi cl e and var|0ﬁ§ Eﬁé3§§§$§§£§£8ta0|es Prior i npact
sorbing systems such

as crash cushions or cr.ash barriers | ude us
types T@flseﬁé]rvﬁmﬁ‘k%rbrrrﬁ S eSS ms Tr as%!':éy
%g{ ;:H i gﬁt@ﬂné nefdd andx grs-ticahserp tﬁmedixgyemléte@y

as sand is accelerated during_ an i
@blwrbcmasmytmem erged e wpSUGU SRS O bR chgﬁ ion
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§§W§ter’n§r F‘&Nlncgad%ldt Zryhazar ;@oﬁq%g{%gﬁ%gﬁ%hsggé%?lng

Ofirgy mReditaionmared em emraf sbdarbiey element.
exten ing along the edge of a roadway, |arge sign

ReshERANGS &Y s anvwadweyy and bridge pillars or

center prers. such i npact afttenuati on devices and

ener g¥; AbSArdi Nigh S¥st SiEerdi£: i dts tad v bee s nand eﬁéngy to
mnimze the extent of personal injury as well

cérmyD i sy SRR thane VR e QT eVFHEL OF erpRuce
S Rent. &5 qgg?;fcﬂ“érhéffﬁ§f@935g@w8§ﬁaédmov1ng motor
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%?géﬁ/cushlons or crash barriers include various types of

energy absorbing elements. Some crash barriers rely on
inertia forces to absorb energy when material such as
sand is accelerated during an impact. Other crash
barriers include crushable elements.

Some of these devices and systems have been
developed for use at narrow roadside hazards or obstacles
such as at the end of a median barrier, end of a barrier
extending along the edge of a roadway, large sign posts
adjacent to a roadway, and bridge pillars or center
piers. Such impact attenuation devices and energy
absorbing systems are installed in an effort to minimize
the extent of personal injury as well as damage to an
impacting vehicle and any structure or equipment
agssociated with the roadside hazard.

Examples of general purpose impact attenuation
devices are shown in U.S. Patent 5,011,326 entitled

Narrow Stationary Impact Attenuation System; U.S. Patent
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Absorber; U S. Patent 4,645,3 75 entitled Stationary
| npact Attenuation System and U. S. Patent 3,944, 187

wenistdegd7 Roadway | mpact Attenuator. Exanpl es 8€T/US2004/041321

speci al i zed energy absorbing systens are shown in U S
Patent 4,928,928 entitled Guardrail Extruder Term nal
and U.S. Patent 5,078,3 66 entitled Guardrail Extruder
Term nal . Exanpl es of energy absorbing systens
satisfactory for use with highway guardrail systens

%U 35300 It W3 e P00 1 4 S0F0# @ Ntditpd £8s NS 9¥nergy
sorBing Guardrail Terminal and U S. Patent 5,957, 43

B\ rentrittelrad URrfor qia-tasordi s Uk i 3 C e Fer hi ARRTENG
e“’ﬁg;&} AR Sogiy SRAgh. Al enual| o et Ceso gt 57

ens appropriate for use on a slow
MERHI] QF RShped hipgheaya sesviaeor ehi Examaptesshbwn in
U.S. Patent 5,248,129 ent.itled Enerrg Absor bi ng .
RSl T Y .aé?sowglg RS, 458, 788 ani T Ped-

}%g%%l éﬁ entlt%g &eYi-8Lai Y. B Paliept Terminal and

e |c e | npact Attenuating Device;
.S . Rattentt 4 0088 R66 emntit el | Gpardr®ad r ESFruger

Vehi c| CIh
e A e b (o M

e at ent

%aqifgsﬁa'i;ztoﬁmféfe@s@nﬁiﬂﬂ Bdy nguirdshiCushisoans are
U S. Patent 6,293 ,727, entitled Energy Absor bThn

&kmvemsirf OF - Fi xRaL Feladsi oS Hhdhr Rt TRE, E3REIY, %bsorbing

en | .eds En 0 n
F?’f@lﬁé dS|%ll%'ili%zarédlluEl l?hse f%%g%%?gg %2}76%%?’2&3&%\1@8
hﬁﬁ@iyyimmﬂage@ubydr&iérﬂndeTenmmahl gnd Method.
appl i cati on. Recommended gr ocedur es r eval uat i

perforﬁ?&ﬁ%ﬁél%sf ariBRdcty EEe%‘FaHaﬂ VUSSP &t ya}nale\%lngggy

d%& ?&%C ﬁgs PSptSaPEes6nt gdei BnNat k0B&l moving or
oper at'i I ghwa esear ch Program ( NCHRP), Rﬁport

géﬂoppé@rlasghmhase@nvnsgeﬁ@hwh d6ei ARaVAs1R Hewi-cEatent
g?I n%%écééﬁqgigdsbn r§y Absorbing Roadside Crash

Barrier; U.S. Patent 5,199,755 entitled Vehicle Impact
Attenuating Device; U.S. Patent 4,711,481 entitled
Vehicle Impact Attenuating Device; U.S. Patent 4,008,915
entitled Impact Barrier for Vehicles.

Other examples of impact attenuation devices and
energy absorbing systems are shown in U.S. Patent
5,947,452, entitled Energy Absorbing Crash Cushion; U.S.
Patent 6,293,727, entitled Energy Absorbing Systems for
Fixed Roadside Hazards TRACC; and U.S. Patent 6,536,985,
entitled Energy Absorbing System for Fixed Roadside
Hazards. The foregoing patents are hereby incorporated
by reference into this application.

Recommended procedures for evaluating performance of
various types of highway safety devices including crash
cushions is presented in National Cooperative Highway

Research Program (NCHRP) Report 350. A crash cushion is
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i mpacting vehicle within a relatively short distance.
NCHRP Report 350 further classifies crash cushions as

woibdsamesaredi rect ive" or "nonredirective" . APCEAiS2@®and1321

ive crash cushion is designed to contain and redirect
a vehicle inpacting downstream froma nose or end of
the crash cushion facing oncomng traffic extending
froma roadsi de hazard. Nonregirective crash cushions
are designed to contain and capture a vehicle

i?:??ﬁegélrﬂr Q%Vﬂ%{efdf%@ f4 B¢ Nese fled heo csasbly stop an
shi'on. "Redirective crash cushions are further
dlrassitfired vashieitehori thya ingrelat Ivehg R ot dbshrase-

A gating crash shi IS e desi gne |, Qv

i S ek T Lo AT
Retwean hey nesa Bfe 't her crashredisteonieat. t e redirective
begi nning of length of need (LON) of the_crash
SUSHTOIE ISR TOnGHR | P TIRT, CusFPRFR Ty B Bedt Bl Fo

have redirect o Ll Ld | ASs&Nbir enfiendt Bh
é%%ﬁﬁﬂ¢fdﬁﬁ%ﬁggﬁﬁ% I ﬁ%%sgéggggg%ce 3ﬁth tggchings ©
afrddte queseor fawierd | ongonisadvent fyesedpgnding from a
limtations asspciated with previous e rhi.ng
PUELLER e R R T Tt e e S
%&Sig?}%d ad Yedphicethd ehprhnat gdvekhel aspephcoinghe
present invention includes an energy absorbing system

vivots trese eE ToTs t e deoselj Ak eflRe t eTABRAISTFERIARzar ds or
hazar ocat.ed on agygg- p e p ofr;ag
vehicij%E ??%fYﬁﬂ?f%%%n W hégﬁcﬁgéaggfgég? ?Eéés * 2
SYSit 198 MBya t NN6d uder atnbrgst ingt éaeigysabsdrphhgng crash

nbly whi ch dissj pat f hi,cl .
R PR G DrNRIEBIOEAG B9 St LR BpEOaFt el fPgpPanetration
U§EQ£dve%%§ﬂ%aiNfﬂﬁ§lfmﬁgbtigéﬁwééhhtﬁéenéﬁé ef the crash

Sor

energy a ing system portions of at |east one
enesigiah sandi tige ebegentingyobelengblided BeefupiGNedofothe

di ssipate kinetic,energy, fromthe, vehigl8,20dyPHevisdeigned

to have redirection capabilities along its entire length.

SUMMARY OF THE INVENTION

In accordance with teachings of the present
invention, disadvantages and limitations associated with
previous energy absorbing systems and impact attenuation
devices have been substantially reduced or eliminated.
One aspect of the present invention includes an energy
absorbing system which may be installed adjacent to
roadside hazards or hazards located on a roadway to
protect occupants of a vehicle during collision with such
hazards . The system may include at least one energy
absorbing assembly which dissipates energy from a vehicle
impacting one end of the system opposite from a hazard.
When a vehicle collides with one end of the energy

absorbing system, portions of at least one energy
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decel eration within acceptable linmts to mnimze
injury to occupants of the vehicle. Each energy

wahewroesng el ement nmay be di sposed general |y necmais2(0e/041321

an associ ated shredder. For sone applications each
shredder may be di sposed generally horizontal relative
to associ ated energy absorbing el enents. For other
applications each shredder ney be di sposed generally
vertical relative to associ ated energy absorbi ng

ehfBM iy Eechinanad wtagesiadd the pigsenrsd to

i nvention i nclude providing a relatively conpact, |

rmamara}t@@g%etallbsmﬁw et et Yehheterynd gprovide
ot ect.ing vehicl.e ' ' ct . W i de: i ef v

B S St YRR LD, B ek sy

treadidigsartds tde tiesestidwent Bach nayebgy f absochied

S el 8L A COL 1 STy opal 7B SE Bl ociacea

sa&ldpd pdusddy - s e a(;g?é‘iiéé@:goﬁé{ SLLAE SRPABEASr may be

innovatlve structural gns with energy absorbing
tdecp sk yameta bre Hhghioniprkdret ableeabd respabpeed

Such systens nay b il [ t ' :
e /TR S SRR, "oRR) SRR AELRLIELLRY cach
aRSAcd @2 dnay the r@VeHSk &d Sheredel 1 orvent edagenetaktliye to

per pendi cul ar throu a solid plate may include a
Ferd sl fed reerIh u%bf?@ﬂ?bl%g z%f%tﬁﬁlﬁkg *bei ng knocked

S T e

front . the s er proceeds
| iang didksli prad ¥y 1 iy caughe  deigel y dephpaet , Fopdul ber energy

applications, a shredder oriented I .
s el SR AL Lo AL B A EoTag BF BUtRTa TGS
ldt[‘r.eir?gﬁ fRbdr eyphead pigéheaseedder nazbhasshredeeny

noves pngltudinally through the solid plate. The
ralp orletngt sy $aémeaindefberat bhn@ HAFCHiNgReCbt B present

Y00 108 ALY 88 FanLPORELA" N DELLEG819N1BAIBES 2 ing

conventional materials and processes which are well known
to the highway safety industry. The resulting systems
combine innovative structural designs with energy
absorbing techniques that are highly predictable and
reliable. Such systems may be easily repaired at
relative low cost after a vehicle impact.

Failure mechanisms associated with moving a shredder
oriented generally perpendicular through a solid plate
may include a series of small thumbnail size chunks being
knocked out or shredded or ruptured from the solid plate
in front of the shredder as the shredder proceeds
longitudinally through the solid plate. For other
applications, a shredder oriented generally perpendicular
with a solid plate may produce a single line of failure
ahead of the shredder as the shredder moves

longitudinally through the solid plate. The ruptured
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absor bi ng el enents havi ng openi ngs and | ands
i ncorporating teachings of the present invention

woeesloeg72f n a general ly consistent, reliabl e nmedeustoo4/041321

failure which restarts each tinme shredder noves from
one openi ng through an associated | and to anot her
openi ng. I n accordance w th anot her aspect of the
present invention, a crash cushion nay be provided
with a shredder and one or nore energy absorbing

el t L g UL Pnse @l depeat abbhhdycné
t@%@%ﬁgéhﬁ%&gﬁéo@ﬁ gﬁ’{é‘eddaigﬁg or rupturing olr%ti ons
efhraiddeaast Guupearsripn dFsordsmelal S , Al cRneHLY gy

absor bi ng el enent have alternati I and
GREALRILCGMR TG ng%/aa‘f]él% ?E?werclalariié o%lﬁ%rﬁ%gé%r ovi de
saf & rdaRaatapledacalss af ahofpreseht clevénpachi ngsults

one end of the crash cushion. The crash cushign,fa¥ nich
iinclaudrereefa st | Cors bRt v Kok talR tToe t of abotpre wWhic

i ct_from | ' I £l&8 @RE/ 8heslif
r%%%ﬁeh?%ﬁn?i%eé%as%%ﬁg%fﬁ may have gﬁ?n' dd%ve
R Wit hasstec it exbr areh ergyardsoebi ogeriegent s and
associ at ed openi ngs an Ianq:. The_size

[

openi Ngs EFRTHTEH L P e %%p%$%n§£tggglgﬁa?ﬁnt
*nm%efgycﬁééﬁf@&mi&h afBpthé OoPEPVEEE WRERMHM

ecelerati'on of an inpacting vehicle. The crash
calsdd dite megnd aviee a0t Hnexe opnéTai| 2peprPERIWEL AMBRESOEC
nor e, ener absorbing el : cjat 0 LROS
LIS Rt o Ts SPRorts reoet T FBrehets. ChTch
snesdth ehh ¢l Ssrédd 86§ obfangstwkihgtpachiogs of theleast
present invention. The present invegtion nay‘gllow.
resRI e IRF TN e EMBRENGr 1 ¥RGEh- of ERRRr §YSEBEoPBPRGC Y
F%fgﬁ%ﬁé $€QUﬁ£?g %?tgkﬁétﬁﬁéel§ﬁgég¥nﬁr@ﬂbﬁﬂngs which
i ipacti ng hicle by varying the size of openings,
spespacaid Wandseackegnear stbepneehdeheadpenicagsatable

ﬁ%ﬁéiﬁéQQ%%QE§§?$§§§855ﬁ8°9m828£QXgagﬁgrQhﬁgo%'%Hénkrash
cushion. The crash ;ushion may include a first,
relatively soft portion to absorb impact from small,
lightweight vehicles and/or slow moving vehicles. The
crash cushion may have a middle portion with one or more
energy absorbing elements and associated openings and
lands. The size of the openings and/or lands may be
varied along the length of each energy absorbing element
to provide optimum deceleration of an impacting vehicle.
The crash cushion may have a third or final portion with
one or more energy absorbing elements and associated
openings and lands designed to absorb impact from heavy,
high speed vehicles in accordance with teachings of the
present invention. The present invention may allow
reducing the number or length of energy absorbing
elements required to dissipate energy from an impacting

vehicle by varying the size of openings, spacing of lands
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ener gy absorbing assenbly may be forned with two or
nore energy absorbing el enents stacked relative to

weaads/oesher. Further technical advantages of tReT/US2004/041321

present invention may include providing relatively |ow
cost crash cushions and other types of safety systens
which neet the criteria of NCHRP Report 350 i ncl uding
Test Level 3 Requirenments. A safety system having an
ener gy absorbi ng assenbly incorporating teachings of

t t i i ' o f
ﬁis%r gﬂsﬁwl m‘ﬁgﬁ}éﬁ%ﬂ@)’qﬂ@qﬁﬁjé HrattoF | ¢ e USROckness o

er conditions and is not sensitive
tematpletheargynastants ng el eyentem gL bECRRsipylications, an
installed, operated, | ecte ' i : e
G it o B B, e, B T AP, i pPor more

GORGIR QHRRAD iRy rehthatt S ad tdgksy stelat hieer por eaachgother.
teachings of the present invention y .elimnate or

subst dwitdiany yeehrcd AWaRRFRT O bf tinpREESent
{1 ti q i
%ansﬁqll‘f:%.cgnor?nag/ev'r?%ﬁbd;ér]?%fgf{@i’n@%ﬂfﬁewnpéﬁeabﬁt crash

y replacea ow qui ck, low cost repair
afidrions santeottiés aywesiode sapsty ssyEtéms ndhieh wpet the
easjly crushed or _easily b material s h
A% TR s Cﬁwé“@ﬁ%&@%‘#‘én%@aﬂﬁgwﬁ%% %%lgéaﬁ%‘efe%i £s
%ﬂgé'&éﬁéktéﬂp3&t§aféﬁﬁ thec sy shemndeshnénakgy absorbing
benefits of the present invention may include a

reehder] e rieryrpdsat big ot 63k Eg e hat  FRg BESHSBE wAYRRTion

per manent_.roadside hazards;o ;% rpx¥ed from
cWﬁiThﬁnﬁﬁ%ﬂifg%%%¥%g%a%gé?s u€%¥%b§%ﬁ§§ to anot her
t ESROT BT O 06ed | D8 hoeceats it ke zonegoldAosahetpture. The
systen1incorporating teachiﬂgs of the

8

r Al
i SWRERT OTRYIEYE 351 BE #BERELLESON ePeEREednq BeRgFted and
g‘;@ﬁtﬁn& ghwesgggkgﬁ R9Yi BaeDhst Techai 6al nbeneki t s

e present 1 nvenhtion nmay al so incl ude installin%
ofel of 1 mprasphel gyorbsonbrate assdebl | Asmapppar safety

r§§ §§%if§E§P§£9¥t?RSOEQEQHiﬁégngﬁtéhe present invention
may eliminate or substantially reduce field assembly of
impact attenuation devices and energy absorbing
components. Easily replaceable parts allow quick, low
cost repair after nuisance hits and side impacts.
Elimination of easily crushed or easily bent materials
further minimizes the effect of any damage from nuisance
hits‘and/or side impacts with the system.

Technical benefits of the present invention may
include a modular energy absorbing system that may be
used with permanent roadside hazards or may be easily
moved from one temporary location (first work zone) to
another temporary location (second work zone) . A safety
system incorporating teachings of the present invention
may also be mounted on trucks and other types of highway

service eguipment.
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di sposed in substantially horizontal positions. As a
result, the energy absorbing el enments may be nore

weasisiogsnepl aced and/ or repaired after a vehi cbeTiuspmaen41321

with an associated crash cushion or other energy
absorbing system An energy absorbing system

i ncorporating teachings of the present invention may
have energy absorbing assenbl7es arranged in various
configurations. For some applications, only a single

row ofpRNRTML AR NG ass i | Rfed@t binverst abheday also
adj acent to a hazard. For other applications, three or
rived udenst et adiaimyy Qaiss 07hi TR A sERGHTY PR HRI

installed. Al each r.0) €
T e
Qﬁ%@fmﬂécﬁ%n Eﬁﬁasafaaﬁﬁrﬁllmmi oontzd 1 ques fiptbhyi nghana
ener gy absorbing systemto, nmnimze possible inj tQ.
Fatesttihe RERRl AR n%ﬂé%%% % PH Eg%g%""gllif

vardelye Py ,Cl 4198 4 hge At 5 VA& DélBe SPREESE . wiBh an
ené%gy a sof%?%g]§§%t6n1incorporating teacﬁ?ﬁgs of the
[reesETita et entdon eushimr eorastiher brNeEps| egorbing
foll owi ng i mpact by a vehicle. Energy absorbing

1% s may be disposed in a horizontal position and

secur elyy atdaghetbdorioihersgopponbmntsrpdratiengneegyghings
absorbing systemby a relatively small|l nunber OL.

el Halre Gl et eHRYSRT FOR BXANPRES BReT9Y| PaRE NI
assocj.at e e: I QN L i n
S G TR S SR T S e o o =ome
apsh pssaci ated onilg. a Asieglesubv, of henenay ggPapEBABENg

eIk TR0 B2 P, SULEHLY 285, 0BAe £Rh T ¥otepbacesor
Yride Y2 @NS08 bi Pgrsy sbemoBy bewsDoE queelly and
nore easily replaced follow ng a vehicle jnpact . For
someorbing assemblies may be installed. Also, each row
may only have one energy absorbing assembly or multiple
energy absorbing assemblies. The present invention
allows modifying an energy absorbing system to minimize
possible injury to both restrained and unrestrained
occupants in a wide variety of vehicles traveling at
various speeds.

An energy absorbing system incorporating teachings
of the present invention may more easily be repalred
following impact by a vehicle. Energy absorbing elements
may be disposed in a horizontal position and securely
attached to other components of the energy absorbing
system by a relatively small number of mechanical
fasteners. For example, one bolt and associated nut may
be used to provide the holding power or structural
strength of three or four bolts and associated nuts. As
a result, the energy absorbing elements may be more

quickly and more easily replaced following a vehicle
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appl i cations nodul es which nay be easily replaced are
used to shred energy absorbing elenents to dissipate

wenersgygsf2rom a vehicle inpact . Each nodul e maycirmusbkosde41321

a bolt or other type of blunt shredder that nmay be
easily replaced. The present invention does not

i nclude any type of cutter or sharp edge. An energy
absorbi ng system incorporating teachings of the
present invention may be installed as a nodul ar unit,
fi%?%\vﬁéi asp2ndPdul @t aatdd DbV NGed ¥EhtBEEchaPERL
and replaced by a new nodular unit . BRI EF DESCRI PTI ON
@D STHED IDRAWNESTA TRl 0@ JRpF et @1 bakkY seaAdhagSofaEheY

B YR PIRT POy el ket el (e

escrip onjunctron wth the
&g%mmm%ndémbcmédwlgﬁ wini wthi edny | b&kecaei tyeneplaaabense
indicate |ike_features and wherein: FlIGQJ 1.i.s a
i SIS P SHOVRIEO A TS CRUEFFRES | R (- PRLPaCe
‘%yéf Se PERKE N aMBY1 Of i R SBF eddgs cRNloaN1 8NREGY include a
absor®i ng assenbly I ncorporating teachings of the .
aElsentr | onleet | oype FBUREURE | shueddhenbhft wrXwWPRgePF1lY

sectjon wt ortions broken away taken ot [,AEeS
S il B prriore 3T anElSnaRRE ey e ne any

L NGF 3Py eXPk 08edsha BPNBEGEC VARVEEF§ypabbbebing system
broken of an energy absorbing assenbly and an_ener y
abser rpege el eaebea RAlNAY ‘PEnEIEeoPr%@ﬁf’énf-EV&PEﬁBQeg‘ y be
bet spect i [ or I BgagC uni
AUTEE BT R o8 SQBEE BATC P R DRoREA BT o IRY, nit
sEdETE i Bg 08 avehficsdowmpgea ghdnrepéacedt hyper nepngiodular
br oken away of an energy absorbing system
i Web¥ porating teachings of the present invention

FIGURE 4B is a schematic dramﬁng showi ng a plan view
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present
invention may be acquired by referring to the following
descriptions taken in conjunction with the accompanying
drawings in which like reference numbers indicate like
features and wherein:

FIGURE 1 is a schematic drawing showing an isometric
view with portions broken away of a shredder and an
energy absorbing assembly incorporating teachings of the
present invention;

FIGURE 2 is a schematic drawing in section with
portions broken away taken along lines 2-2 of FIGURE 1;

FIGURE 3 is a schematic drawing showing an exploded,
isometric view with portions broken of an energy
absorbing assembly and an energy absorbing element having
lands or segments disposed between respective openings or
holes in accordance with teachings of the present

invention;
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with portions broken away after a vehicle has collided
with one end of the energy absorbing system of FlI GURE

WOANSPEEGIRE 4C is a schematic drawi ng showi ng RCpiuam04/041321

view of another energy absorbing systemincorporating
teachings of the present invention; FIGURE 5 is a
schematic drawing in elevation with portions broken
away show ng an energy absorbgng systemincorporating
teﬁchl ngs of the present invention; FIGURE 6 is a
schemaly A NG W IO QN RPKEN SGY1SH0M PladNvi
expl gg:teé’?]% an view of the elner gy alggj(;r bi nglﬁst eﬂsr%ga e
aﬁ_&gﬁlgﬁtt_&ld.csfﬂ’ éngﬁte_sq soret PE @5 BIRTEY akepdPies angtem
guide rails, as shown in FIGJRE 5:; A
SESRRAATE [ %ega%%o% %g"fﬁil}% SRATE iy B foms
over | apRivite panels i spesec ial agwings ssldewdhgan plan view
ener gy absorbing systemincorporating te ch]ian s of_the
méfﬁmonmimlwk%@@’saﬁtse% & "a?f% ?gmgl%ﬁed
section w tl | i

ol d:0 Pe¥ tiyons. hroken avenh ShowWHg 8mf b SFIGURE 4A;
Jﬁg'lreoanrﬁ panel anc}?a eseco d domst%ggz;m%anel slidably
di ﬁpomm at vies td savimatherdrawQuREsRoving a plan view
schemati c drawi ng show ng. an i sometric view of .a_ sl ot
A S (R oo B SP Rmiar e B pife
Vﬂéafbh}?irgfé‘%f SURP Ob e & &1TB hver@ELoR fance wi t h
teachings of the present invention, FIGURE 10 is a .
scheneRIGURIE aii 1y @ hewhenp i | SoNetRg c1hi BhPYVREROD With
portions broken away o n. ener gy bi
S I R U A e s
theePresent 1 hd vesd dlohadd GUREHd pseaestchenmentidnaw ng

anot her isonmetric view wt oken

showi n i
avay oEgICﬁIF%E ehet gy a%%%‘?‘_ﬁ"f“hjgc s%?‘é?ﬁlg%géﬁggogg%g%l 3]9 roken
OJW%l QR 10 £ R ddeds Biok hepayi 6£deawi Bgeigy

sec on an
absorbing system, associated shredders; energy absorbing

assemblies and guide rails as shown in FIGURE 5;

FIGURE 7 is a schematic drawing showing an isometric
view of overlapping panels disposed along one side of an
energy absorbing system incorporating teachings of the
present invention;

FIGURE 8 is a schematic drawing in section with
portions broken away showing a first upstream panel and a
second downstream panel slidably disposed relative to
each other;

FIGURE 9 is a schematic drawing showing an isometric
view of a slot plate satisfactory for releasably engaging
a panel with a panel support frame in accordance with
teachings of the present invention;

FIGURE 10 is a schematic drawing showing an
isometric view with portions broken away of an energy
absorbing system and associated sled assembly

incorporating teachings of the present invention;
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el evation wth portions broken away show ng anot her
view of the sled assenbly and associ ated ener gy

wahewroesng system of FI GURE 10; FI GURE 13 i s aPCT/US2004/041321

schematic drawi ng show ng a plan view with portions
br oken away of the sled assenbly, shredders and
associ at ed energy absorbi ng assenblies and associ at ed
ener gy absorbi ng systemof FIIJ@QURE 10; FIGURE 14 is an
enl arged, schematic drawing in section and in

el evatj i thy pag t.] BMBYi hbbtRse
14- 14 #(;%%&M&}EEEQ%;& %%J%%EE%%‘I s a ls%%éﬁu%?%ﬁgggwbng -

vii ddmeioritd onewnoken powyl s rekeh awgl odédthe energy

i sonetr.ic view of an.engergy abs i n y-.guch
?ﬁ%ﬁﬂﬂ: qulﬁfgl?rﬂf”ﬂ%cnf%%r ??%@&aﬁﬁgs 0 tlﬁé
presenirduneentd ofg & £3IREmdHi ¢ sdeawthenih i sedt Awhngnd in
Wi th portions broken away showi ng a plan yiew of .
et it or i h P @ lehent SPTHERR oray | PP Y LS hPRGEREE view
th res i LQn; dy EL GURE- j ch tben
o?t:va%neg S?lnnédse%%/s?%hﬁ%?t%ﬁ%oartg% ons b%gok%ﬁeigv\gy Eﬁgw ngga
papelers UpP@rIGHRENEO and att ached panel s satisfactory

for use with an energ

bsor bi t ' - .
(o VR AAAD B0 Lol abacrPng RSLETARERHAOLPLISH i
F?%%EH TLONE JHE L NVENT OBF Thige psBS@N4 s EaMBIYI, OBhardders
its a

antages may be better understood by referring |,
tand| GURES 4549 eberdr dpadrhiRd eReMRLHBFaPBIpaPRgciated

%ﬁ%g?%fﬁzéé$§%§$$u%?%é?ﬁ98fd#f@Uﬁ§r1§'Of t he draw ngs.

| ongi tudi nal | y" and
"li neagcuwkt | 1gener ahl ynberyséd sohemsticbdrawéng in
orientation_and/or novenent of conponent a%sociatedt Ken
Vet ton eed gl aBEBY BE AgRsYSERPPH 6?86r§FP g away ta

LRSI N5 Of 1h€14 of FIGURE 13;

FIGURE 15 is a schematic drawing with portions
broken away showing an exploded, isometric view of an
energy absorbing assembly such shown in FIGURE 14
incorporating teachings of the present invention;

FIGURE 16 is a schematic drawing with portions
broken away showing a plan view of energy absorbing
elements incorporating teachings of the present
invention; and

FIGURE 17 is a schematic drawing in section with
portions broken away showing a panel support frame and
attached panels satisfactory for use with an energy

absorbing system incorporating teachings of the present

invention.
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present invention in a direction substantially
parallel to the direction vehicles (not expressly

wehowssteravel on an associ ated roadway. The t eCTAIS2004/041321

"lateral” and "laterally” will generally be used to
describe the orientation and/or novenent of conponents
associ ated with an energy absorbing system
i ncorporating teachings of the present invention in a
direction substantially nornal to the direction
vehi cles travel on an associ ated roadway. Sone
DETPAAER PESCRIRGIGN A% JHiE dgNEREIRE i ncor porati ng
teachings of the present invention may be disposed at
aﬂ agglhe orefiente W@tntei@?@é’éi)/i%&/ﬁvﬁarfte?%ﬁ VBAY oPe
i.rectd on.vehi ¢l t I '
PR M IOMISE oAt T oBor 1 Do fed (b o e
deseiiinRes M\ Hunstadls itse iagprsadretat yl Pee adn@l with
and in approximtely the sarae eneral direction as
FevERERONSHng Rafitd €% iRl HP%ssoci at ed roadway.

The t&ng ;;ﬁiﬁsf eaindi dla gener el | yokei tis@rhd D1 gesandbe

m)v'erre_nt _ is approximately parallel with but in

a';lfxlmaalenﬂ';atmell)ZLI aeropposiy daliverd itoh FRSHHHRPERECOf a

vehicl e traveli on_an assocj at : ;

'Wt@flﬁorhr?dl&g)m Vg "?‘ﬁ'st rroafil‘ Cgcﬂ“s% e use‘%lg-%]&(;c'{gﬁg8 with

385 Wridigyyt b 08 s it el resiponesnt inel aéavkings of the

anot her conponent in an epergy absor bi ng syst

{pmﬁqm'r ia;tn\?fttﬂéatmmg% SFrEHel PR TR %%ﬁﬂ%npa%ﬁélel
er ‘shr S ' u }@ﬁge U&h&Er

gteoner ar | y ]ﬁe tul_sc%e}ge\?%{%%%ec%i eélt% ﬁ% r es%%?% %l#&gn) Teyavel on

st egsissc ergad)i mepduoast | orBheftermentlgyerndbsbr HRfg

e"I enent to di ssipate ene of an i Ckj [ [
e i T T EEHTOL ot nEop cRent T RE LRt he |

e d é@ioﬁ@ﬁ%‘oﬁhﬁ@@&hé@t & £ ptoponstt s upssothgted with
may al so be used to describe the conbined effects of

rdIp PRIy RS INh HRgl/ B S bPB At AP AEPPEF Ei BAsCBRCRANTS Oof the
%%%;g¥n€b58&§ﬁ@ oﬁlfgegtdirection gsubstantially normal to

the direction vehicles travel on an associated roadway.
Some components of energy absorbing systems incorporating
teachings of the present invention may be disposed at an
angle or flare (not expressly shown) relative to the
direction vehicles travel on an adjacent roadway.

The term "downstream" will generally be used to
describe movement which is approximately parallel with
and in approximately the same general direction as
movement of a vehicle traveling an associated roadway.
The term "upstream" will generally be used to describe
movement which is approximately parallel with but in
approximately an opposite direction as movement of a
vehicle traveling on an associated roadway. The terms
"upstream" and "downstream" may also be used to describe

the position of one component relative to another
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wi t hout cutting portions of the energy absorbing
el enment. U S. Patent 4,655,434 entitled Energy

wahewroesg Guardrail Terminal and U S. Patent BC9AB2003/041321

5 entitled Energy Absorbing Guardrail End Term nal and
Met hod show exanpl es of shredding material disposed
bet ween spaced openings to absorb kinetic energy of an
i npacti ng vehicle. The terns 1ogore" and "gore area"
may be used to describe the area where two roadways

dﬂo\ﬁ% A GOMMLTAE A UGB $hd YP)S@dih Vi ROGRESHa 0ing

two"si des by the edges of the roadways which join at
theaginimgs off dihemgessibringmergence. Traffic fl ow

is often in the same direction t ing "
roadm&ﬁ'ée. R e Sg?]%ea ’nas)ej:l rlenog#]brg@ gﬁ%‘%}f ‘g%? sglg? Tarkeg e
%%Weﬁﬂtl@%btd&éd oaslvyscr iPdechdi relsslde of a
third boundary of a gore area_ may sonetines be defi

. d
fﬁr@@l@&i REAT L% DAL BT et ®h SHTEHY { RRSPEPAPY of Lement
| V€Y. T
A, S R O e e e o
fuiixad tveaadsings haz arlts sredens nvemrgeosi gnThesteras

b"ridge pillar_or a center pier.of a bridge
oﬁ?’i%%s.s%%%‘gjr%' h%l_i%t?%gn%@d aﬁc%%tlilﬁ%ﬁ%deaéy also be
t EINNPTES Ya e K1 B¢ egh&li spasateadk pEebt st of artppdngy bearing
| ocat ed between two roadways . A terrporar% vvo%k are

BrL

Z?d Acm:lt el 0P @ pERN BT O bt AT I¥nd SRfcFagment
Cl e i . ;
35901 A oo LB 90k 1 808l 5 00w 0054 EU6LL8Box Tt 81Bhenc.

so | nclude a gore area or any
at her st st ud 6 b Deat €denid] abedt Ehergyr dhdwepiagd Guardrail

et e ] S e ar BECC a5 DS (sbiot 6 G5 FOE REP
R e e et and st appeq, o ootes
vehi shesddinequapeeiel . diExpeptésbot weaBh=RasgFAdSPREY NIS tO
' Jsiude. bul, are not Ligkted §9y.BLohuey AIkeLY

The terms "gore" and "gore area" may be used to
describe the area where two roadways diverge or converge.
A gore is typically bounded on two gsides by the edges of
the roadways which join at the point of divergence or
convergence. Traffic flow is often in the same direction
on both of the roadways. A gore area may include
shoulders or marked pavement between the roadways. The
third side or third boundary of a gore area may sometimes
be defined as approximately sixty (60) meters from the
point of divergence or convergence of the roadways.

The term "roadside hazard" may be used to describe
permanent, fixed roadside hazards such as a large sign
post, a bridge pillar or a center pier of a bridge or
overpass. Roadside hazards may also include a temporary
work area disposed adjacent to a roadway Or located

between two roadways. A temporary work area may include
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trucks and equi prent performing construction,
mai nt enance and repair of an associ ated roadway.

wodaoismdag2conponent s of an energy absorbi ng sysPemiUS2004/041321

i ncorporating teachings of the present invention may
be formed fromcomercially available structural steel
materials. Exanples of such materials include steel
strips, steel plates, structasal steel tubing,
structural steel shapes and gal vani zed steel. Exanples

fﬁrﬁEUéCttgg%l Jreelqshares ianel/dde Watsiheapas, agddciated

apes, channel s, tees, and angl es. Structura
sticel roadl esprEy Imve:dr@giéfwttl@quuéqh%rt%q'b’é‘?a side

dth., The |canlns i tut
%ﬁlalrghe?ag S1 edh n]Torma |g(;%nr%];oncer ni ng ?ﬁawtg%ilon

Y RES t¥freC ARt Rl it ald @ staaubiay endteedsenting a
material s sati sfactory for use in fabricating energy

Boserisi vy SyscEE'd fddfoiat i ng teachings of the

present, '?;V%?Aé Qi o S0 S YR 2Rl 4Latd ONGay VIeE | @88 to
corrponent s of an energy absorbing systemi ncorporating
tdeachiitgs teftlt heogrtsiximthd zamsta ] hazaeds ok pedted o‘Pﬁl a

conposite materials, cernets _a ny, e I
FRFXRACt 5t S ORI Vﬁ\r/\h/glycalsa C%P < ‘g?% £he Thad
%rt%}gﬂgd MBI O d8 &atigniamit ed Emr@gsﬂ@lsf@f ntagh hazards
energy absorbi ng systens fronsteel based materlg

Ay netclluds | dyut rorererelt | Rt shigaway sa%ety
Conbl nat| o Z?C%}P% %%?éﬁ%})lﬁfﬁﬁl&%éﬁé@fu@ffloﬁormé!§ﬁtéfiance

. used to form an energy
%ﬁﬁpfﬁwﬁy@ﬁmlmmmmdm@amw ngs of the

present invention. For I t
R AT A L

fﬁ%'é@b@ﬁ¥n§§ dorams ﬁf@@éﬂt|ﬂn9éﬁehon may be
ner ng systems 20, 20a, 20b and

i ﬂmﬂﬁq:tb rﬁcbm gcomaehe hyblyfavabl gpke eﬁ?r}lﬁ‘\'féﬁtap-oﬁtﬁﬁ}
%%E%%l sbe égégéigg 5P 885 RSP FYSNLEORS166aSBteel
strips, steel plates, structural steel tubing, structural
steel shapes and galvanized steel. Examples of
structural steel shapes include W shapes, HP shapes,
beams, channels, tees, and angles. Structural steel
angles may have legs with equal or unequal width. The
American Institute of Steel Construction publishes
detailed information concerning various types of
commercially available structural steel materials
satisfactory for use in fabricating energy absorbing
systems incorporating teachings of the present invention.
For some applications, various components of an
energy absorbing system incorporating teachings of the
present invention may be formed from composite materials,
cermets and any other material satisfactory for use with
highway safety systems. The present invention is not

limited to only forming energy absorbing systems from
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barriers, or roadside protective systens. Energy
absor bi ng systens 20, 20a, 20b and 20c may be used to

woniosrcgr7t he results of a collision between aPaDAUSR004/041321

vehi cl e (not expressly shown) and various types of
hazards. Energy absorbing systenms 20, 20a, 20b and 20c
and ot her energy absorbing systens incorporating
teachi ngs of the present invemation may be used for
bot h permanent installation and tenporary work - zone

PRI YI A0S mENETIN ADS QLY R (IS0, n@Rer 20Di c
an 0C may sonetinmes be described as nongating, .
mediardetlisy et asimeirstiionss  tEenepl aBserhi dee syt bpgactory

20, 20a, ,20h .and 20c ot h r L hg

375 S FTCOF RN Y TORCS O ‘CHe B esery co form an
et AbdBYb ITRE s Rt @x Caatb MR Repor¢adbingdest the
Level”" 3 requirenents. Various features, of the present
iDnesritorl AT E I de Y IS IRP F et 0 %lﬁg‘r”%

absorhi.ng. sys ' LG RES; #Be present
e‘—‘\liaesrogr?J 3 o%jb%nﬁéé%é%sﬁcm Oa aﬂsﬂé own in CiaJ%gE 4C a1r31d
ERBFit 1ad1s it e sfstresd 2Dboragnshbweteel FI GURES 5 and
6 and ener gy absorbjng system sho [ I ES
10- 15 . ERgHIH (RPITR fsgéﬁ%%%égg’g%%aénggaygg sgy i ng
ASREIIP S5 1 A A ROERE AN & eache NGse HEnt henperseah may
i nventl on may be used with energyabsorbing syste 20,
2me 20te @k 20efemied presant CFaYe nt R PRS nof TRPHI t ed

t.o shredders 116 d ' a I es
e T (A T EAR i3
04008y p9bemd 0De, anak 100ek &ond 30cemappbecasgdn§o
ener gy absorbing systens 20, 20a,. 20b agﬁ 20c_mma tbe
vt 2 e reepebts vel i deP bt LT HPE sPCREG v & MBH]T
onent st esmn Pf ag@chagietgygpeer bieng
g&%?@%ﬁ%a§n€€q%%%¥§%$g% %nd rgnnved as separg?e
incianidual Emedesabforbexanpyetemnezfy abser BPRgand 20c

asseolise MRy, D 19L0Bd; )0t 9, LOURs 2N 5PERY8E T ing
teachings of the present invention may be used for both
permanent installation and temporary work-zone
applications. Energy absorbing systems 20, 20a, 20b and
20c may sometimes be described as nongating, redirective
crash cushions. Energy absorbing systems 20, 20a, 20b
and 20c and other energy absorbing systems incorporating
teachings of the present invention may meet or exceed
NCHRP Report 350, Test Level 3 reguirements.

Various features of the present invention will be
described with respect to energy absorbing system 20 as
shown in FIGURES 4A and 4B, energy absorbing system 20a
as shown in FIGURE 4C and energy absorbing system 20b as
shown in FIGURES 5 and 6 and energy absorbing system 20c¢
as shown in FIGURES 10-15. Various types of shredders
and energy absorbing assemblies incorporating teachings

of the present invention may be used with energy
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with respective cross ties and guide rails formed in
accordance with teachings of the present invention.

woheosroesualt i ng base nodul e may then be instal |l edT/US2004/041321

adj acent to a hazard. Panel support frames and panels

‘may al so be manufactured and assenbl ed as a nodul e or

serigs of nndyles which are delivered to a work site
for |nspallat|on on the assogiated base nodul e. Sl ed
assenbl i es 40, 40a, 40b and 40c may al so be assenbl ed

%%@o gJi. ée%%tte%s_a MOr o3l t @035 i e Mmitil®resent
'hreader .ormsd in apcordance W th teachings_of the
Anesatt onnvientiosn L talds ¢ heshuesidaed s 3P| akeatfreroy

dul es. Ener hsar ky S :
PREPERE TSl B8 ALy Yo Eh sy s e st o b
BBy b ndde 1shegitas Set| v oAl 1Ety gyl tilys cariod Y0 &F st em
20c may include sl.ed assenbly 40c. First end 41 of

each $load se8se /PR AR A0 SRPHDE TREP O BsPORE™S 20

gener aldy Mid B dd et end 2lqf 1ass ond atashener dul
abs%dr bing asyst eorrB 287, 20::{L anttcjg120b g%d 2685(;:&? l\/atg?irgcljsu =

usHds.0 fAdrem steed cams emigaents 26b e cWory dens of each

preferably selected to allaow.sled [ 4

&G A orrZﬁé}gn TR &° iln%acﬁsf%é)j&a (Iig e%‘g‘g‘g% as
\ehiGl g o ThedhARIs ORI SonfigHratampl of éhesgyend
417of sled assenblies 40, 40b_and 40c, defined in part

o srorriery pestembia et dnags, be dipBrek 11U TGS b%’?%%’gaged

R N s e R S R o e
\%ﬂiﬁoc?rﬂg%gﬂéﬂfsgtoﬁm?(ﬁg@foﬁntelu@ypmS@ntbi hgveysiens The
) ey Pase (HRKSITEY (R T So BRI A1 Fa)BPRBP O 2
o Bl a1 Gr ot o el ond 41 mmy.- a6 2o be
selmctart ekt tdsetyolednss o2 Rodet ¢ cOBnBPEyEveh
Igo ufggnéﬂféh are delivered to a work site for
installation on the associated base module. Sled
assemblies 40, 40a, 40b and 40c may also be assembled and
delivered to a work site as a single module. Threaders
formed in accordance with teachings of the present
invention may also be installed as replaceable modules.
Energy absorbing systems 20 and 20a may include sled
assembly 40. Energy absorbing system 20b may include
sled assembly 40b. Energy absorbing system 20c may
include sled assembly 40c. First end 41 of each sled
assembly 40, 40b and 40c may correspond generally with
first end 21 of associated energy absorbing systems 20,
20a and 20b and 20c. Materials used to form sled
assemblies 40, 40b and 40c are preferably selected to

allow sled assemblies 40, 40b and 40c to remain intact

after impact by a high speed vehicle.
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does not inpact the center of first end 41 or if a
vehicle inpacts end 41 at an angle other than paralle

woR0ds/0687 1 ongi t udi nal axi s of associ ated ener ggT/US2004/041321

absor bi ng system 20, 20a, 20b and 20c. Respective
panel s 160 may be attached to the sides of each sled
assembly 40, 40b and 40c extending fromrespective
first end 41. For purposes ofiedescribing vari ous
features of the present invention, panels 160 are

shown OIS Al BontiidRs-0fid ek asmasblendOm of
in FIGURE 5 . Panels 160 have been_ renoved fron1oq$
sildel abssmbd izssatbl y040@rch 4AGURES Fedhng Part Y

Roadsi de hazard 310, shown in.E 4 A
G8TEEoRES e%araﬂ%er4r}’éxtté3ﬁdibr#galg§§n%glt rcla&ga%e or Ea%lin%dee
8f , an=9aghen y: IREH ceX e 28l tets ewja theRo aats | Hepdeizbrg

31 : :
NI Sbot WS TENG. OddSr REHIG T AP Oy and
.l%?r%tlpl%gﬁa@%.mof Nl At 101 1Ry L RPRAURE Y20, 20a, 20b or

i NSt a on associ ated with a wrK area. Roadsi de
hazgr i3k irmyersomst ifresn béed expll bihasvehiel qggpy be

barrier or 'fixed"_ .obstacl ven t
E§QQ%§%¥§%Q1éﬁqﬁnf%ﬁéié%rgéﬁ% f%é%ﬁ#§$6&§H%%§%§%§ %k
disspRsed dd A dDadREEY, fAmM401meot 0204 e Hiee ndireensions
removed. An eneygyabsorbiq&bsysten1incorpor tin

teeak oSl piratierprafs @nd ihlv aray h-$Q ?l%ts?f?r?‘fgﬂ 3

Y e\égrj%;glthﬁg} Ye SONCFEL 6 QAL T he r SY¥eRPSHr Bi P8hicle

. § Imcor porat’ing ‘teachings o he present

iqveentrican impade thestedited: anlf aCenst tendatl o0s i§pes

Chonazar s faclng o1eorig L1eliyfe o BEPlEanoharan1cn
%%%@H%%E%m%gs t@ﬁbﬁgﬁgﬁaté@veﬁékgp abeorbing
ahovtrer 12 6 GURES 20b 2aramdzc%3:/ ﬁms/or i ng assenbly 86, as

Respective panels 160 may be attached to the sides
of each sled assembly 40, 40b and 40c extending from
respective first end 41. For purposes of describing
various features of the present invention, panels 160 are
shown broken away from the sides of sled assembly 40b in
FIQURE 5. Panels 160 have been removed from one side of
sled assembly 40c in FIGURES 10 and 11.

Roadeide hazard 310 shown in FIGURES 4A, 4C, and 5
may be a concrete barrier extending along the edge or
side of a roadway (not expressly shown). Roadside hazard
310 may also be a concrete barrier extending along the
median between two roadways. Roadside hazard 310 may be
a permanent installation or a temporary installation
associated with a work area. Roadside hazard 310 may
sometimes be described as a "fixed" barrier or "fixed"
obstacle even though concrete barriers and other

obstacles adjacent to a roadway or disposed in a roadway



10

15

20

25

30

sonetines be referred to as a "box beam " Energy
absor bi ng assenbly 86 nmay include a pair of supporting

woeame®Q7di sposed | ongitudinally parallel w tRCceasho4/041321

ot her and spaced from each other. Each supporting beam
90 may have a generally C shaped or U shaped cross
section. Supporting beans 90 may sonetines be

descri bed as channels . The @yshaped cross section of
each supporting beam 90 may be di sposed facing each

e jen I Hédnved OS mrs esiie
%%p gg%% gﬁ&%@?‘?ﬁ%@%ﬁ?ﬁ%“ggﬁgﬁ%ﬁg 86.V+he C—shapeaﬂﬁy

abessbdeet isymtein dacormoppdrition ¢ deesvhmmr el Hee present

defined in part by weh 92 and flan
é%W@ﬁ&PﬁE-FﬁbFﬁﬁ%ﬁﬁWu%@ffﬁfhﬁF¥§Vggﬁiéﬁggiigkéékﬁiﬁe
anBed i flmaraes, b athidey o Aldnec hi ronerprratoieg
energy absorbing el enments 100 with ener apsor bj g
assemings8eL Kde drEsfi i16Ran. O Ubor ‘?nbn%te%jng Ar
channel Q eser I s d 80 Feding oncomin
F%f?ﬁﬁ?§1y ejgsgﬁt%g§%¥§§$ﬁk§£meb Gfdth %f |
appifpiigmtely five inches and a flange hei ght of

approximately two inch . A wde variet f t ener
rrg)e b@ﬁ%‘&@retyse&ft rﬁk&,@ﬁ% easnvéaser?%%}b p%%?‘?lf%gﬁ eans >
%aé%‘i’rbbcl‘irésesilf}%@}ﬂ&a@irﬁf AOEH e o f nclpdepgysent

absorbi'ng el ement” 100 to satisfactorily attach energ¥
alsety i o mesiienl 00 i IGURERpbrY | ngERREHE 3BSOERFII

enbodi nents_shown .i n Fl % ﬁnd%g hastepers 103
ES. T, n c

&Se?eé?bggf)ﬁ%xtae%os}f%“f%ulg I%r%es[%JRec i Ve holes 108 |{rf1
NGk nals Wi 1gr et ea@nto 109 antbeesipesni Ve Hobegy9s
in flanges 94 and 96. Fastepers 103 na%.be gelecteg tg
Abawing aHFAEREMENE BV eHer b an’d P b hgOEI BHeRY 1057
(481 0 115190508 PoiptOfaxel of epuiiin enevend ehoanother
SSOCI ated energy absor bl ng system One requirenent
foid adpeedd nrenesagyh abisipebi ngEach supporting beam 90 may
have a generally C-shaped or U-shaped cross section.
Supporting beams 90 may sometimes be described as
channels.

The C-shaped cross section of each supporting beam
90 may be disposed facing each other to define a
generally rectangular cross section for each energy
absorbing assembly 86. The C-shaped cross gsection of
each supporting beam 90 may be defined in part by web 92
and flanges 94 and 96 extending therefrom. A plurality
of holes 98 may be formed in flanges 94 and 96 to attach
one or more energy absorbing elements 100 with energy
absorbing assembly 86. For one application, supporting
beams or channels 90 may have an overall length of
approximately eleven feet with a web width of
approximately five inches and a flange height of
approximately two inches. A wide variety of fasteners

may be inserted through holes 98 in supporting beams 90
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el enents 100 with supporting beams 90 includes
provi di ng appropriately sized shreddi ng zone 118 as

wehosesn7Fl GURE 3 bet ween supporting beans 90PCD/US2004/041321

accommpdat e the associated shredder 116. For sone
appl i cations, a conbination of [ong bolts and short
bolts may be satisfactorily used. For other
applications, the nechanical 1fgast eners nay be blind
threaded rivets and associated nuts. A wide variety of

bl ¢ Jinelsondidld hdnds otderedasdenet Sen@ygPeabsorbing

satisfactorily used with the present invention. )
Elamsnds 160 ducsHfstiamtaridne ava@thmreFIvnippekPing

ternati . .lnc.,  loc Thgyas, I rvine,
( ﬁ“fedjr%_rﬁ ;@2%%5%?13 omjgr?g ?%)%?q%s satisfactory for
i NSt alRdM @Endsdindriteg ghiowed si@relGURES avai 2 alheé 3y om
Huck I nternati onal and ot her vendars. For enbodLnEntﬁ
ctive holes

dirsirenar s QIRES off S 2B 1A 7 enfh | IR nEr By
I v '
g@sﬁ%g&oﬁe‘l nergsyéﬁ%ﬁ@yemm&{é achehh® FL3P866194 BBles

. . sor bi ng assenbly 86. For sone
amlircatliaongss anbotdret Ther e siberebs nh0 2| BaBnbe 1861 aa{ed

be attached to flanges 96 on_the 0S) i

Serth TS AP SeBTE g6 T ol rareSeSH g 1P emene 100
st d Pl & 1enes @h abs of hidigoe! et be Ot Andnspandr of an
(not expressly shown) may be attached to one or both

E?Qi@ﬁﬁﬁ%?ﬁwﬁﬂﬁ@&y Fo9WP BRI hBY25SBr openi ngs 110 nay
e for it udioak
I H%§%§ﬂ%%§%g§@g§é2%%¥a@$95§ @né??%b&ﬁgbﬂﬁhng

center 1% I ng el enent . Openi ngs
51 dvdiess 1060 et lal supper diasg rbéaus a80 pen¢brdepopsoviding

For some, applications, o [ hgs 110 have, a .

GEHRT BT {68 16 7 PO AT BUR L oFOUF (L& AP aRBOUP SF FIGURE
QPHBQgW§Eﬂf%ﬁb {6 hoe £RENO HYSo 1d8c8@onaeteEnbl y

spaced from each other with respective | ands or

segeert stdd 2shiispdsedl t fer eFpEt 90BA ABPSRERALIPRS, &

F%é%ﬁ?%%éiog ggdlgng ggftépgﬁ&ngh8§£mﬁgfts may be
satisfactorily used. For other applications, the
mechanical fasteners may be blind threaded rivets and
associated nuts. A wide variety of blind rivets, bolts
and other fasteners may be satisfactorily used with the
present invention. Examples of such fasteners are
available from Huck International, Inc., located at 6
Thomas, Irvine, California 92718-2585. Power tools
satisfactory for installing such blind rivets are also
available from Huck International and other vendors.
For embodiments shown in FIGURES 1, 2, and 3, only
one energy absorbing element 100 may be attached to
flanges 94 on one side of energy absorbing assembly 86.
For some applications, another energy absorbing element
100 may be attached to flanges 96 on the opposite side of
energy absorbing assembly 86. For other applications,

multiple energy absorbing elements 100 and spacers (not
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adj acent hol es 110, the dinmensions of holes 110 and
correspondi ng | ands or segnents 112 may be varied in

wacerodgnece W th teachi ngs of the present i nveRCTMS2008/041321

control the amount of force or energy required to nove
respective shredder 116 therethrough. Wthout the
presence of openings 110, the force required to nove
shredder 116 through energy absorbing el ement 100 may
vary dependi ng upon the specific type of failure

@@Q@@s&l? shB&n) akbyr §REhaRILEA ass eticatad et flanges
novi ng shredder 11671 ongitudinally through a solid

gﬁaaadnaﬁ.vary along the length of the solid plate.
e presence o0 peni ngs. 11
5P OFe%‘SgteEb ﬂligto;P e&%&'@‘d e

ini ( accuracy “of energy
aksenpti e gaseshnagden chth amivesyinbitaldigmitgr line of
t hr ough energy absorbing el ement_100. The

EORIIgYUIPRSCEH 148 edimei ri0 -of BRI QU 110 may

%?L%%E?;téez Cd;e%%x‘l@édo%ss RSt @l dnk vargsd damaccor dance

Mﬁth. hings of phe present invention to provide
degilies tdrergy oplesdmrgand Icharae tharstd Generakly circular

associ at ed .ener absoy.bi ng assenbl y. I :
SORTIYL o1 )éﬁh\?e i?adtéer%eerralcff;balpr%{ ar o%l?ﬂe inch.
%Jg%t RE angulale pYdfeibanyspided St addeh geonet rivith
configuration . For sonme applications, openiqgs ;%Ot
etween

e peginme S antE My SReferi skt FE RIS hi ot hT

di mrensi ons, _al | engt f, ea : '
FL R i oL 4 E e b e et
QR des Hd aand/iay, titee diivesrss Dmss ot rleshest1ve and

segnents 112 may b i ed j
OO RREEIN DTGP R rr SR B LT T vy Ehest

increasi ng gglce 2{%?%%% %ﬂ%ﬁ?ﬁéiﬁifgﬁmmw £e
alsorql orhalaomget mddfergprey opneFgdEnrequired to move
respective shredder 116 therethrough.

Without the presence of openings 110, the force
required to move shredder 116 through energy absorbing
element 100 may vary depending upon the specific type of
failure mechanism. The failure mechanism associated with
moving shredder 116 longitudinally through a solid plate
may vary along the length of the solid plate. The
presence of openings 110 and segments 112 results in
improved repeatability and accuracy of energy absorption
as shredder 116 moves longitudinally through energy
absorbing element 100.

The configuration and dimensions of openings 110 and
segments 112 may be substantially varied in accordance
with teachings of the present invention to provide
desired energy absorbing characteristics for an
associated energy absorbing assembly. For example,

openings 110 may have a generally circular, oval, slot,
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associ ated energy absorbing el enent 100. The | ast
portion of the associ ated energy absorbing el enent 100

woayspesner de reduced decel eration or reduced eRETEE2004/041321

absorption as the speed of an inpacting vehicle
decreases . Alternatively, openings 110 in energy
absorbing el ements 100 need not be discrete, but may
be interconnected by slots (not expressly shown) . As
shredder 116 noves through openings 116 and associ at ed

gle%‘téng%ﬁ%&gy_s%%%%@ ngelamit sliGamlld epshinatiwicled
y the slops i nterconnecti ng openings 110, resists the
povéngmragfioghr edder 116. Shredder 116 nmay bend or

ot herw se def orm . t-he sl.ots i g r b
100, r&oﬁ“eer?é)rpglqua:tléqtﬁqssdr b%tggé}gln Sd?l*s)%(? p%l&]eg? rﬁée@@é 1z
rugbenvel eitetehtaksarbiurg felrenehineerifilomn . dreg rthe

| ength and thickness may be varied d '
ﬂ@p@ﬁgg@famthﬁq%w S UL §§§$€$e¢(gyuppgrtg&er
9" '&Qo@fss,e'@lé’-d"n{&{&%{ &t hspdnirhes ofo ened h
%% oﬁblang el enent s, lincreasiéwng their thi ckneoss ang?%rt ©
dnereeasiony |ehgtdspadiive |spgnant s 6l thalg kaeygyied to

absor.bj ng. assenbl.y .t.o di_ssj . '
GRS Bt g ST o B § he s L ere A e o

hRglivde tihg @hili Yidgaotad Yart hes geotet¢d cenergy absorbing
configuration and nunber of openings 110 and segments

B carid 15 ff Elchowgsh i it e Atk idaqf%ejc%r?fo}‘ﬁ’il efer gy
gg%orreg{ nigl(%ell%[)g;gg}ﬁ é&&%ﬁ&%}?'é‘ﬂoﬁ@% higai ot g8dedon of an

ica e resulting energy absorbing
assRItil at e Enaiayyya bsosdainign e | €heme st 1000 andTlae héast

conmponent f bi ' i
SR b1 TSR T PO ey B gar Ve ObaT o0
?%le B ddatediheyd et & netdrel én desi redutedsehergy

ngth and are not affected by environnmental
cdretitp o vig chherespesdisef ragt impacting vehicle

decreases.

Alternatively, openings 110 in energy absorbing
elements 100 need not be discrete, but may be
interconnected by slots (not expressly shown) . As
shredder 116 moves through openings 116 and associated‘
slots, energy absorbing element 100, already divided by
the slots interconnecting openings 110, resists the
movement of shredder 116. Shredder 116 may bend or
otherwise deform the slots in energy absorbing element
100, wherein energy is absorbed and dissipated.

The number of energy absorbing elements 100 and
their length and thickness may be varied depending upon
the intended application for the resulting energy
absorbing assembly. Increasing the number of energy
absorbing elements, increasing their thickness and/or
increasing length will allow the resulting energy

absorbing assembly to dissipate an increased amount of
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corrosion during the life of the associated energy
absor bi ng system For sone enbodi nents such as shown

wWOnRoMBIGRRRE 1-3, 5 and 6, each shredder 116 mayPO®/US2004/041321

di sposed adj acent to one end of energy absorbing
assenbly 86. As discussed later in nore detail, a pair
of shredders 116 may be attached to sled assenbly 40b
in accordance with teachings2af the present invention,
For some applications shredders 116 may be di sposed

agReiald Yragr gfont@né@ﬂ@ igfe die %il%be’:l’ﬂsei’l’wefméﬂ@l and
an associ atedroadway (not expressly shown) . Each

emerlgylealsder mmg:e:lyerthamo el SRR B @ CYPbtIupRtion

S ener Ly, Ve C | t
Fé’é{)éjé“lrr?)\%p ﬁ lalnod %rgwde as%ng%tg% eiéfzr oﬂ“%@el ect
E@@x@pfqraﬁeom@mmwm St erstyys hrlestohdping 6e hement s

f bl g
Eﬁfbgég’ y conpatlble %&#éh8| %%éﬁfgrqu |nf%%etﬁg
HPAE!

fq%ﬂeébéélﬁo o sdusaddiyg zonerdi8absomeiin
Between SOCI ed supporting beans 90. Theé%:lnen3|onsg

zﬂkemﬁﬂuﬂnkﬂbtandﬂ¢th$BF¢QmEhﬂeﬂH$ % ap|grergy absorbing

udlnal betmeen fI es 94
S oot b B 0LrB0) 9Pk son

fidySthee 1&%{@&@&5%&@&@!%ttlmeegzemeainmeheir
energy absorbing el enment 100 with a wid

f
apmrioadeiestsl kar serenatt etad Araneh i gﬂgt%d| B¥gt h
Ao PR OULIBLE | doRA XL Beliain: dhandy asRhee Shephbeddor

an the dianeter of openings 110.
'%bﬁﬁggfﬁ?r&%;%ﬁgﬁybebblfaeoﬁasbeh@ﬂé@@lat¢ﬁee§?§ﬁ¥ter
of shredder 116 may be the sane or even |arger than
taks U RE 7Y BFSBpeni ngs 110. For some appl i cations

shreddgs %Mn@@dﬁm@ﬂté bayhngs asHbamet ar FOBURE 1-3, 5
approximately one -half of one inch and a I ength of

aqgm oxj nedah yshnefideri hthesay Specii FROaEFeAL] eﬁenaf to one
° rgddfre&égégna gg% C58t§9s8H6i9y86 As discussed later

in more detail, a pair of shredders 116 may be attached
to sled assembly 40b in accordance with teachings of the
present invention. For some applications shredders 116
may be disposed generally horizontal relative to sled
assembly 40b and an associated roadway (not expressly
shown). Each energy absorbing element 100 and associated
slot 102 may be disposed generally vertical relative to
respective shredder 116 and the associated roadway.

The dimensions associated with each shredder 116 are
preferably compatible with slot 102 formed in the end of
each energy absorbing element 100 adjacent to respective
shredder 116 and shredding zone 118 formed between
associated supporting beams 90. The dimensions are
selected to allow shredder 116 to slide longitudinally
between flanges 94 and 96 of adjacent supporting beams

90. For one application, slot 102 at first end 101 may
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absorbing el ements 100 may be varied depending upon
t he anount of kinetic energy which wll be dissipated

woORoEsnesyy absorbi ng assenbly 86. Mterial used8Crawstmanyiz2i

each shredder 116 will depend upon the material used
to formassoci ated energy absorbing el ements 100. For
sone applications, shredder 116 nay have a m ni num
Rockwel | hardness of C39. Sheedders having various
configurations such as cylindrical bars with generally

SLT GHLAEACLOSRLSeEll QR:LRE1RRES off Ehegeferaldorisiquar e
or rectangul ar “cross-sections (not expressl shovvn&
ErﬂyémaigSol@ waths baetictil yofuﬁ@@rﬂ&lﬁ\a&ﬁléfnéﬁ‘g‘aﬁ quarters
absor bi,ng, asseml y i ncor [ : ' Qf 4
B?e?@n_tmlgﬁ\/@ i 6n. F %%s%%re%ggglgﬁ%lg?ﬁ%r}s@? SSel(r%zerlgri}:%es'
absor bhag jassefblry o6 sheddenmilnl & eleat inee|gmast ey dizay the
or fixed while an assaoci ated_shredde 1]1:6 nmves

Cgﬁ]d) a LW

Congetedi REl PPeRisigh penas TFS il Séunins Ja20
.9 absarh. ener gy AR ddP idiramix|eLe hedy Gdethe

appli cations (not expressly shown) , shredder 116 ma
ol gb_xfe}v@h’]l aﬁlbrlygdm dthrwhitiee cHrpmasaciaft pemergy 110-
absor bi ng asse . 86 includin ' iy ;
FFmeRrs PP qnogngﬁqﬁ?cﬁ?dneaﬁg Il;./l%\?vi %?2%%@% for naving @
ﬁlﬁ%@%& LE6 i rafisiondt eanerane i« & iopacingly and a
vehi cl e. Energy absor bi ng‘__I el enent 100 may_provide
d@ﬁ@tlér &t @pr?zqw:arg:t@hst Wl o 4 THTRRP f orsﬁg‘ia‘“ejc’% tfc
vehi cl e wej S . Lxanmpd |

e&ﬁj‘r‘?ﬁse%y tﬁw}g}%ld?és)]?e%zsw{ﬁt of tr%/eeclgu%ﬂfl@g ¥edder
L i iaug e lassani At eah eneyr dye abmordd rdepeRéingyugen the

two stages of stopping force ar d | i on.
AFTBPT i IR L VRIHTETR %ﬁi“ﬁ pre? g@#%%%ﬁe%ﬁy

Tk R oY 1 3eq ener gy absorbi ng. -
assenMat B8l alayugprdvieeform each shregder 116 wgll depend
upon the material used to form associated energy
absorbing elements 100. For some applications, shredder
116 may have a minimum Rockwell hardness of C39.
Shredders having various configurations such as
cylindrical bars with generally circular cross-sections
or bars with generally square oOr rectangular
cross-sections (not expressly shown) may also be
satisfactorily used with an energy absorbing assembly
incorporating teachings of the present invention.

For some applications, energy absorbing assembly 86
may remain relatively stationary or fixed while an
associated shredder 116 moves longitudinally through
openings 110 and segments 112 to absorb energy from an
impacting vehicle. For other applications (not expressly
shown), shredder 116 may remain relatively fixed while an
associated energy absorbing assembly 86 including

openings 110 and segments 112 moves longitudinally with
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stopping force appropriate for |arger vehicles
wei ghi ng approxi mately 2,000 kil ograns. Variations in

woOheosioegatr i on, size, configuration and nunber etTAIS200g941321

absorbing el enents 100 al |l ows energy absorbi ng
assembly 86 to provide safe deceleration of vehicles
wei ghi ng between 820 kil ograns and 2, 000 kil ograns.

FI GURE 4A shows energy absorling system20 in its
first position, extending longitudinally fromroadside

?%é?e%@lc% sshadiassan e 4Qbsdinladiyrgy spasedant
irst end 21 of energy absorbing system 20, may

igg@ﬂhﬁﬁflﬂ?hﬁfkﬂJed to as an "inpact sled." Slots
_ e _us tq recejv [ s 116
durin erFsgtyaIaI% ?rg)nlngdélaﬁg?%rﬁérrepﬁﬁ 0 %ﬁ%%gg%géenbl y 40
\idde 1enertgiora e atge el s st dlordd r&or espleif of
ener gy absorhbi ng system 20 includi%%%%é st end., 41 of

Hees ot GND FIEIRHAT f I o T tFaf e,

Sedyd
%Z%%‘b@?ﬁ&dc@l? Qfpenerav ahsprfidg sy stemed dBysheedder
securely attached to the end of roadside hazard 310

flad nouoncyini agpdc e . elRrEgyya deP bid g2 858 ehY 286) stWO

typically instalJed in its firs ! ' L.k
IPP | Un gt TURR AT | 5P 5 Pacd IStePeiubid P gbLlate for
shaydh i i @ R Ay Apd bl hdtye D panekisogpans fegnbs
60a- 60Ce nmay be spaced | ongitudinally from each_other
a%bwgizd@%bl yIRg SpRysRtn ed wedv e r 3t SRHe94Bnd 1 S e ARAUSD
en .. Pane o] = '
B e S I L S S e
Zsm%n?rmﬁe n?gpb@pwmtedfdzepbmgﬁg vpbhclhe weighing
esired | en of an associ ated eper absorbjn
FRRE IR 1B 2 PAncFLI9eE Ry be"AtThcRRd ¢8 SPed
SEI0] ¥n 405 a0d PaBeE 1 SEPREL6nf sAREELGEDEr 60€. eRarelys
160 may sonetines be referred to as "fenders" or

"dlenuieni panel smenCnel @R anpl ewef cacparerPSApPAPE APERELLY
S§%'§£§§%S&¥d£°éa gedgééfegggigﬁ SESGEHEBQes weighing
between 820 kilograms and 2,000 kilograms.

FIGURE 4A shows energy absorbing system 20 in its
first position, extending longitudinally from roadside
hazard 310. Sled assembly 40, slidably disposed at first
end 21 of energy absorbing system 20, may sométimes be
referred to as an "impact sled." Slots 102 may be used
to receive respective shredders 116 during installation
and alignment of sled assembly 40 with energy absorbing
elements 100. First end 21 of energy absorbing system 20
including first end 41 of sled assembly 40 preferably
face oncoming traffic. Second end 22 of energy absorbing
system 20 may be securely attached to the end of roadside
hazard 310 facing oncoming traffic. Energy absorbing
system 20 is typically installed in its first position
with first end 21 longitudinally spaced from second end

22 as shown in FIGURE 4A.



systens 20 20a, 20b and 20c is shown in FI GURE 16.

When a vehicle inmpacts with first end 21 of energy
wahewroesng system 20, sled assenbly 40 wil |l nDPET/US2004/041321

generally longitudinally toward roadsi de hazard 310.

Ener gy absorbi ng assenblies 86 (not expressly shown in

FI GQURES 4A and 4B) will absorb energy fromthe

i mpacti ng vehicle during thi 24novenent. Mvenent of

panel support frames 60a-60e and associ ated panels 160

rel at hve11.9-:8a¢K Yhan@y sigppbsardnane @y-d0omay be
vehicle inpacting first end 21. FIGURE 4B is a

soherd: londriawdigadidanifmem 9acah ahhsy G| Tl bl y

0 and panel.__su . Oa- '
SERRBE L i e O AEa0d 10t o
epportFtdiers lamgidoedinegt sumemiems dfe steberassentdyas

o i e M AL LSS £ B D0 e
ARIOH B938! ABRD A hh thd | BRELD T8YgH6 of an

efred to as the "second” position. During nost
wehicdiated ldreimns abadremt By sfeeneryl bibrbe ppagels 160

system 20, sled assenmbly 40 wl{ e I e

FEt ﬁ’@n Frathed ie}%? ee%eéfsilxsleeemr#]t}fwg‘?@i °IF S %%lglg%/i %ﬁﬁ%%‘r@
o d 5 -QIRE 4ol 4 hes G aeondsqrost thes las sabenred to
FI GURE 4B. Panel support franes 60a-60e, assgcia

d
pan &l feriBorshdp ot Heandghpaat $- 'of EHer gF2aBsor 8 ﬁa panel
system.? e ' t edi :
LM S SULNE Jovs sntegt cheorbins
WM barka o @b aamdassoTi &t eshowadwayr IREBEeeb ve

panel s 160 nay be attached to sl.ed_assenbl d
pref e XYL LY eRATHT 7o o?lJF%Ep%I&%{i ég %gngflgrgy

1680 atd ached, Lo-pefe] supoidsddiaTe £0awild move generally
correspondi g nmanner, panels 160 attached to Eanel

Supppirtud ieadel Boeopred eredlyl dxtengatdep 18- Energy

cgrgg% fﬁg“ééké%%iigg Qé e@@@léxﬁggs§i§agﬂsgnt9n FIGURES
47 and 4B) will absorb energy from the impacting vehicle
during this movement. Movement of panel support frames
60a-60e and associated panels 160 relative to each other
may also absorb energy from a vehicle impacting first end
21.

FIGURE 4B is a schematic drawing showing a plan view
of sled assembly 40 and panel support frames 60a-60e and
their associated panels 160 collapsed adjacent to each
other. Further longitudinal movement of sled assembly 40
toward roadside hazard 310 is prevented by panel support
frames 60a-60e. The position of energy absorbing system
20 as shown in FIGURE 4B may be referred to és the
"gecond" position. During most vehicle collisions with
end 21 of energy absorbing system 20, sled assembly 40

will generally move only a portion of the distance
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panel support frame 60b. Various conponents of energy
absor bi ng system 20 provide substantial |atera

weuppmes72t 0 panel support frames 60a- 60e and pROENUS2004/041321

160. First end 161 of each panel 160 nmay be securely
attached to sled assenbly 40 or respective pane
support franes 60a-60d as appropriate. Each panel 160
may al so be slidably attachedsto one or nore

downst ream panel support franmes 60a-60e. Up stream

ggﬁ%énlfégemﬁ&ls%p tp@)%‘ﬁ@:i%tnr eampaRel Snl6ddurmldovwnd the

escoping or nesting of respective panels 160 as

panehds pppart ofr ameshedar 60e FIIGURE t4dvar d each ot her.

Subsets of panel support frames .60a- ;
nay b@aﬁﬁéuﬁé‘@ploﬁje &% 6?)&—%05 ’gr?e- aca;/lrggjjcrég% 0%2360160

LW BaYed' Qo IqoseRrefy iddamtriatg oy stset
end 162 of each upstream panel 160 is shqwn jn FIGURES
4popedalB pridihe @AY %F@J%é%oaﬁ%qdéired?tstvaegfb]ecjr%? eraf 1579

at. .the overl i ]
3hsHs averl 38 Wi dhenaspaniel el dlosid capanelo an
BcRioriia® cany dadivenal Regpesttiore grarssicondd @ iRy 69

whi ch_m ght sna higl.e duri
LN, 128, L LR S st e e <
ga'fogé@%n“%f SR RENEIRS [ Sarti B T Shovddiged b apanéw

ener gy absorbing system20a in its first position
esctpgatitn ¢ deoweg | @l nakh B G LRARI R HipRper g1panels 160

Ener or bin yste [ ' n
g b e
adeac he ddrar-d iastsd teg heauet Toi8 10F  fmee by h@@oabtﬁgf\ied to
system 20a al so_i ncl udes sl ed assenb“x 40 an

Qeppor tsunRaits BOAS0 and YREHE i 7R %%ﬂ%?gs 1§E energy

Ranel .+ &0 919 SLopgabaollnstesiel eacEgyl support
Mg sy’s

apbsor tenms 20 'and 20a nmay have substantially
tthe marel candpau af Tanes Hodevede am@ PaAglA 6fOpanel s

160 First end 161 of each panel 160 may be securely
attached to sled assembly 40 or respective panel support
frames 60a-60d as appropriate. Each panel 160 may also
be glidably attached to one or more downstream panel
support frames 60a-60e. Up stream panels 160 overlap
down stream panels 160 to allow telescoping or nesting of
respective panels 160 as panel support frames 60a-60e
slide toward each other. Subsets of panel support frames
60a-60e and panels 160 may be grouped together to form a
one-bay group or a two-bay group.

For purposes of illustration, gecond end 162 of each
upstream panel 160 is shown in FIGURES 4A and 4B
projecting a substantial distance laterally at the
overlap with the associated downstream panel 160. Panels
160 may nest closely with each other to minimize any

lateral projection at second end 162 which might snag a
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may vary dependi ng on whet her the respective panel is
a "one-bay panel" or a "two-bay panel." For purposes

woho@esanat i on, a "bay" is defined as the di sPanas2004/041321

bet ween two adj acent panels support frames 60. The

l ength of panels 160 designated as "two-bay panels" is
sel ected to span the distance between threepane
support frames when energy absgorbing systens 20 and
20a are in their first position. For exanple, first

end; 161 al anEng- hay el liShpicef erialyl yeiseroar £
aggécged tg S_streameg%%elansgg%polﬁp%framsl 60? Seco;ﬁdJyde °
endri§2 abbotrhé npweyis&gmpa®el 160 is preferably

slidably attgched to _d . .
cor Rnke B 570 SSaSEUR AR, R ¢ e vicn
eeuRhed Y b sbndribay sRaReine 21060 imtisrsmedimtte dosstiend

161 and Second end 162. Wien sl ed assemply 40, hifs
pmeltndg@gpéppgrlrta@ér@d&mram ﬁfégﬂdra%%qeﬁrf?}?yzcao%‘% ac{ :

anel support . , .

BSte %ﬁg%fblggggggggggggﬁiﬁ&ﬁ?‘1 udd GEirdtheepanei

anmes | al attached panels 160 are
Feeaher aredrtioward afifidsiadel ot 310! 2hesedeFeta of

panel support frane Oa- 60 attach :
@Gﬁ@ﬁh&ﬂo@ tr&adieseéqseeﬁ"éﬁad?&ggdoa'n iEﬁI‘%eaIe %ﬁe\;&éﬁ?%ﬁq@ system
{2{9 eat he ARG 1901 d ams &b, oNe; hsynelr ospppsrhi frames

one-bay group will be coupled to its own
Fos0d e edhdarmsipedsorampnekerebre, will have

B s i

| mpact ay group 1s preferab

dirsRassihs ewsdameam d ram each mme- lreye geooptanheal Syeghe

assenbly 40, or one or_nore an%g spppor frames bgi ng

flfsmd:tmflgwta?ﬁ“enm%owe ont %tﬁ ‘F%‘éhf?fsl?a%%na 0
r . 3 two-

frr}agpngraé&), rgijl,rﬂge I0- PRV G PUPH & erSspe@alel PHRPOrtis a

rtra may be the same or slightly
mosres then gaechuser of ‘tteotlorgepapehel s HD)PrRROses of

'é§§f$§%é§oéﬁ %?eW5§$y géoggfined as the distance between
two adjacent panels support frames 60.

The length of panels 160 designated as "two-bay
panels" is selected to span the distance between three-
panel support frames when energy absorbing systems 20 and
20a are in their first position. For example, first end
161 of a two-bay panel 160 is preferably securely
attached to upstream panel support frame 60a. Second end
162 of the two-bay panel 160 is preferably slidably
attached to downstream panel support frame 60c. Another
panel support frame 60b is slidably coupled with two-bay
panels 160 intermediate first end 161 and second end 162.

When sled assembly 40 hits panel support frame 60a
which may in turn contact panel support frame 60b and
then 60c, etc., the panel support frames 60a-609 and

attached panels 160 are accelerated toward roadside

hazard 310. The inertia of panel support frames 60a-60g
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However, when the second panel support frane of the
twobay group (e.g., panel support frame 60e) is

woanisacsed, the second panel support frame 60 Ray/UsSa008/041321

a |ower inertia because it is only slidably coupled to
the associ ated panels 160. Therefore, deceleration is
somewhat reduced. Energy absorbing system 20a has the
foll owi ng groups of bays: 2-2%1-2-2, where "2" means
two bays and "1" neans one bay. Beginning at sled

QﬁéeHkagﬁ% a%%n%ﬁ%iﬁ%OtQW%%Qiﬁ%%$ﬂ e rzaid@3lon of an

ener gy "absorbing system 20a has a two-bay group
(opuoting skebdcdssenbly 40 as a bay in and of itself)

, anot her _two-ba roup, .a one-b I
a tmolﬁa§h§r§ﬁﬁe n%“&ﬁ&? e %%%i%é§%%?%%%l£8éﬁ%rg} s
AREOr Bhag oSAStRR 2eRuRS WEhaWbd rdUrAdRES & aral Bvmay
include sl ed assenbly 40b and multiple ener
absorbargapsabis d$086nsl i &ﬁ)@df%ﬁ?rfeesd@gt%i \%a‘feows 188
20418984 endhng snaral Dyrd egiddiliald teddwmhasarah

and “géener y paraalel W th each ot her.
Shipdasserbheniet ayay Hawe eynudicure d & e frratel wriagposed

conpared with sled assenbly 40. For s ' '
gorgstrgars SR S7F 2GS alHE e aﬂﬂgi 2 %ﬁ?%éé%ﬁbly

E%e,r O 2BSOTY Rghas SRRl efuifortSeRrdid3 RS 2 andsBed by
nergy absorbing assenblies 86 may be secured to eac

eflleer ampemiplurd i toprfactroddierizgest @ﬁn@oo%‘&%?JFBnPrame

bet ween cross braces and,_gner '
ﬁgé. WQQ?%%S%%%%ﬁtggéh'egérgy %%ggrgingtgig?e%$%%b the
h.@l‘érlr’ttg.aﬁ e} add vug{e/ ddngi tbof reneytst Iwotere. ter fbecause of
result, energy absorbing system 20b y be better
t;il?s @@gﬁgg:@qﬁ ARR F e Hot DrO Ghi O PR 5P8E.

et S Sc??é'bé A0b sidders@bpset framtbe the two-
céjr‘}'vieere of encﬁlz or ét/cflat sﬁi kesSLgé}% 21 at an angl ee e
wihelgidian eppy oxipmtel ysupport frame 60e) is contacted,

the second panel support frame 60 may have a lower
inertia because it is only slidably coupled to the
associated panels 160. Therefore, deceleration is
somewhat reduced.

Energy absorbing system 20a has the following groups
of bays: 2-2-1-2-2, where "2" means two bays and "1"
means one bay. Beginning at sled assembly 40 and moving
toward roadside hazard 310, energy absorbing system 20a
has a two-bay group (counting sled assembly 40 as a bay
in and of itself), another two-bay group, a one-bay
group, followed by a two-bay group and another two-bay
group.

Energy absorbing system 20b as shown in FIGURES 5
and 6 may include sled assembly 40b and multiple energy
absorbing assemblies 86 aligned in respective rows 188
and 189 extending generally longitudinally from hazard
310 and generally parallel with each other. Sled
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gréfg sadhssrdé 6fC%

parallel with energy absorbing assenblies 86. A's
shown in FIGQJRE 5, nose cover 83 may be attached to

wehed/asrenbl y 40b proximate first end 21 of eRETEB2004/041321

absor bi ng system 20b. Nose cover 83 may be a generally
rectangul ar sheet of flexible plastic type material
Opposite edges of nose cover 83 may be attached to
correspondi ng opposite sidesgzef sled assenbly 40b at
end 41. Nose cover 83 may include a plurality of

cheyron, debingalons, B4 nhiah saLe Visithlenteioncors ng

c*approachi ng roadsi de hazard 310. Variqus types
abmpaﬁedCQWEhssleéfbe@EmeYaﬁ@LorFW@rﬁQﬂ?:ﬁRﬁ%QQﬁﬁﬁons

al so be nmopunted on _sl assenbl i 4Q, :
bR RS Edes bs' S gE Hekoy

%ggoﬁﬂgnéoﬁssé%liéﬁe ganp| iseat FOGYRESACh areiv 3188 and

may contain two or nore energy absorhin

iggenﬁh&g&%@b&?m@ﬁ@g AFSEMBiLA G Sa e MY 2&3 gf"becf‘ﬁ“fdov&"
may. be aced. -l I, fr bi

§§§Qn8?ép§§ %8/ %n%rlélw ?‘églyl éﬁefg?sggg%ﬁsﬁ'sleﬂgl i es

86 opRY-abe one Betalaemidrastze briawesoidr el fIRIE | JFFoBing

in front of roadside hazard310. Each row 188 and, 188,
OB SEROR G Salf$o 15 ta%,%qeéfg%é"%yr%lgl\é respectve

félir?&i%?e nd 187 (whjsih, Gorgies range ganaladdse wi ths farsesult,

of energy absorbi ng system 20b. First end 4

]:&:n;eg{g@:ﬁgjdfg%om syt el SOy R el aeht ‘_‘t%ngEely
st st ST S MR £ritte (2l sl

e provided at end 2

Qfs LRBITY 4085 Aikimgr syiiern Aot ccipr evemtes naf|end 21 or
vehicles or vehicles with | ow

_ _ round cl
dihedc teityr ikfracichg? ¥ 3 RSB P T o ag‘%gég%%é’qﬁﬁ.tely
%‘f@a'fl fe 1 3RS, 34, ﬁmﬂﬁil%ﬁm@é g6rst end

of “energy absor
provi ged stoveein FEGURE & ornassthi @deehi 8h Paw §roahiached
cl earance ma

g system20c. If ranps 32 are not

to sled assg%bly 40b proximate first end 21 of energy
absorbing system 20b. Nose cover 83 may be a generally
rectangular sheet of flexible plastic type material.
Opposite edges of nose cover 83 may be attached to
corresponding opposite sides of sled assembly 40b at end
41. Nose cover 83 may include a plurality of chevron
delineators 84 which are visible to oncoming traffic
approaching roadside hazard 310. Various types of nose
covers, reflectors and/or warning signs may also be
mounted on sled assemblies 40, 40b and 40c and along each
side of energy absorbing systems 20, 20a, 20b and 20c.
For some applications, each row 188 and 189 may
contain two or more energy absorbing assemblies 86.
Energy absorbing assemblies 86 in row 188 may be spaced
laterally from energy absorbing assemblies 86 in row 189.
Energy absorbing assemblies 86 may be securely attached

to concrete foundation 308 in front of roadside hazard
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contact either or both first ends 187 and experience
severe decel eration with substantial damage to the

woebisplgr2and/ or injury to occupants in the vehPCirais2004/041321

Various types of ranps and other structures may be

provided to ensure that a vehicle inpacting end 21 of
ener gy absorbing system 20b will properly engage sled
assenbly 40b and not directl gocontact first ends 187
of rows 188 and 189. Each ranp 32 may include | eg 34

%%bh t gpenedogUnkacand 18% ik riie@fgorBing assemblies
nnectors (not expressly shown) may be used to
secungl hawrgagepeath vieafi 132 winch Li8ds pediiGhy S B pPrnds

absor bi as l. 6. Fpr,.sa I.Caf :

ﬁﬁ?eﬁﬁéi%awﬁégg%tlyrgg aeﬁléi? i ﬁarffﬁql%@gi%gng onlerlfigsl}?&em

ggghegFiggﬁe@F@omgggﬁn&sﬁassmuﬁamhiy\Mahwngner@gso be
)sor bi ng system such as epner sorb

ddsoobrdead86 sRE §A de- T DO 08 ok hated a8

%%Q%&aél apg&ﬂﬁ§ggqu dteight. Limting the height of
anps and energy absorbing assenblies 86 w |l

al | owsugh icorfonents t32 peess amduowa daschial endpakt Phg

with end_ 41 of, sled 40._ T .
PP 19N @RS gt S&Sﬁ%ﬁ%@%‘% é?@eqf%t??se@%i%ﬁ‘ggﬁlgﬁes oF

Qgrihalds WGheS.owl 2pRat irdacasc 86 may dierécthed by

quttlng a structura steel angle (not expressl h
Hangiaregy imgri friats tdignshes | hs F aeel i i AL 30§l9t¥r ;er?d“fgr

35050 Y Y A AN IO, S orentt 0 of cneroy
%i@ﬁrrﬁjsiﬁx@?ﬁ aa;irn%t et mﬁ heengzd 132 e teot esperided, a
9554 4109 vel g Loty suer andl o AeChall gl ey
zggﬁgﬁa%ééﬂa?%ﬁQ%gg%ﬁ@@rﬁiﬁgtS&ﬁ&@”iéwfaﬁ@ éRperience
' ings of the present invention may

hewramtdstaeation with substantial damage to the
vehicle and/or injury to occupants in the vehicle.
Various types of ramps and other structures may be
provided to ensure that a vehicle impacting end 21 of
energy absorbing system 20b will properly engage sled
assembly 40b and not directly contact first ends 187 of
rows 188 and 189.

Each ramp 32 may include leg 34 with tapered surface
36 extending therefrom. Connectors (not expressly shown)
may be used to securely engage each ramp 32 with
respective energy absorbing assembly 86. For some
applications, leg 34 may have a height of approximately
six and one-half inches. Other components asgociated
with energy absorbing system 20Db such as energy absorbing
assemblies 86 and guide rails 208 and 209 may have a
generally corresponding height. Limiting the height of

ramps 32 and energy absorbing assemblies 86 will allow
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attached to either a concrete or asphalt foundation
(not expressly shown) . For enbodi nents such as shown

wOnRodBIGRIRES 5 and 8, concrete foundation 308 nmeygTANR@AL41321

both longitudinally and laterally fromroadsi de hazard
310. A s shown in FIGURES 5 and 6, energy absorbing
assenblies 86 are preferably disposed on and securely
attached to a plurality of cossties 24 . Each
crosstie 24 may be secured to concrete foundation 308
gﬁbﬁgcéﬁﬁeﬁ%wetanﬁa% babks 36veWacileud nppoesingf with
nechani cal fasteners and anchors in addition to anchor
éodt 4126 majeBeasaembiscérily used to secure
crossties 24 wt cret 0 ti0 : nunber
of cr%@g?FS EHEEFﬁégnéﬁbgﬁgo %g%cﬁopg%%gghzafth each
§%§§ékma&é1ybeh\1atbeﬁ asdd esier-&eh 1ffori nediets .endiapered
absorbi ng system Crossties 24 may, be forned ﬁié%T steel
surfiaEafaP syl bst FPFECRatin ¢k AR fal® St o

ipehe ; t I siofirene dialdndirmbs of
%ﬂéﬁgeéggﬁ %fgg%gﬁlg?%?gﬁké %2%E§§§be approximately
t nesky 1 hoheisn blye s heee 6 niebless byapnise Hedifnddighh adic into
crosstie 24 to accommpdat e -anchaqr . ri a
§§HF&PQSC&1F%SP RxWFFHaeFng¥%§?1egﬁ#izﬁégﬁ?ggbégg%ing
S¥SE &m0 o FCIs@s8idteTad4 st 1plaarAd: inmyt dresiairtadimed to
materials used to formcrossties 24 and their
asspeicatiog degs g ASiHY aweétdslé}%&eé‘gﬂtﬂdl‘h?ﬁ Fpd/or
crossti.es .24 t formi tenghoON-dfOred to
Q&Eﬁa lggli#f§§F%E§%é tgﬁh so?%pgﬁgfgyu%$0n1the
bRpackidngheekd.cl e. For sone installations, anchor

bolts 26 may vary in_length from r oxi jmat :

i nchedy ﬁraey%’ I JT?éig SXPEEY hfoglgr%e | In{cgﬁe%%cl%&%(ﬁge with
[ RS 5 t Si5¢ ymSinowed

E%gf%gﬁgﬁgﬁﬁ!gﬁﬁggphaf?hgf§§§ﬁ2$g?gﬁ?§ﬁnda¥?on to e

peteicked dspecitiher anciwicRiie LRESHAE bUSCTRRELgR (ROt

%ﬂ%?géﬁiy shown). For embodiments such as shown in

FIGURES 5 and 8, concrete foundation 308 may extend both
longitudinally and laterally from roadside hazard 310.
As shown in FIGURES 5 and 6, energy absorbing assemblies
86 are preferably disposed on and securely attached to a
plurality of crossties 24. Each crosstie 24 may be
secured to concrete foundation 308 using respective
anchor bolts 26. Various types of mechanical fasteners
and anchors in addition to anchor bolts 26 may be
satisfactorily used to secure crossties 24 with concrete
foundation 308. The number of crossties and the number
of anchors used with each crosstie may be varied as
desired for each energy absorbing system.

Crossties 24 may be formed from structural steel
strips having a nominal width of three inches and a
nominal thickness of one half inch. The length of each

crosstie 24 may be approximately twenty-two inches.
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materials may al so be placed within the holes to
secure anchor bolts 26 in place. Preferably anchor

woabaspe@87do not extend substantially above thecrass00a041321

associ ated nuts 27. Concrete and asphalt anchors and
ot her fasteners satisfactory for use in installing an
ener gy absorbing systemincorporating teachings of the
present invention are availaBlle fromH Iti, Inc., at
P. 0. Box 21148, Tul sa, Oklahoma 74121. For purposes of

dRSEE REAQseRgdivER Fosnalown ieadh QURES G et &o
supporting beans 90 i nmedi ately adj acent to, crosstjes .
24canmaodesieg a9l thh & or-e s PRGN asd{?ﬁ@rq]i%gccﬂje]aﬁﬁlon

90, di sposed. i di I r FAasigNAd 208t |
§ﬂrﬁg‘ofatli%§1§rbggl]r§e E??a%él}né Ot?%%rr%ﬁm;rﬁ%%subst ant i al I%/ res
bdentrieC @l adigterisi aremsairt .corfhieg et wisl § noedi g form
respective web 92 with flanges or.flanges 94 a

exOeRilRG PHerdtt &h?lﬁolﬁssa%dsaﬁﬁdesc%&y%%/r%tel 3 (BFec

12 19ek 92 1of SURRPIdING e OO0 erpmsi eih rodeponse to
respective flanges 94 and 96. A s a result, the

generial @shapeth oricks ismadteh atd & RRIpHrereEsy from
beam 90a ext ends a\/\q]yefrom respective crossties 24.
the ARGt 819 fBESti%s 24 attached to each supporting

beam 303 el N4 Bt wiependiaigrhmporod hes | 76 enalgdvase in

of the resulting en.erqu/ absorbing, s stem‘]%for ener gy

dlesaitti iy sy araneobnateky SIS tiHBeaht bokCar e

spaced .l at.e Y2 er,gnd attaehggmeéo four
éjgsotxllenga%i%} C%lré/%iﬁ%%%{bﬁélwdl(lngn?echni gues and/ or

reghaniaalodastiesbes (mot expressly shown) way be Geened

to attach supporting beans 90a with crossiies.24. A

pdl Profa SRR rQf 1S (fr%[ﬁ O%‘ﬁnﬁl%ﬁén%éggbgémy be
gtd L O dSSRSEHYEL S UPPOT tVAeL beansyP9es. ofuadaesive
rail's 208 and 209 are shown in FIGJRE 6 and_are no

t
stecherial FIBUREBs0 Porpkared appiitat FBRsNO§ESdECr §PFYTE

%ggﬂ%¥jbolts 26 in place. Preferably anchor bolts 26 do

not extend substantially above the tops of agsociated
nuts 27. Concrete and asphalt anchors and other
fasteners satisfactory for use in installing an energy
absorbing system incorporating teachings of the present
invention are available from Hilti, Inc., at P.O. Box
21148, Tulsa, Oklahoma 74121.

For purposes of describing embodiments shown in
FIGURES 5 and 6, supporting beams 90 immediately adjacent
to crossties 24 are designated 90a. The respective
supporting beams 90 disposed immediately thereabove are
designated 90b. Supporting beams 90a and 90b may have
substantially identical dimensions and configurations
including respective web 92 with flanges or flanges 94
and 96 extending therefrom. Four crossties 24 may be
attached to web 92 of supporting beams 950a opposite from

respective flanges 94 and 96. As a result, the generally
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209 may be formed from structural steel angles having

| egs of equal width such as three inches by three
woneisgssand a thickness of approxi mately one- haCt/uskooan41321

inch. For other applications, a wide variety of guide

rails may be used. The present invention is not

limted to guide rails or guide beans 208 and 209. For

enbodi ments represented by esergy absorbing system

20c, guide rails 208 and 209 may have siml ar

coRbbgupatbi-Rs aRdttdidERY QRTHASURTRA Al berppmid i n
bean59290. Quide rails 208 and 209 may eéﬁh havgﬂgiLs?
esgepds amwdysSromd despezti ehi R SSHIGES &% - each ot her

at appr.oxi mat el nj - e pty of
hol ese‘%‘ﬁo u_gé?ﬁr%sf% ycrsrﬁ?sgs&n])de%grrg% t?g:l%%oc?ir?edg th\tIL (L)’é(n%wt1 hg
lsepabirtahof besin lovg 2kl e atdrdwdatdegeiiidigiguipien rialig s
208 and 209 with respective supporting.beans. 90b,
NECkagieSalstaStfe s TRAM W% rf?as%%kr% U9 hapstem:

weehanical, Laslanan VS8 tussdaeingub
ra|Is.f%%béﬁ%é%b9 ﬁﬁ{#géﬁg%%f$?%g beanszg%b.fﬁggleﬁz?i 708
;afregﬁm@ferdaﬁjas:msuancfm@ qrh Eheshd tereeped to four
engt h .of the associated r 38 e
SBSEWINTT £Sse PESH6° (¥§$%%§¥%£q3%sor%%%%gség?éﬁf
2R Hahiidn 1l s feaevk pesdd |appanely ssippant fapnes used to

60a-6Ce are di sposed i mediately adjacent| each
GttirerchwsusP gttevish tke dng tHE W&R&Hﬁﬁﬁs%ﬁl%ge%gassenbly

40b. }her ef.or & bioir \S Ml@%%de 19k 2th®W80488nandoo may

189 o éﬁ%&gy a I Nng assenblies 86 to have the sane
lrengidt ashaglite Tedpeact?2Doe asubROL: ing soedpan®Ph. Guide

FI GURES 5 d 6
fnadirﬁ%t%%?ai]n%| 2 %‘% g%?g ;%1’?(?0‘%& S}éﬁ]ﬁ%?%ﬁaﬁ S%d 2%1:& OLBBAshown
apprdEd & Y feuy dpbespsntear ibhekngssdef rails 208 and

approxinmately three quarters of an inch, Each cobnet

M Wy doel Z3cmey Freem St Tedgire bf Seppt oRPEREE| $AVINT

thir
legéyggwgqual width such as three inches by three inches

and a thickness of approximately one-half of an inch.

For other applications, a wide variety of guide rails may
be used. The present invention is not limited to guide
rails or guide beams 208 and 209. For embodiments
represented by energy absorbing system 20c, guide rails
208 and 209 may have similar configurations and
dimensions as associated supporting beams 290.

Guide rails 208 and 209 may each have first leg 211
and second leg 212 which intersect each other at
approximately a ninety-degree angle. A plurality of
holes (not expressly shown) may be formed along the
length of first leg 211 to allow attaching guide rails
208 and 209 with respective supporting beams 90b.
Mechanical fasteners 103a which may be longer than
mechanical fasteners 103 may be used to attach guide

rails 208 and 209 with supporting beams 90b.
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i nches. Top brace 141 preferably extends laterally
bet ween corner posts 42 and 43 . Bottom brace 51

wonefseegihal y extends | aterally between corner peer/U42004/041321

and corner post 43 immedi ately above guide rails 208
and 209. A pair of braces 148 and 149 nmay extend

di agonal Iy fromtop brace 141 to a position

i mredi atel y above guide rail 3208 and 209. Only brace
148 is shown in FIGURE 5 . A pair of guide assenblies

o4 ”%]I%e 1%%3;%%&/%&@ taghed M hiridie @ndndf BACTonger
di agonal bracCe 148 and 149 . Only one gui de assenbly
Ehamsnbtﬁeaol \SﬂnfﬂgthE@JREldS assHwd adiaterziwhsl & aEhl i @k
asse y na e select.ed tpo all :
§§1§5@iyataé°_c?°§lﬂ @gfrﬁ?% rlegsuigoe' r al srPZ i 2OTREN
SR APRIdKCald ans i teadegitidie@siseindi yodde heyubport frames
formed with a relative short angle(? ro&l tely the

e S GHPRARED G h e TS LEsGnipteg other

%&dﬁ%ﬁ&%&%%%ﬁ%%&ﬂgﬁ?ﬁ%:Qﬁ§wgméﬁtiJ§L§fé&ré%séﬁBﬂy 40b.

asse .  ongitudinally al ong gui de
Imidye £208 ,and204% imot hecdssoty ofponfrews absbcaadel8d of

hazard such as, roadsi de hazar 10., lnert. |
A LRI Bt (3R TR S &t I U 1T T gt uar 22

tgﬂﬁ OR-Lf1 Guigle 4@ |50 208 and 209 will contribute to
ecel eration of an inpacting vehicle. Mst ingacts
S

ggtb weers shmtoriv dMEREQMR ¥l @1 SPrafedPagsentryand 43
%gelelnfe&nee& L Y OGEMT - Al :%g@%%?@%ﬁ:'ﬁgﬁmf&ﬁb' ¥ width

\ : absorbing asse s aresult,
hi Gierdsonacte W tioendiddhes | andenectlai tynessubf in

applying a rotational no t ot | ed, nb
mmwpxw%lsguw%ﬂée%s%%’ﬁn‘%?%% 85 % Hagk- do Cﬁo@?ﬁ‘eler

top . of, 4 eg 211; f 1§ 8SPEET i Vet HEo T Bhbsr3R8mand1208hirty -
éﬂr?ng a cé%llsi6ﬁ§betmeen a?ﬁ%toroveh#%fe aﬁd eng 41lr Y
dwsl atclassenbly 40b, force fromthe vehicle may be

Top brace 141 preferably extends laterally between
corner posts 42 and 43. Bottom brace 51 preferably
extends laterally between corner post 42 and corner post
43 immediately above guide rails 208 and 209. A pair of
braces 148 and 149 may extend diagonally from top brace
141 to a position immediately above guide rails 208 and
209. Only brace 148 is shown in FIGURE 5.

A pair of guide assemblies 54 may be respectively
attached with the end of each diagonal brace 148 and 149.
Only one guide assembly 54 is shown in FIGURE 5. The
dimensions of each guide assembly 54 may be selected to
allow contact associated guide beams or guide rails 208
and 209. For some applications, each guide assembly 54
may be formed with a relative short angle approximately
the same dimensions and configurations. Guide assemblies
54 cooperate with each other to insure that sled assembly

40b may slide longitudinally along guide rails 208 and
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transferred fromcorner posts 42 and 43 to top brace
141 through di agonal braces 148 and 149 to respective

wguid®esrsenbl i es 54. As a result, guide assenBCTaS24/041321

will apply force to guide rails 208 and 209 to

mai ntain desired orientation of sled assenbly 40b
relative to energy absorbing assenblies 86. A s shown
in FIGURES 1 and 6 connectors4214 may be attached to
bottom brace 51. Connectors 214 may be spaced

b%beggﬂ ey, of qu'Pe%ac%erfe ard QJRLBIMEJ esPRGtd Vuch as
shredders 116. Connectors 224 and 226 are al so
mbaﬁell&ﬂbl ylaaetatrabﬁé@ 10 Im:rtem arfd Shash aeagieely i0b and

n posts 43 42. Re t|ve ;

G S 4 KPR A SR sy Pl I g % i
Ela@;tl%s 2¥4 antl 2ABH wana wcﬁftﬁﬁahit;e dis pimﬂemiemlat ef yan
adj acent to respective shredders 116 opposite from

&mﬁaﬂtaﬁéﬂ absorblng assenblies 86. For the
embodifrent %%Oa SHBRES Tk 6, SHHPOE tadth 3660 284 of
may be Att ac to respectlve support post 43 and

%&%@E@ISS&W&II@WJZIM geSieppolrty pheter 286 amjopetion

atta hed t ct
e Bl S AR B S AR EBECRE Y e =

l?:%glﬂ@ br\?é}%.éﬂe ashbred iwait 3énc$u43130cﬁil_'p| GéreP381ly result
proxi nete corner post 43 . A simlar spacer (not

ebrp regersll vy reeh Gwrg o ety e mr@ﬁmiédt%e%%%na%%%%wb? aRe
F%]S?t q’hztho” zont al u§£§%@3ﬂ@§ 65 236, PLOXt- r@&ﬁnceﬁn\?he top

ate may be secured to bott

kyfcep b PRSI Jt@spﬁécmﬁ\&ssgmi@é ek 5he ezldér sn41609
Backup pl ate 238 provjdes additional sy

conneAW 512 134 oY PR e SuppdFPE P aY%%lEgi 33g°0d

3@: ed,As é@' 400 1Ry Bis, StbLab! Frohsersedenncyui ey b
a ils dS%O9 gﬁd al i gned MAtﬂ first eﬁd ig7 of yoes

enesrrgaff@hsed bf nom assendt i BeS8S 4R t Andhtadber sop1prace 141
through diagonal braces 148 and 149 to respective guide
assemblies 54. As a result, guide assemblies 54 will
apply force to guide rails 208 and 209 to maintain
desired orientation of sled assembly 40b relative to
energy absorbing assemblies 86.

As shown in FIGURES 1 and 6 connectors 214 may be
attached to bottom brace 51. Connectors 214 may be
spaced laterally from each other to receive respective
shredders 116. Connectors 224 and 226 are also
preferably attached to and extend from respective corner
posts 43 and 42. Respective shredders 116 may be
attached to connectors 214, 224 and 226.

Support plates 234 and 236 are preferably disposed
immediately adjacent to respective shredders 116 opposite
from associated energy absorbing assemblies 86. For the
embodiment shown in FIGURES 1 and 6 support plate 234 may

be attached to respective support post 43 and respective
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di sposed in respective slots 102. The di nensi ons of
shredder 116 and shreddi ng zone 118 between associ at ed

weuppmesizng beans 90 are sel ected to all ow eacRCT/US2004/041321

shredder 116 to fit between associ ated flanges 94 and
96 of associ ated supporting beanms 90 . During a
collision with end 21 of energy absorbing system 20b,
a vehicle will often experienee a decel erati on spike
as nonentumis transferred fromthe vehicle to sled

?ﬁ%ﬁ@% %498 gwhi gl resil 1S Ha 9laed rass esbl st éheddio

e vehicl e noving I'n unirson with each other. The
gERpREt tdfred etpipendt iarstdye Pad he SPREHE SRRRTEPT | 314 -

a function of the weight .of. sl ed ass Y. 4
APefoEne e o0t Bind IeAAC BRRNES HRe Ry e ¥ ana
sbed assablay: Sldides l2ongigrediingldey damesd post 43. A
roadsi de hazard 310, gui de assenblies 54

Il contact
sespdeti wpagare(Na |SXEXFS Sivd S TAY MR W%%%ff%‘&

| i gnnmen t we e a§%§gq1 - n Orpifige 236
2’?53’%&% ésoq%é),m S raededSSrls gré'ﬁdl%;tpaglc% L\%ﬁ(gﬁr e%)di n?g
2ReS mbte .coienr pomshiad e iByrdots plrcd 238 way 3a of
the sl ed assenbly 40b, sled assenmhly 40b w |
EARNE h RPN frSider SOW?:HS aﬁ%%‘“i%s?%g%%‘g?ﬁive

Sélh%%dje% W14 engage,adimaants Bnesgyyadser diagtional

el ements 100. Shredders 116 will nove through ad&aceTt
feupstortarfborearsmenra 121 4 e diowl 2Pt #rat SYPRPTF pplates
| and 112 . Each shredder 116 will pass through first

123fd PEP -and enters the first openi ng 110. Shredder

116 widjled hede @By 4dte mextbd asidi d412]y shi eddsag oheguide
naperial. The process_repeats_as, shredders 1%6 g@ssf
trtericrg R Q Garrered 1299 vt 3R HHER bethREnSTBspidt Pre

R e el
bt dpEnsdirimgré s cishvedslbot 4 1502 emeThs @damensions o
shredder 116 and shredding zone 118 between associated
supporting beams 90 are selected to allow each shredder
116 to fit between associated flanges 94 and 96 of
associated supporting beams 90.

During a collision with end 21 of energy absorbing
system 20b, a vehicle will often experience a
deceleration spike as momentum is transferred from the
vehicle to sled assembly 40b which results in sled
assembly 40b and the vehicle moving in unison with each
other. The amount of deceleration due to the momentum
transfer is a function of the weight of sled assembly
40b, along with the weight and initial speed of the
vehicle. As sled assembly 40b slides longitudinally
toward roadside hazard 310, guide assemblies 54 will

contact respective guide rails 208 and 208 to maintain

desired alignment between sled assembly 40b, energy
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a desired path through energy absorbing el enent 100
and al so ruptures energy absorbing elenent 100 with a

wonediocs@abl e anount of force. The center porti 8aTWS2004/041321

each energy absorbing el enent 100 will be shredded

bet ween respective supporting beans 90, while the top
and bottom portions of each energy absorbing el ement
100 remains fixed to respectgge supporting beans 90 by
bolts 103. The center portion of each energy absorbing

%%%gEBEn%OQSEQBEEQHESBEQ bershresdded 18s agldedaagrardilve

contrnues to push respective shredders 116
sheedtihngugbne¥hél8hr eddi ng of portions of energy

absorbj ng el emrents 100 wi || et
oo et SRR e, Apas =, S08) LARER, iy SR sled
hBecRB3§ag6Lyf sshheddersblyb 4opneridl monve émevagyd hazard

absorbing el ements 100 wil | [
30a-1 oRBreRHRES (A6r ERBLESSIP TRORAEC it HIGHIY Ly will

%§§§§%tg&§aegw§ %gggggga%%%r@$ﬂgﬂéﬂéﬁéﬂﬂéfldﬂmﬂgshredders

i ng-system y be sel écted to be | ong enough
t 0 spwatildecwmel throecht agdscemt $Htdsdf dangt ypr segment 112

decel eration of | arge, high-s veh

§§§@§§EF94G@eh5§tﬁ63€ﬂ'Pﬁ}gﬁﬁﬁfg‘ rongﬁ%%?tééﬁéégé%fﬁh6

&Lﬁ.lla?a\é%l ¥rsehigh eneidy 1ahsprhingrel ememss the first
ener I'l'y, energy absorbing el ements installed in the

wipetahliegp G110 -on Sefrecs\ey ]?8‘55' arid 11 g9t ER e driat gP§RT 1and

adj.acent to.the d_of ro | | | B

'ﬁ&r’d'sggf Wartz% tngateeﬁ%%&y' a\g‘s%gr tﬁ%cgg}?eeélf nﬁ%iﬂy 2

iststcaldead adj@ernts tthrfdugtt lenBlL 1l 1Pand epgpbrgs 110

T
S%?g-%b;iéf'rtﬁﬂ%gg%ﬁasf%gﬁgé 'SCEJE R GRE difedd éhebgy absorbing
: pport franme_6Ce has a

ganeiald YL aedyarmiarenonfingrziadorekiesddel 1Ho parbapys on
a desired path through energy absorbing element 100 and
also ruptures energy absorbing element 100 with a
predictable amount of force.

The center portion of each energy absorbing element
100 will be shredded between respective suppofting beams
90, while the top and bottom portions of each energy
absorbing element 100 remains fixed to respective
supporting beams 90 by bolts 103. The center portion of
each energy absorbing element 100 continues to be
shredded as sled assembly 40b continues to push
respective shredders 116 therethrough. The shredding of
portions of energy absorbing elements 100 will stop when
kinetic energy from the impacting vehicle has been
absorbed. After the passage of shredders 116, one oOr

more energy absorbing elements 100 will be separated into

upper and lower parts (not expressly shown) .



10

15

20

25

30

first post 68 disposed adjacent to guide rail 208 and
second post 69 di sposed adjacent to guide rail 209.

woamsmesee 61 extends laterally between first postUS&®4/041321

and second post 69. Bottom brace 62 extends |aterally
between first post 68 and second post 69. The |ength
of posts 68 and 69 and the | ocation of bottom brace 62
are sel ected such that when panel support frame 6Ce is
di sposed on guide rails 208 and 209, bottom brace 62

Wl eoRt aGihgdw ¢F hdldpectl&canbwi) I daitapdst s 6asanciated
69 will not Contact concrete foundation 308 A
mlamem?rgm abeesd imcaces e 280 W5, bR SHP YIS HalP RS

i spose t wee t , r 286,

5] pﬁ?ﬁ?ﬁ%ﬁtﬁﬁ%?%géf%bglgﬂggﬁggidﬁgg?%é$ﬁfé§%%or o Y
apRldleatsitans erfoSsyencas il sirgd 6ishizdl egdr Fernsl od

ts 68 d '
RO A O R SE R TS

beinstalled, alo @ | QIRIr RSB BiYy RISdhedds andeélferall
The meight%gfcgupportl%ﬁgnes 605?g%b and the Iocatigi v

efhery adsupibbngl cevsnits ot aelede sl tBidghe portion

provi de desjred, styength .duri [ ' it

e eandar it yorans St BhHABRE 1, thg en

MRy hermtiaehed T od heleddiwilpotiatd" aslf acenmpated to

concrete foundation 308 and extends laterally toward

Ty T FOSHRY si B A THEF 6951 SOSFE abRed -8t ond
e end of post 68 adjacent to concrete assenbly 308

and extends laterally toward energy absorbing

assentidresl &updkats Bawerl 6Ta codpeanay ehavehswoeteptially

brace 62 to, maintain panel s ort, frane ge
Vit SRRSO F s TR S s, “—a@éﬁfﬁ%@%?' Pk
) bi g systere 200 $loPh eVeNFIGURE DI nvzel be
otationin a direction perpendicular to guide rails

208 antbed ol mieahl | RAryl paraPostppERTef P fe'88e%t 0
sgéég%éfiyi%é@%gﬁgéfé}Q§@£Piguration defined in part by
first post 68 disposed adjacent to guide rail 208 and
second post 69 disposed adjacent to guide rail 209. Top
brace 61 extends laterally between first post 68 and
second post 69. Bottom brace 62 extends laterally between
first post 68 and second post 69. The length of posts 68
and 69 and the location of bottom brace 62 are selected
such that when panel support frame 60e is disposed on
guide rails 208 and 209, bottom brace 62 will contact
guide rails 208 and 209 but posts 68 and 69 will not
contact concrete foundation 308.

A plurality of cross braces 63, 64, 65, 70 and 71
may be disposed between posts 68 and 69, top brace 61 and
bottom brace 62 to provide a rigid structure. For some
applications cross braces 63, 64, 65, 70 and 71 and/or
posts 68 and 69 may be formed from relatively heavy

structural steel components. Also, cross brace 65 may be
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roadsi de hazard 310. Inpact froma vehicle colliding
with either side of energy absorbing assenbly 20, 20a,

wa@aQms/oes7220c wil |l be transferred from panel s 180THS2004/041321

panel support frames 60a- 60g. The force of the

| ateral inpact wll then be transferred from pane
support franmes 60a- 60g to the associated guide rails
208 and/or 209 to energy absssbi ng assenblies 86

t hrough cross ties 24 and nechanical fasteners 26 to

?88?5%8@0‘ %lﬂngatlio%rg’g%si@ri%soﬂ eost4 gEchaniaml The
asteners 26, energy absorbing assenblies 86, guide
walilbAt26& anppR0S drengswicR -pAceRnsy SR tLqGanen of the

60a- 6Qg pr.ovi des lateral ' i i
apeRraAsE il bEAEE, TR il R PR

bERACkS $hedrrgsemintndlh fsddend ngreamiwig-it reddiay  any
occupants who are not wearing.a seat belt or other

pbsbrdiimon §YEhETEe 2r?a_y 206catduIFed Yor ward fromtheir
seat. é[%)?é%%rw: AR RC WP aHsS Md lopenssal dy

decgl . the vehicle. During the short tine
BEFaeenand oicsirance: s | fethiraisdaryl \B U0 BNG [T SNGF okgerally

uide rails 208 _.and . 209, an unr-estralne C

W@irr%&q?éqynﬁl%ﬁ?%%éﬁscel .1%&Sc§€'r a %gné}?g?% e‘g@&la(:hed

applired 40y tdhe ddmaddd n@atird e dlwdmgréte: sasaembly nos

period nay be quite large. However, just prior to a

;allgrec‘emr‘]canlrﬂaj Todansity dentarsd iSRETH APIRT LAY | oRESEPLLes

vehi c su S ' j S

S5, NS IS Sncinpmegpoty o

wdﬂn%ﬁ&ﬁr@ﬂéa hesesittc e ane | @verenevedd vbthi aihfigerails

possible injury to the unrestrained, accupant. . :

Poxa iaseh 2R° g2 17 Stk oL IR B 14 6 %ﬁé%ra?%%rbmg

bg eenélgoks)ftoc’l FSSE D YAk é | reoat B6h panel direction

suppor rame a which will, in turn, contact pa

sppridicular to guide rails 208 and 209 while a

Tféwing
panel support frame 60e to slide longitudinally toward
roadside hazard 310.

Impact from a vehicle colliding with either side of
energy absorbing assembly 20, 20a, 20b, or 20c will be
transferred from panels 160 to panel support frames 60a-
60g. The force of the lateral impact will then be
transferred from panel support frames 60a-60g to the
associated guide rails 208 and/or 209 to energy absorbing
assemblies 86 through cross ties 24 and mechanical
fasteners 26 to concrete foundation 308. Cross ties 24,
mechanical fasteners 26, energy absorbing assemblies 86,
guide rails 208 and 209 along with panel support frames
60a-60g provides lateral support during a side impact
with energy absorbing system.

When a vehicle initially impacts sled assembly 40b
facing oncoming traffic, any occupants who are not

wearing a seat belt or other restraining device may be
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frame 60b and any ot her panel support franes di sposed
downstream from sl ed assenbly 40b. Myvenent of sled

wazemmesR740b t oward hazard 310 results in tel e6TaSR009/041321

of panel support frames 60a-60e and their associ ated
panels 160 with respect to each other. The inertia of
panel support frames 60 and their associ ated panel s
160 will further decelerate a»m inpacting vehicle as
sl ed assenbly 40b noves longitudinally fromfirst end

%%%éﬁﬁﬁfgdSFSQQQrSngrg% gheepeEgytabsorbprglyy stearained
. e telescoping or sliding of panels 160 a%%rls@;
oteupant hewi pt odevesaddyi eEeRAPTRERCHIER tEFCHE

al sp contribute tp.decel etali Of; 4 hisq |l 1
NG enant ot Sﬁaﬁ& g%ﬁﬁp%?? E? Iria‘r’olrgg éégg %g\eé%alsgr?gl Slfisdeénb Y

£8b! 8r-20813nd1289 alisdepradileegoaddintli 808, fari cti onal

forces to even further decelerate the vehi.cle. A s .

preesbuaiyedi 96GUBBALWIRK PSs 6&65"?8%#&%&% fi‘eaﬁ’aehme'
B . SUp r apeg 180arB80enand mpsgedingf akhialed s

ﬁ%ﬁe%g??{:%égi ?g%%e%e%?g éLs striking g%t%:her si de of

guetgy ahier bamg syseewe2dbdbael St @UditeadsFdsat ed

roadway. Each panel 160 _nm r.al | d
HeWEXRGul aFSEoRfitgdr i‘tol Sitl )c(fé’% ie%gg%l%e%ﬁ% 35 fiﬂrast end
BbpYRStheaMeRd 16k aretsesendfenteoredawist r eamlerat the
162 . (Seé FI GURES 5 and 7.)h§§%§h panel. 16 .prefjﬁracbelé/
wnobstés 1 rgote FOTESELANG nd d@d"g‘f’eleﬁ?%m ot

ext end .| ongi t udi nal.l \yge ' el 6le ek S @O Mbwer
@ﬁ@ﬁigﬁl %OFg%%sé%gllggﬁb?{:l% o%rig‘sdeg%%elﬁfg 160 nay be
flekerg fromiskiandar odsen E0)ingauge bW Bdwem wee e jned
sections having a length of approximately thirty- four
AE¢UPRREe -fourth inches for "one-bay panels" and five

feet to.dinches,d Qi adomrbayrpanelsid &at panehd 60 top
preferably has approxinmately the sane w dth of ““f'g{& ort
andoend 41f aff tdigchassembly 40b will contact pane PP
frame 60a which will, in turn, contact panel support
frame 60b and any other panel support frames disposed
downstream from sled assembly 40b. Movement of sled
assembly 40b toward hazard 310 results in telescoping of
panel support frames 60a-60e and their associated panels
160 with respect to each other. The inertia of panel
support frames 60 and their associated panels 160 will
further decelerate an impacting vehicle as sled assembly
40b moves longitudinally from first end 21 toward second
end 22 of energy absorbing system 20b. The telescoping
or sliding of panels 160 against one another produces
additional friction forces which also contribute to
deceleration of the vehicle. Movement of panel support
frames 60a-60e along guide rails 208 and 209 also

produces additional frictional forces to even further

decelerate the wvehicle.
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A s shown in FIGURES 5 and 7, respective slot 164 is
preferably formed in each panel 160 internedi ate ends

waeadosaag2162. Sl ot 164 is preferably aligned weCh/uamm4/041321

extends al ong the longitudinal center |ine (not
expressly shown) of each panel 160. The length of slot
164 is less than the Iength of associated panel 160 .
Respective slot plate 170 ne4obe slidably disposed in
each slot 164. The upstream end of each slot 164

pref ex ably-{ n&hytesieatasged pethi easpeckeyoh@ll€URES 4A
portion 164a which will be discussed |later in nore

aled ad B, . pvBehl Seppapt 166amas bAanePBed o FSPSLAERE
ég%%fg ?égewgfgfkﬁéggegkogghgg@%é %g}lﬁﬁﬂgl%%ﬁﬁ@%iéﬂae of

or some applications netal
éﬁég@y1§ﬁs6ﬁylh@vsyatémng0b bhckppn@p|n@tabﬁqqmﬁbﬁ§

and -f th
£Bd - onBRRI PARSL RERCUST THeCPERGEH 18! Saa eIt
%&E@Qn%ﬁ?aksceﬁfiﬁﬁﬁgk@oﬁqH@Elh@diﬁ%.Wdﬁﬂﬁby fihest end or

réespective pane bet ween respective Iongltudlna
ﬁﬁgéﬁe&&leaddl682an&b6han>indalenﬁa§ffe FemgLsteean ggid

s5ee BCOREds Soanth da) panar teBanar Frans o oot !

&fgehaaégak 1k-ast enages 1867 agwdd skadnar ecmehstentwhaldly extend
entical. Metal straps 166 provjde _nore contaq§
bongt s ubdnaAdnbesyeeRd LiFEtorhid’s 2f6h §eFond end 162.

LeSPECl LY e BANEL SUAROL I SdantOle. Raspspesrdid

I'n eac anel 160 at the junction
Eebhﬁgﬁdse@@ndlemdgh&geamub@amxgnandiakﬁuﬁqqﬁﬁQQﬁ having

edges 181 d 182.
Sarergtisott R o B Rec%}%%ﬁiﬂﬁe“e adowen
%g:he%p RiRY "%'éa—%%ﬁ%atnéM@ﬂ aﬁfdfrﬂJiWe’ihSéthl tgp sistlees for

Isinits first position. As a result, recesses
1@ 4vorimiynivametlise "podisiclt InanelofLl &) iR igrAbly has

approximately the same width of twelve and one-fourth
inches.

As shown in FIGURES 5 and 7, respective slot 164 is
preferably formed in each panel 160 intermediate ends 161
and 162. Slot 164 is preferably aligned with and extends
along the longitudinal center line (not expressly shown)
of each panel 160. The length of slot 164 is less than
the length of associated panel 160. Respective slot
plate 170 may be slidably disposed in each slot 164.

The upstream end of each slot 164 preferably includes
enlarged portion or key hole portion 164a which will be
discussed later in more detail.

Metal strap 166 may be welded to first end 161 of
each panel 160 along edges 181 and 182 and the middle.
See FIGURE 8. For some applications metal strap 166 may
have a length of approximately twelve and one-fourth

inches and a width of approximately two and one-half
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snaggi ng the sides of energy absorbing system 20

during a "reverse angle" collision or inpact. For
woroposer7 of expl anation, panels 160 shown in PCGUREN0Z/041321

have been desi gnated 160a, 160b, 160c, 16Cd, 16Ce and

16Gf. The longitudinal edges of panels 160a- 16Qd are

identified as |ongitudinal edges 18la-181d and

182a-182d, and the |ongitudi4ml edges of panel 16

are identified as |ongitudi nal edges 181f and 182f.

4&éﬁésf0r%ﬂénféﬁgéﬁ0@f d60h, mardl 1668apends i8lparderable

are identified as ends 16l1a and 162a, _ends %ﬁ%b
emaa 1620, thadwedds ab1dhangespeativespadeilyéfy. Petween

Li kew se, for papel..160c, -1h t d i .
bt JonBRRSauED sallp RRLLERTBRl | Hoghanical
dovwpsteeam end issi dentli Lsedmay bedusede toRespecth wach

metal straps 166 may be attached to first 1

Febal ShESRO1ESC 0. BSPOBE 6 BEneFoSGiBorE FrARe GUPECTE

t?a%esggllaﬁegﬁQH§5a1r9§Q%EhE¥§ Aet/alanst naps ak@bar e
ovided 'to securely attach first end 161b and 16le to

ﬁ?%gggpgamgsménpaneu.suugﬁatl prappsed®s A SRS 1
and 9, bolt 168 extend hr I 2 d
reBpecti PO1ELSt LRFal'eyuY 6n§n§n§'§g?Té§% n |n§§ﬁ%T§tkﬁ
ﬁ?%BS@%EQQS?%$e§h§W@bOEﬁ Fadelesl @GOl -6A5 shown in

E 9, sfot plate 170 preferably includes -h I; 172
ext endengselesr 884r 8ayh PeAfpaedH R | Pappt g‘hoO Prp the

BRGERe™] P a1 7ECREy BE S D20 T e Tece: ved i thin
i L
R}@@Iﬁ?@ﬁie@allgf‘la@tléﬁé’r P67 kb U 6 ?fgi%c‘“%%r}rgméﬁ\étlg%%?r e
B8, LR S b SR i e
paRtlenl B ish irhe tas fooist @ROStLBB orABP vHFFRLE
géégg%%%iﬂkénﬁfﬁi fggﬂtﬁgxbgéﬁf%if¥£§qyﬁiiu@gﬂﬁéié
snagging the sides of energy absorbing system 20 during a
nreverse angle" collision or impact.

For purposes of explanation, panels 160 shown in
FIGURE 7 have been designated 160a, 160b, 160c, 160d,
160e and 160f. The longitudinal edges of panels 160a-
160d are identified as longitudinal edges 181la-181d and
182a-182d, and the longitudinal edges of panel 160f are
identified as longitudinal edges 181f and 182f. Also,
for panels 160a, 160b, and 160d, ends 16l and 162 are
identified as ends 16la and 162a, ends 161b and 162b, and
ends 161d and 162d, respectively. Likewise, for panel
160c, the upstream end is identified as end 1l6lc; and for
panel 160e, the downstream end is identified as end lé62e.
Respective metal straps 166 may be attached to first end
161a and first end 161d to post 68 of panel support frame

60c. In a similar manner, respective metal straps 166
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the associated posts 68 or 69. During sonme vehicle
i npacts panel support franes 60a-60e and associ at ed

woanslss7t60 may nove to a second position suchpras/Ushmwa41321

in FIGURE 4B. As a result repair and reassenbly of
ener gy absorbi ng system 20b may be nore difficult.
However, enlarged portions 164a of slots 164 cooperate
Wi th associated slot plate 1408 to allow the respective
panel 160 to be nore easily released fromthe

Q%éogké‘{r%ﬁeewﬂ%‘ sskppent, brarRnbdifeer s@® 61b and lé6le
appltrcations the length"of enlarged portion 164a na

ana$ﬁngfiFaf@lﬁBF@fapﬁnéloﬁU@E@ﬁﬁerHﬁmﬁ1QQQrcdﬁ%i n
i ee slo ' ;
1548 GHEESs Godri 60 EPOE ot X rrRL S aL y, 172 in

ot” pl-ate cooperate wt
gié%g_e@'tli%d}s‘lo%}i @%a;;ét inarlol yride du e rate sgdanmd imag hadlemy (not
ing and/or interference problens which may result
trpIrESs Lymsaeri g ive Magicd ﬁﬁ%ﬁhg an ener gy d

absor Qi n stem.fn i’ s t I
secong,S CO apsend Fgor@stﬁE{ ogrﬁ. tssléﬁcxflggtgajpngfe%ﬂ%é&%Egy
4Acande4BholEnariy catrsording thestathxoigas Fhddiy Pt

FI GURES 10-16 may j ncl yde sl.ed as I C :
RIFERBRe 10l AR b A0l T e 95, ©F
LSREGIME MHOMS, 288 rRfd-28% exdrendi T wenesal $ized to be
I'ongi tudinally froma hazard and general | arall e

wietcle ir@ch wittism aREOEGHRehFI kbl SaePF oW YagPane!
IR B A o 1 cere e Jbe T row

i nergy absorbi ng assenblies 286 1n row
288 @y e shaseshdwd eratl 1and rose eneraycabsodatagslot

assenblies 286 in row 289. See FI GURES 12,
gl@g?swéhbl Fat TEE RS b ?ﬁlggb%%%f%%%r‘g??%‘%gate
e S ey e

| b
Wl i160 ofitch osse hresesi@ze . PTBBpPed a@F 0h° pePhgnallowing

Cr oss
an outer panel 160 to slide longitudinally relative to

the asgsociated posts 68 or 69.

During some vehicle impacts panel support frames
60a-60e and associated panels 160 may move to a second
position such as shown in FIGURE 4B. As a result repair
and reassembly of energy absorbing system 20b may be more
difficult. However, enlarged portions 1l64a of slots 164
cooperate with associated slot plate 170 to allow the
respective panel 160 to be more easily released from the
associated panel support frame 60.

For some applications the length of enlarged portion
164a may be approximately equal to or greater than the
combined length of three slot plates 170. Enlarged
portions 1l64a and agsociated slot plates 170 cooperate
with each other to substantially reduce or eliminate many
binding and/or interference problems which may result

from an impacting vehicle moving an energy absorbing
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braces 24 and energy absorbing assenblies 286 results
i n energy absorbing system 20c having a relatively

woigisthe¢nanme structure. As a result, energy abBorThiSm4/041321

system 20c may be better able to absorb inpact froma
notor vehicle that strikes sled assenbly 40c offset
fromthe center of end 21 or that strikes end 21 at an
angl e other than approxi matel §3parallel with energy
absor bi ng assenblies 286. Energy absorbing assenblies
28pstray beoseaufélkrptat tachedetio poedtiene tiown datdan

308_in frqnt of a hazard using cros tie bol t
SeOLLAnEEa baaitartn rEeRe P 6 EBLey SICHREgA Hrd 4B.
systenEﬁebg9nabgegbﬂmgas§@tamngo@sa%w@mb@@.&@ FOOURES
tie attachnments 300, which will be discussed later in

mbfelBemay| ingaydpesiisddasecabiir 40F emsaFet l&ngrlgy energy
2
R e T ST D R e S R TN

286dmagohaxecadiagpgehevealiyr dbneidudl Aadfiiyclfrom a hazard
corresponds}generall Mﬁth first _end 21 of ener%}aIe

aPRer BPRETeY Y eRPIBL Lot WhtRssar PLAGE -nay Fe S
dé?ﬁ9§8gt§gh§0§35hfk5§t2§@da%%72@@ hRYS 238 AR AR or more

shredders 216 aligned wth respective energy
a@sergyngbassbmbgles8286193502860 a Enetrioyl @bisepdsing

20e>EPOARRr €016 sy oA CH: ROl GUREPa Iy NERL AL Om

r@h@fgyeab@oﬁb@ﬁgaagaamby1éaczs%namgyoaba@@bln@ee FIGURES
el enrents 100 and an associ ated roadway (not expressly

showni 3. aEchshredder 216 may be formed froma bolt
navi ngsged! AUBLED1 b1 F48RPROY! Halbel  opastaldy o duittion

and a engt roximatel y el even i nches. The
naimilatstaaylbd asedmbdyf aoi. s hEaederys adbBerdsing

previ ously described, with respect, . to sh ed% rs 116 .
CAEHeBHO 59 SB6FBY ne PRRERETL U8 thap BE. Aeiss el @
gsngLal Yy of cross braces 24. Cooperation between cross
braces 24 and energy absorbing assemblies 286 results in
energy absorbing system 20c having a relatively rigid
frame structure. As a result, energy absorbing system
20c may be better able to absorb impact from a motor
vehicle that strikes sled assembly 40c offset from the
center of end 21 or that strikes end 21 at an angle other
than approximately parallel with energy absorbing
assemblies 286.

Energy absorbing assemblies 286 may be securely
attached to concrete foundation 308 in front of a hazard
using cross ties 24 and bolts 26 as described with
respect to energy absorbing system 20b and energy
absorbing assemblies 86. Cross tie attachments 300,
which will be discussed later in more detail, may be used
to securely engage energy absorbing assemblies 286 with

respective cross ties 24. Each row 288 and 289 of energy
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hori zontal relative to associ ated shredders 216 and
the roadway. See FIGURE 12. A pair of ranps 32 nay be

wonosiodgd7at end 21 of energy absorbi ng syst enp@Dasta4/041321

prevent small vehicles or vehicles with | ow ground
cl earance fromdirectly inpacting first end 287 of
rows 288 and 289. Various types of ranps and ot her
structures may be provided tg4ensure that a vehicle
i npacting end 21 of energy absorbing system 20c wi ||

8£8§§£%X9?Qg§%%bih%% agsemlY hdlde andledtiinectiirst end
contac |rst.ends 287 of rows 288 and 289. Each
?8”1 ghiahsqdrlmgp@s@@n’gleylemlars wiisdwi instriegdRed of

- may incl.ude a pair ,of supporting beans 290
8P§‘p’8¥ea¥’ls&‘f RS a S 6§Fa| | el vvithgeach ot her and
spaced; bat asdlehib1ff abcearly GeherisSesdidipemre 2psst end

may be formed by the resulting_| j tudi .
Eéﬂm@énr@@@hééﬁra@ﬂ-@@ﬁp&ﬂF@n%kﬂggﬁ%”%§8£ﬁ%o i&ﬁﬁg with

ARRLEELLANS RUBROLIING NGRS UL Ie D s Bogiaerind |

Cr 0SS ction as previously described wth
Kespede Henpsittpor tHawy chidarsir@diter raprefdred by energy

sati sfactor ' i i
SRORR L ROLIUSRES. 290 oGP Y B Sob TS g
g%%%&'aﬁqgf A% AN LS haddigrgarerdldy dssdmpey £00ssenergy

ectrons defined in part by first leg 291 and_ second

labgo28dnd ejenEILt S Qg iaterTrte e Ao ner (BPt

an_angl e of .approxi Y U r
oA o S por TG, DAL ST dngl e 290 ny pe. o

Rl cakathdy Usidigetet af rapprd:oimatrgly eohdi gads. ofhan

use of I 290 d [ i
R T i i

e e e 00 a2 305 and 209 may
Rereviously described with respect to shredders 116" Each
energy absorbing element 100 may be disposed generally
horizontal relative to associated shredders 216 and the
roadway. See FIGURE 12.

A pair of ramps 32 may be provided at end 21 of
energy absorbing system 20c to prevent small vehicles or
vehicles with low ground clearance from directly
impacting first end 287 of rows 288 and 289. Various
types of ramps and other structures may be provided to
ensure that a vehicle impacting end 21 of energy
absorbing system 20c will properly engage sled assembly
40c and not directly contact first ends 287 of rows 288
and 289.

Each energy absorbing assembly 286 as shown in
FIGURES 10-15 may include a pair of supporting beams 290
disposed longitudinally parallel with each other and
spaced laterally from each other. Shredding zone 218 may

be formed by the resulting longitudinal gap between each
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formed fromthe sanme type of structural steel angle.
The L-shaped cross section of each supporting beam 290

woryswesdr sposed faci ng each other to define aPCT/US2004/041321

generally G shaped or U shaped cross section for each
ener gy absorbing assenbly 286. For sone applications
the width of leg 291 may be substantially |onger than
the width of |Ieg 292. For emasdi ments such as shown in
FIGQURE 12, the width of each first leg 291 may be

?%\qrxo?gﬁ%tﬁﬁbﬂ Bahd e gonbimed yémkd haplications
ssoci ated "Second Tegs 292 plus the width of shredding

zompatinAdernesifd Herkgvans Fee eSS erbFhapgg cross

may have a gener.al.| t4 e+ Fl GURE
BT o, B A S (0% BuPE 1 0bock el
sagu-dieg 292%iorouser i anatdiaedn nepohef act ooy ecenesgy

absorbing el enents 100 with associ ated energy
ithg assenbly 286. For sone applications such as

shown ﬁcﬁce%llpg]ﬁ%a]éiéﬁ@ Sh@es 81 196wk 0l @SFBBURBY YerYy4,

along th gth of each |eg 292. For exanple, sone
heolpeso198ingreye dtew 62 20 hangi ke A eeretleed s eePgdepolaving

acco ate a.typical 9/16" | u chani I
Y Fs o R S van oy far i dcrhr Pake! by

i isigle 1HATES Brane! 66664 t DeqczopMDdBEgs a2 31 84ntlokP2omay
threaded stud with a 9/ 16" di aneter _shoul der a

d.no_.
HedP Rt RAHR PP EaRt fAR1INBTS %%O?P?B?XbﬂﬁgséggnéFetY
dc?echféé% s @%?fﬁg}%i‘:[géti%né heupp6s€Thgl BYBREI B

en e ts

gy.absor ing e 100 associ‘ated wth energy
adsgirds rap @asentibé efal2Bbcabyd bey desigaanedaisrenér gyrmlng

absorbj ng el ements 100a, 100 1 and 1004, F
eI Shs e ?g?s%b%%r%?%gé%s%gﬁbm?%srﬁ Cﬁaghﬁégggry

PR Y dhe Ses SFehath hengtdctutdt Andndepair of
hei ght as previously described for energy absorbi ng

s aRockatgsl wmsbususlpes. of For some applications
supporting beams 290 and guide rails 208 and 209 may be

formed from the same type of structural steel angle.

The L-shaped cross section of each supporting beam
290 may be disposed facing each other to define a
generally C-shaped or U-shaped cross section for each
energy absorbing assembly 286. For some applications the
width of leg 291 may be substantially longer than the
width of leg 292. For embodiments such as shown in
FIGURE 12, the width of each first leg 291 may be
approximately equal to the combined width of associated
second legs 292 plus the width of shredding zone 218. As
a result energy absorbing assembly 286 may have a
generally square cross section. See FIGURE 12.

A plurality of holes 98 may be formed in each second
leg 292 for use in attaching one or more energy absorbing
elements 100 with associated energy absorbing assembly

286. For some applications such as shown in FIGURE 15,
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fasteners may be inserted through holes 98 in
supporting beans 290 and correspondi ng hol es 108

woaoomdsizn ener gy absorbing el ements 100. A paPCT@R2004/041321

ener gy absorbing el enents 100d nmay be di sposed on each
ener gy absorbing assenbly 286 proximate first end 21
of energy absorbing assenbly 20c. See FI GURES 11, 12
and 16. Energy absorbing el ements 100d are shown in
dotted lines in FIGURE 10. The overall |ength of

E‘Hgf gy 23eserbisrg net ereniss mb§Os a7y lersudtaritdragily of
reduced as conpared to energy absorhbing elenentﬁné?lOOqé
¢66b aeg 200c. Soot eXerLHEy BETOMMEES P FAdF e gy ¢

absor bi el enent L. recel td wasivedderie:
31§14 ﬁgﬁgFgﬁg ggé%%¥§f€ cﬁ%?%%gggﬁﬁgﬁfé%der 216 ar{a16
pbekeakiny aseheeihead ifoa 1be aaanrgatrish| 26 0ni t Pidssodiates 982

sl ot 202 and gap or shreddi zqgne 218 far
FetwWBeTSEs S0 EEld @ Ls dpydAs ﬁglgaﬁ‘?%t?é‘ ﬁ.)%.e ee@gf?nsnsi ons
llecte W reyeddert @l Gritth sh i @16

onéﬁﬁﬁ%ﬁﬁ%i%y%ggfvgtﬂggéfﬁﬁgllegs 292 of associated

gippetidmgHoedie2e0d For feashdUrhtas JIRIAISHbWN i n
Fl GURES 10-16, energy absorbing el enents 10Qd have a
feskEne S 2afort 1 ength. However, the length of energy

absor hidyg &]ss HOQkJmyitind nereases Desedren ohethe

anmount of "energy absorption desired within th Birst
iﬂﬂﬁﬁﬁﬁﬁ kﬂVQﬂﬁﬁﬂﬂzﬁnﬁfgymﬁQﬁPQR%Rﬁk%iﬁp%%%%eﬁ? A
%Sg:irﬁ%lj{%ee g%i&%%g}érgg{:h H%ﬂ%g%%@%%l %§v6f1ﬁép“EEe
AdAictiate Judenaidy 208 0vingelknentssbepai e§00b, 100
WA RSl ity TEE AR AT BRERY reeran AP

UI LI LAGD My OBTBYagb S0t salY stbet oniieyoused 1)
to securely engage guide rails 208 anf Zggsgégged for
respedt i weldth and height as previously

energy absorbing assemblies 86. Various types of
fasteners may be inserted through holes 98 in supporting
beams 290 and corresponding holes 108 formed in energy
absorbing elements 100.

A pair of energy absorbing elements 100d may be
disposed on each energy absorbing assembly 286 proximate
first end 21 of energy absorbing assembly 20c. See
FIGURES 11, 12 and 16. Energy absorbing elements 1004
are shown in dotted lines in FIGURE 10. The overall
length of energy absorbing elements 1004 may be
substantially reduced as compared to energy absorbing
elements 100a, 100b and 100c. Slot 202 may be formed in
each energy absorbing element 100d to receive respective
shredder 216.

Dimensions associated with each shredder 216 are
preferably selected to be compatible with associated slot

202 and gap or shredding zone 218 formed between
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ener gy absorbi ng assenblies 286. Guide rails 208 and
209 cooperate with each other to allow sl ed assenbly

woQastoesmove | ongitudinally fromfirst end 21 etTasemngy41321

absorbing assenbly 20c toward an associ ated hazard.
First leg 211 of guide rails 208 and 209 may be
attached to first leg 291 of associ ated supporting
beans 270. For some applicatidns shredders 216 may be
install ed as part of replaceable nodules 220. A's

shawn iR Bl GURESrEdngl bedlitd 13 ceac i @ilner@ibmaymay be
I ncl ude respective support plate 222 dlsposed bet ween
shiledtied 206 adddwheRCIMSBrEcdes] @&pb liflates 222

iéglgzhomnari l?/Otbe%q\reennes%d&?ld:l %%E S ddciated

rve parrs angl es or ets 228 and 229 may
bepablradmed baants bmot omthtIaw}:@ﬁlenetrsmjl Furh reg h%hOWH in
direction of associated.ro 288 nd 2 9. %

EAGUBES23E -dfd SF$TRy A8
g%u%%&lv)él %@io\{& NRSRRGL.| vqmle mllean@cmr@femergy

or sone applications the upper portlon of each nodul e
2P@ omiyi rige edrenmmyed WMA0ch meesmtmw degged s the

| GURE 1 resu

B‘E‘Hﬁ@gn O&Zafﬁjeeﬁqy &5 rps i angﬁ%esg%q%{%)r{ lggl:gﬁ(\g/]\nsﬁwftgﬁe
shal ZeS@f'S: arrﬁ%tssragzlmlet&%ﬂee@;qfecabmmg afstegl es 228
or . For sone t

be. o et MV Bt (v TR S 1 S b HEY be
%r‘in%% r t’dl’Yee % rcﬁ?@ae:,drgeffﬁé;& Nbed ESPECELVELlow

ener gy s ing ass i es 286. For such enbodi nents
bh&d@hﬂﬁg5§U1ﬁhﬂr&yk&uﬁ&ﬁx@ﬂnﬁ0Qmwithrﬁﬁﬁ@@laﬁed

LS, COTNEN, 10 01250 . SIS e rpunon s
?ﬁ?@iﬁg gnﬁclzld/u@ecé&[ﬁq{pé@ramﬁola%m@ﬂ hechaniral
attachment techniques may also be satisfactorily used to
securely engage guide rails 208 and 209 with respective
energy absorbing assemblies 286. Guide rails 208 and 209
cooperate with each other to allow sled assembly 40c to
move longitudinally from first end 21 of energy absorbing
assembly 20c toward an associated hazard. First leg 211
of guide rails 208 and 209 may be attached to first leg
291 of associated supporting beams 270.

For some applications shredders 216 may be installed
as part of replaceable modules 220. As shown in FIGURES
10, 11 and 12 each module 220 may include respective
support plate 222 disposed between shredder 216 and
bottom brace 51. Support plates 222 are shown in dotted
lines in FIGURES 10 and 13. Respective pairs of angles
or brackets 228 and 229 may be attached with bottom brace
51 extending in the direction of associated rows 288 and

289. Each pair of angles 228 and 229 may be spaced from

each other to slidably receive respective module 220
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For some applications respective retainer |ugs 240 nma

extend t hrough openi ngs (not expressly shomn? in eachy
woundses220 and associ ated brackets 228 or 229rCEai82004/041321

FIGURE 12. Cotter pin 242 or simlar devices may be

used to rel easably engage retainer lug 240 with

associ ated nmodul e 220 and brackets 228 or 229. In the

event of failure or damage t48shredder 216, associated

cotter pin 242 may be renoved to all ow retainer |ug

449,40, be 19%3? eQ%ﬂ@ egagi oAy as6as1 eheduppdul po22@ocandf each
respective brackets 8 or 229. Modul e 220 may then be
S

m@cﬂltlﬁw@d%_zmdmdyrrhgednihreddeWiQEGrﬁéﬁﬁﬁEé&e B&P (see

a i cations each shredder a t hre

%ﬁggﬁﬁo§?}e e ﬁsatﬁgﬁggg 8§§g%gﬁ%ébr§§ e%%i?géﬁﬁﬁgﬁpd

%%%Y%%?fﬁ?g Ei%gdpgﬂ@906t phgiles 228 wey 2B& erith the
ely sized openings t i '

Shpatiders2T6E RESCORT BOGHTSRBECTTS Ry Tbo TarPiigy 228 OF

g%%h the threaded portions of each shredder 216 to
urely engage shredders 216 with associ at ed
supporbpl abee 2pplivations stbperiePRafiesns 2andiey be

techni ques nmay be satisfactori.l S el
engagécshredders 21%&th cao T By TR Yon the
BE@?EBEI:L’V@V ARLINSR HeSi@ddel Fialc@thot @ ampridteisre? 2hergy
vertical support plates 222, retainer |ugs 240 or nut,s
SR o ong G SRS 4 ertiher gt one
i ace be S5 o R e\t Uptdyl component
§ELEFFBEE & g\g asser%’ley 40b.” Top brace 141 "and bot t%m
hhage exbrirefler altowreXx teeh dupgtoartald s e videh- coF\Haport
posts 42 and 43. Bottom brace 5%) be di sRased
phesei 228 Jaad P s A @;Ea%ltzlao]f %w e TaITs
%n%t%e . %]1%0%'8 ?%eed:lt%J%ﬁ@ shrERidreausd ons and
naterial's used to form bottom brace 51 may be selecte
o o
may €xtend throu acoﬂenngiﬁ/ges ! &{oec té?xpressly shown) in each
module 220 and associated brackets 228 or 229. See
FIGURE 12. Cotter pin 242 or similar devices may be used
to releasably engage retainer lug 240 with associated
module 220 and brackets 228 or 229. 1In the event of
failure or damage to shredder 216, associated cotter pin
242 may be removed to allow retainer lug 240 to be
disengaged from associated module 220 and respective
brackets 228 or 229. Module 220 may then be removed and
damaged shredder 216 replaced.

For some applications each shredder 216 may have
threads formed on opposite ends thereof to recelve
respective nuts 232. See FIGURE 12. Support plates 220
may have appropriately sized openings to receive
respective shredder 216 therethrough. Nuts 232 may be
attached with the threaded portions of each shredder 216

to securely engage shredders 216 with associated support



shredders 216 and associ ated energy absorbi ng el enents
100. The hei ght of bottom brace 51 and the Igngth of
woegs/é@2and 43 may be sel ected to provide subscams@i/o41321
cl earance between the bottom of corner post 42 and 43
with respect to concrete foundation 308 and cross ties
24. See FIGURE 12. The di nensions of bottom brace 51
and the length of corner post&942 and 43 cooperate with
each other to reduce the possibility that any portion
gia§ggd2§§se”95¥lég% FRY,eS0RkaehnG EASS aide s ethrainflled may
ortrons of anchor bolts 26. As a result, sled
hesenblipfa0comayyofised be redsesakiile ENga% i Redders 216
For so appl.i_cat S S {SRRWMY 1idh RIBURES
Ygg 1f1§ﬁdaf§e%§1 aBPcof F%%kpg%%%eg atggﬂfgb and
%g&ﬁ%}d be abtatked 2poQxiveated dafie selwocmr perat 48 281,
. Respective contact plates 266 may be attached to
5 wathiperr logshébR prat®$=2682and 269. Hook shaped
pl at ey %gSagggmga Giod G LY aGicIRIRE @A Mysts 42 and
engage adj acent portions of guide rail 208 to resist
Bdelblmga@zu$hmpﬂ:ﬁu©@"4/f©¢lm%qi ginsy ipsssnp e @pied sled

mai ntai.n sl asse

P&FEEPIYS 4?92’ 206P (‘?1? sﬂ‘%e 43 O%ggosl%d@%ﬂw e
%&%‘f“e‘x%&ﬁ. ¢ et 1RIRIre1266 H@W@gmm qmms 42 and
ortions Of guide rail 209 for, S|n1laﬁ“§%%foses

10 fadnct BogonGhyssss Stayshe Rf
ost s 42 d 4 C
it rls %c hur ﬁ%l%ogﬁl%m%o%%%?e@ﬂe See FIGURE
f1QI nf ane Y ermadem oramhglease (iwls exgrdssd yEerawpdt hem
be di sposed on botton1bafce 51 and, ad] geen
Foiadeorfs FR YRRl SEXE A’F?)é?rrovo]fd%réa% < 121% tah Shagroth

Ye t r
i mwreé\azg‘lat%{%df g@ove%gﬂmedﬁeéﬁ? ORbrAc el righlot bng. Pasi £l enco

15 shredders 216 and associated energy absorbing elements

adjacent

100. The height of bottom brace 51 and the length of
legs 42 and 43 may be sélected to provide substantial
clearance between the bottom of corner post 42 and 43
with respect to concrete foundation 308 and cross ties

50 24. See FIGURE 12. The dimensions of bottom brace 51
and the length of corner post 42 and 43 cooperate with
each other to reduce the possibility that any portion of
sled assembly 40c may contact cross ties 24 and/or
portions of anchor bolts 26. As a result, sled assembly

25 40c may often be reused after a vehicle impact.

For some applications such as shown in FIGURES 10,

11 and 12, a pair of hook shaped plates 268 and 269 may
be attached proximate the end corners 43 and 42.
Respective contact plates 266 may be attached to each

30 pair of hook plates 268 and 269. Hook shaped plates 268
and associated contact plates 266 may engage adjacent

portions of guide rail 208 to resist side impacts with
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rails 208 and 209. Braces 48 and 49 may extend

l ongitudinally frombottom brace 51 and engage
wdieymagd27 br aces 148 and 149 proxi mate respect PCE/USA0dB41321

rails 208 and 209. For sone applications horizontal

braces 48 and 49 may be forned from angl es. Cross

braces 143 and 144 may be securely engaged with

hori zontal braces 48 and 49 5m a generally X-shaped

pattern. Horizontal brace 145 may be di sposed between

| 29 e%?{e@oﬂ%@%ﬂﬁ@ai@w@da&wmﬁbw%% ahddably

may be a

ached wth respective ends o d%agoaall e

chirspoesed 48n agnati del 9raids de0 Asaedb? P 8s 5BOGRdSBEPSRJP-2-CS
ui des_54 may. have siml r age adijacent

rafed A PR TR CAT t%@%éé%%%%sgégagﬁ% %ggngy be”

S OFEsh & r O gii @agkei hawd agfdi neisidas porpasesl ang t h

associ ated guide rails 208 and 209. Guide assenblies

BenentoBd. cooperate with each other to allow sled

assenb| shidg; Lengbhudepakby abengrgpode sr a2l snd
208 an%giéggiﬁg¥h%éd§%%§tion of an associ ated hazard.
i gedassenbhi bsas8 ahdts9prayifachddétiespdcsitygctural

first | egs 57 which_extend awar | atd W&ol t
%@@E@BEratQBegaFd@OF%iFeé8§ggﬁgﬂgog%¥fégs%%§%E§%S§?éﬁ?
Wit P-gaeh ehben)t Rapebat dispsked assbobipmboadics fdsend
on-guide rails 208 and 209 and shredders 216 aligned
aidf hcevspoot pestiRREJAENHCoZHAES 228 -during a vehicle

i mpact whi.l e _at angat i laloOW=R0 SdteGhAsEegdnally
40c t EPF&eO?oﬁgggﬁgigg?l?ggl%ﬁg gS?gQ rails 208 and ,
209t ewar Byagk agsocbabegolsdrdod immgpslisrelopphiaite guide
with each other to limt undesir I r.al veqrent  of
shéd sad9SnBny 3@@'inBF@§§§ng§ F%%g4§f§%&?§%§%%. The
hnerti hed rasse Mt AP Braed 31 elrdrerasspeiditagbnal
%?Eﬁaéﬁﬁg%agéggéblies 58 and 59 and bottom brace

dhriadierg 1d8e mride §¢ 92 DT oofimgiFed €4S DB &g § 1208

%%%FEB%Hteﬁg% some applications horizontal braces 48 and

49 may be formed from angles. Cross braces 143 and 144
may be securely engaged with horizontal braces 48 and 49
in a generally X-shaped pattern. Horizontal brace 145
may be disposed between diagonal braces 148 and 149.

Guide assemblies 58 and 59 may be attached with
respective ends of diagonal braces 148 and 1493. Guide
assemblies 58 and 59 and guides 54 may have similar
features and characteristics. Guide asgemblies 58 and 59
may be formed from an angle having dimensions compatible
with associated guide rails 208 and 203. Guide
assemblies 58 and 59 cooperate with each other to allow
sled assembly 40c to slide longitudinally along guide
rails 208 and 209 in the direction of an associated
hazard.

Guide assemblies 58 and 59 may include respective

first legs 57 which extend downwardly relative to
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decel eration of an inpacting vehicle. A plurality of
nmechani cal fasteners nmay be used to securely engage

wenersggsabsor bi ng el ements 100 with associ at edPCT/US2004/041321

supporting beans 290 to form energy absorbing
assenmbl i es 286. By installing energy absorbing
assenblies 286 wth associ ated energy absorbing

elenents 100 in a generally &orizontal orientation
rel ative to other conponents of energy absorbing

gyé{ssml@@a g0¢38nras$osbat adar caguay Letse ST compienaite
asteners nay be nore readably accessible for
wephaeaal dahagedOcmﬁéohéﬁﬂsSiﬁé ?ﬁ§?§¢ﬂﬁhéoﬁéﬁi5posed on

conmponent s. Fl 13, F e |t ggga
des %|£?égsn§§§ §§§U§§§ %gdugéag?ggggcEﬁg?flghgageagﬁgl
PésﬁE&EieeeéﬂxeaHSnghbgeelenendarimg\thehﬁﬁmmdmmmgt

supporting beans 290. A pluralit f. headl
D e 20 e g3kt g2 eadgg, B4 o

absgr bi ng €l ARRALS 1100 1Wnbh gasseciratiad Suppeirid mpo
Beans Eggg B nensio%g assgb?gied mﬁﬁh headl ess g%1ts
P6Raste aar nespoidiced bpeaindgs IGES FlagKsRoHAE with

ener gy absor bi el ements .10
ensh Qﬁ@FﬁytﬁbggFﬁFnﬁn e@&éﬁ%%q%%ﬁgﬁﬁi%kgﬁ%ﬁ%Fgﬁﬁgégﬁf
%Eggﬁ\%ﬁyafzﬂo@f i sengReeRERL of dilte newwrt calThe inertia

asteners 250 and wi t hout disengagenent of h ,
bél &3 eZ6@.ssRIPleNYOs Rast §r§§a+%¥g as%ﬁﬂ/&%o%e@?%ﬁséssg‘ﬁde

gggﬁgl 4R g 25% %@dfa@%(s)tbgtstﬁéome be remyathy tever

I"sengagenent o ubl ers 114 and associ at ed
aBeigabs efiguy da eniits 200 argh® AD0E: L NueopbRigiR¢ to
preferably remain securely, en%g ed,w th associ ated nut

decsleaatigs ot o ot the pr esent

i nventy QR SULH 138 JeRIRRR ieth DY anasgyrabsay bbagused to
system 20c, each energy absorbing el enent 100 may have
aegenerlat langsam ety ERSaIing SHMeYLT at fonvith

defin i
assoé?%éé&‘gﬂgpé¥%ing beams 290 to form energy absorbing

assemblies 286. By installing energy absorbing
assemblies 286 with associated energy absorbing elements
100 in a generally horizontal orientation relative to
other components of energy absorbing system 20c and an
associated roadway, the mechanical fasteners may be more
readably accessible for replacing damaged components and
installing new components. See FIGURE 13.

For example, bolts 250 and associated nuts 252 may
be used to securely engage one Or more enerdy absorbing
elements 100 with respective supporting beams 290. A
plurality of headless bolts 260 may also be used to
releasably secure energy absorbing elements 100 with
associated supporting beams 290. Dimensions associated
with headless bolts 260 and corresponding openings 108 in
associated energy absorbing elements 100 may be selected

such that energy absorbing elements 100 may be installed
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first longitudinal edge 121 and second | ongitudi na
edge 122. See FIGURES 15 and 16. A first row of

woperFsioagR7 108 may be formed in each energy absecbiusgno4/041321

el ement 100 adjacent to first |ongitudi nal edge 121. A
second row of openings 108 may be fornmed in each

ener gy absorbing el enent 100 adj acent to respective
second | ongi tudi nal edge 12252 A third row of openings
110 with | ands 112 di sposed t herebetween may be forned

oS! o%&!fgftéPSeEQéﬂgaﬁé@aﬁet ok08hbeteepantilalf i r st
row of openings 108 andt

e second row of openings
98t eiSers FP BURES 181 ahaut 6di sEpgageRenip P %ﬁ%dg-%?s bolts
ener gy_absor bi syst.em 20c €. el Qfid 15,
$99 st E?ﬁg%W885388§§8 %PégeaggéPﬁgﬁi%@rg§§§§E§ﬁ§¥g§
Bbsesbh g gapakhkhbysandsambhi bed stageedesicgrdd avo
absorb the ener%y of _a high spegg and/ or, Qg VY rer
JdeaeepagemRet| ehgtRUBL cEReldf aBSoPFPRG 18 St s THixd
: Bs&?ﬁiﬂ{;r 84 RLAYE ABYaPEnbingheasederden deaeased
to vary the anount of energy absorbed during initia
pppdcikablyareshiicl eewiurelyl engageentiiyi@e Shre &bt
stage of energy absorbing system 20c may i ncl ude
EREFGYCELEEPhI ng el enents 100a with variabl e spaci ng

bet vegp agspel ak®ddQRRMRIS 1 theand cassnciatwht mdssuch
112. For enbodi nents such as shown in FIGURE 16 th

tisr seppesensedobYe £818TEe PGP AL iISF R felft 1

may i nclude ' i AR &ferrall
EB%FgYiﬁé?gFggg'e%%%g%&VAtQN%q%ggcing of%gagﬁgii@gtely
b\m%nba%ms r%g}twe@mlme ccertigs hach‘icafdjdm@[)ﬂe penipREE by
110. The m ddle paortion of _each ener sorhi.ngs

Eawisntl ONGEE UdyRa In Q%8 %ﬁ%feffgy%glv‘?%ﬁa@&ml edge
diamet ef, Ofr RRUEAX I MRLElY 1ne INahad wow pati dgenings 108
approximately two i nches between centers of adjacent

apenibegoli®d Ats eagqtesanaroy FOIRARIIE L LB ent &0

%%%%éé%gi¥%ffff§t‘%gﬁéf¥hdinal edge 121. A second row of

openings 108 may be formed in each energy absorbing
element 100 adjacent to respective gecond longitudinal
edge 122. A third row of openings 110 with lands 112
disposed therebetween may be formed in each energy
absorbing element 100 between the first row of openings
108 and the second row of openings 108. See FIGURES 15
and 16.

For some applications energy absorbing system 20c
may have a relatively soft first stage, a second stage
having increased energy absorbing capability and a third
stage designed to absorb the energy of a high speed
and/or heavy vehicle. The length of energy absorbing
elements 1004 in the first stage may be increased and/or
decreased to vary the amount of energy absorbed during

initial impact of a vehicle with sled assembly 40c.
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of each energy absorbing el ement 100a nay be
approxi mately one inch. Each segnent 112b in the

wondidloesaor t i on of energy absorbing el enent 100aTM8004/041321

have a length of approximtely two inches. Wen a
vehicle initially inpacts sled assenbly 40c a portion
of the vehicle's energy will be absorbed in the first
stage. Wien shredders 216 engage ener gy absorbing

el enents 100a, the anmount of energy absorbed by

segnepts dd2sndBythHEr 88S€nasggoapPabEDingt byshent i20st ma
stage (energy absor%ing elene%?s 10 mﬁt z: , inm Y

. , b
anchud?megeggyu@ba@rbéﬁﬁa?éémﬂPFﬁ éﬁ@%gvlﬁﬁs Fﬁé%
segnent s ._The i e ] .
T e
toARar edo W t horhembbditentsegueht sl s2ewnTher STIGHURE 16

substantial ampunts _of

ShroBAgrS RRLRGUCOEnFaGT SLRESH ANFE DaTE Gy gnt 1002
ﬁﬁgpgﬁEiﬁaeeB?éHXnégsQﬁ@iﬁgvﬁh%”aﬂﬁiai&&@x'ki an :
I'ipacting vehrcle sStarts to slow down, |ess ener
ab@@baﬁmaﬁemgyobe dashr ad tho apseeetngaffn ARG taFely
occupan r I mpactin (R f 4 [ ;

PHer ariores PREVEBAR SSLREEN Be SSTTS i Pheii 40
RAL! QRARE bastiper Wforaeh easiragneimppribsty bilgpent 100a
elenent 100a may be reduced. For ex I s%%gents

hagc imey uhgy OPEPFSR ﬁé@e@?ﬁFﬁ6’§hﬁ§gﬁgﬁa?ﬁ as
SSUIRNL R 1A O NEJdPRgIh LischRATRNIGE bidiramindiesly two

nore réduced as conpared with the | ength of
se@meRt betlden kentramy ofekiddasdnpaaeningstl bl - t s 2

ener gy absorption may. occur in st . . :
H@ﬁéﬁém thGr %@é\‘%ﬁ’ni%fh %e;?é‘éeétfn;lggaeﬁlerg\r}% %2% ]Pc agorEron

?%?%Qgﬁf%n%yﬁynﬁbéﬁﬁﬁﬁﬁgQﬂﬁﬁ@%ﬂﬁ@ﬂﬂéﬂm&ye%@nents
Ob Iin stagé€ three. For sone applications the

%W@ﬁﬁfmor@w efedRit's toth th Epagetddie
portion O energy QkégfgﬁﬂEQQement 100a may have a
length of approximately two inches.

When a vehicle initially impacts sled assembly 40c a
portion of the vehicle's energy will be absorbed in the
first stage. When shredders 216 engage energy absorbing
elements 100a, the amount of energy absorbed by segments
112a may increase as compared with the first stage
(energy absorbing elements 100d) but may remain at a
lower value as compared with energy absorbed by segments
112b. The increased length of segments or lands 112b
results in increased deceleration as compared with the
shorter segments 1ll2a. Therefore, substantial amounts of
energy may be absorbed as shredders 216 move through the

middle portion of respective energy absorbing elements

100a.
As an impacting vehicle starts to slow down, less

energy absorption may be desired to prevent an
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Al ternatively, the spacing between holes 110 in stage

3 may be substantially increased. Teachings of the
wones®as727 nvent i on al | ow nodi fyi ng ener gy absoPOTmg2004/041321

el enents 100 to provide desired deceleration for a

wi de variety of vehicles traveling at a w de variety

of speeds without resulting in injury to an

unrestrained occupant of thesyehicle. For sone

applications two or nore energy absorbing el enents 100

| SP9SE8-QP-SECOPEN! E8p282iaG paghisupport it
1%%%%?%@%. or eﬁ%%%inentsmsucﬁ asls oan iﬁ FFEURE ?%
téiei ¢ hé cknEssreformer ghe abBarbnegbef UABAL §0166a 14g 10 the

10 i :
OO e S0 sl DRe nRSET D8N, P BN ERCTERP Bbldt B ing
EBEheRPel G2 2RSPT B Ngegheaant FORaeandple(c segyemes 112c

varied. A's previously noted the t '
2y ove Ve cABEF G TAESKUNBBF SRTRedRERT bRt AEEURETS 1122

whi - -
?EL?HeHYéhgggfSggggngﬁeg Qﬂ§@n%§gg@ed%ﬁb&gmore reduced

acenen a ruptured or shredded energy absorbi ng
gkeaenbat8f. wAshshbenlenSEBURESsegmgnd s131a@e or nore

headl ess nechani cal _f ast ener or headl ol ma

be diEBBS@BnﬁeYﬁEéﬁ1?e§ﬂ@8?%§é ﬁ%%%aﬁ&igﬁg?gégéﬁgrs d
%?gor gaggogﬁ?gaeebg%atiho@%a@@@bbb@bsgwd stwoang Heaskeer, for

/ posed on energy absorbin | e t 00

gppgs;mghf cpredesvdd olre feryY dﬁhé%&ﬁ'glsg’d’ eﬁ%ﬂfﬁ t]216 may
eam 290. Doubl er . Str 4 i t

R g e L e T

whil ecal bhe1sane ibhee thec aimudatdasy athenengwfabsorbing

ey Boebregtesd L LRSI e
B e R T accoc at ot onor oy
ghsobel rybatsenilildy 288 raeasd doigaghings of the gIz/resent
invention allow modifying energy absorbing elements 100
to provide desired deceleration for a wide variety of
vehicles traveling at a wide variety of speeds without
resulting in injury to an unrestrained occupant of the
vehicle.

For some applications two or more energy absorbing
elements 100 may be disposed on second leg 292 of each
supporting beam 290. For embodiments such as shown in
FIGURE 14, the thickness of energy absorbing elements
100a and 100c may vary. Also, the spacing between
respective openings 110 and/or the size of openings 110
formed in each energy absorbing element 100a and 100c may
be varied.

As previously noted the present invention allows
reducing the number of mechanical fasteners which must be
engaged and disengaged during replacement of a ruptured

or shredded energy absorbing element 100. As shown in
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114 preferably includes holes 124 corresponding in
di ameter wth associated holes 108 forned al ong the

woOangicesmdr nal edges 121 and 122 of each ener gyPCT/US2004/041321

absorbing el ement 100. Holes 124 forned in doublers
114 are preferably selected to acconmpdate both bolts
250 and headl ess bolts 260. Various techni qgues and
procedures may be satisfact®@3ly used to manufacture
and assenbl e energy absorbing assenblies in accordance
Mdtkieachi ngs of the orasepé hayenkkenmeEnenéxraipl e,
energy absorbing assenblies 286 such as shown

ﬁ-‘dﬁjﬁiﬁ& é@a@ n?z,adms andoles na§0 beayahaf ééﬁepéadap?&tween
asse e rmng-s ] s kNg a
Eﬁ%ﬁ%ﬁ?{yeo¥e%% %%Cg%aﬂgﬁgéé%ggegsghdi%ggtﬁggﬁ % each
%ﬁﬁﬂ§@§@D@n£9aouﬁbérsnbndsnenng backsad 1¢howaly %ﬁ

GURES 13, 14, 15 d 16 th Il h
o Sposea bRPFRER BE, SLERENFAr S0P HPRRELF RBPLL “Bgps es
%&;ng g‘ggee%gggegtﬁ BLs BAAmandodoubbens ekk4 oshistirong

e rel easa ached with each second | e
B2k Henh esspbovestBe0haddibe Frzeet o BwEsGGRTed

respectiv mal | _dia r_holes_98a, .S der: 264
@%%F?ﬂéﬁaie§§358P?r§ggg§ﬁWplggeﬁgrggﬁyggﬁgégénshjaggnt
ROLLIARda P ngeeaBduLE] 029 RecaBRepEC hole sNEY) .26 2 a1y e
engaged with the threaded portion of each head| e

sppligebienseRdhgaEhFORYR d8cEHEIREy 1292 P St nore
%ﬁg{)géﬁabs re%'i%%a%'e?”%&ﬁ%—&Q@h@hageH@ ARG Ao Hankeasly

B&t IV econd legs 292 by inserting headl ess
Qﬁ?lta@eZ@@sbbb@dg’e aseagyabbsoriliey EISmeDiih| 1 Wit
Wi

al so be placed _on respective.ener sor.
apeRenes ef06TEY WnSEFOTRG e 8F°E: ST e 0t L gloubter
gé%o%@E%%a%‘iéﬁsin@ﬁdeBem% ve arechaniaaindasy ener s
ey then bBe inserted through associ ated q?eniqgs
#24men egoubilcer askbgiated holes 108 formed al e

disposed

ng t
longitudinal edges 121 and 122 of each energy absorbing
element 100. Holes 124 formed in doublers 114 are
preferably selected to accommodate both bolts 250 and
headless bolts 260.

Various techniques and procedures may be
satisfactorily used to manufacture and assemble energy
absorbing assemblies in accordance with teachings of the
present invention. For example, energy absorbing
assemblies 286 such as shown in FIGURES 13, 14, 15 and 16
may be manufactured and assembled by forming supporting
beams 290 having a plurality of holes 98a and 98b
extending through each leg second 292. For embodiments
such as shown in FIGURES 13, 14, 15 and 16 three small
holes 98a may be disposed between adjacent larger
diameter holes 98b. Energy absorbing elements 100 and
doublers 114 which may be releasably attached with each
second leg 292.
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openi ngs 108 in energy absorbing el ements 100 and
| arge di aneter opening 98b in associated second | eg

wa2ms/overher 254 may be di sposed between the head/ustoo4/041321

bolt 250 and doubler 114. Nut 252 may then be securely
engaged with each bolt 250 to securely attach energy
absorbing el ements 100a and 100c with respective
supporting beans 290. Doubl ess 114 effectively

i ncrease the "hol di ng power” of associated bolts 250

and nyt$4282 £ tS0AB0aRAYI Hat iassrseeh tas culemn |
FI GUR %.%% aﬁd 15 (espectige nu# retainers _280 na Ige
despesedvensmadh séeowielreloros 8§§osi§@qq¥§ﬁﬁﬂﬁégﬁnl

absor bi nqg. el emen . Eacgh [ :

03B BLI SLETRRLE 100 pERRTOUESELAIGRZA ajacent
pespeshivVerngkcddd diegposed t RespiertiNgt mudtsaidfer a0 be
al | ows associ ated nechani cal fasten

angaged HAGFSen SAGER AR RO Py By T hdr e 2L L e
g%%r %&Qgﬁ%lf{%e%h%%@ ShseibilRg 333enblonl&h: ifore energy

I'Spose ~energy absorbing el ements 100 in a
geBeralihny kdcieottsall @osiayi ¢ pdegaserrntsS WAt d Yy

t he head of nechani.cal fastener. j s

FEERGEGE VanF G J&5e @%?hg)ﬁfle ca eilﬂs]t%e%er %%éjsfsr omEe
heHP RGN e A a i HoAled neyss. 28utsetre Tt medll also
with various configurations and qQrientations. For_ s

inep pileatsido pst mﬁsm‘@i%@r@mﬂwsﬁg?% %ﬁ%“%?t%fgg by
vel ded .at t %;Cf%"@_netsss (: J%{W@ﬁﬂo@?%sé@ié@&rﬁoles

SRS &ng. alrigne respecti ve openi ng 98b. For
ather apRgeeativensneademingl ristst ererr 2 6 ayay nehedeLa

e soma L S L B, g8 88 11a,
%%%Hﬂ%e%gﬂf‘o dg";%fé ﬁ%@%?%ﬁﬂr}@@w@emg orh at edd nliarge
(etetape o, b S G o o HEE S GBS DLSE: S04 o
'ﬁggI$§5§£f1%£§%§g%gisposed between the head of bolt 250
and doubler 114. Nut 252 may then be securely engaged
with each bolt 250 to securely attach energy absorbing
elements 100a and 100c with respective supporting beams
290. Doublers 114 effectively increase the "holding
power" of associated bolts 250 and nuts 252.

For some applications such as shown in FIGURES 14
and 15 respective nut retainers 280 may be disposed on
each second leg 292 opposite from energy absorbing
elements 100. Each nut retainer 280 preferably includes
at least one opening with respective nut 252 disposed
therein. Nut retainer 280 allows associated mechanical
fastener 250 to be engaged and disengaged without having
to hold nut 252. Therefore, when energy absorbing
assembly 286 is disposed with energy absorbing elements
100 in a generally horizontal position, engagement with

only the head of mechanical fastener 250 is required to
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portion of associ ated headl ess bolt 260. Keeper plate
296 may be attached to nut retai ner 280 opposite from

weecendsi2eg 292 of supporting beam 290. Keeper poiraise004/041321

296 may al so include first hole 298 sized to receive
the threaded portion of associ ated nechani cal fastener
250 and second hole 299 sized to receive the threaded
portion of headl ess bolt 26057For some applications
retai ner plate 282 and keeper plate 296 may be

Eﬂg&gk' e q0R 28506t atdheadlcess faeitlen260 G afrdu
engagi ng nut 262 with the respective threaded portion.
Hekbpe288vef neéic@Skeeper plate 296 with nut 252

di sposed therein_is.pref WoTpyTeWETY ASSAEd at
Iarge_Hgaﬁgggﬁnﬁgfb2%§bn%ﬁﬁ2%%§? Iegqu%{g? ated
%%Q@_g@trlg@ti@@%gm gt ikeamtd9s .HolFor2 $®nien aphications
eeper plate is preferaply ali d wth [
Smel e adreedd Moo 1G53 11F SEkortt MEg g T o
2SFACHAEL 5 UPRAT 18- 20A Z30wrliore S wBvanpl doek ions 252
energy absorbing el ements "100d may be attached to
addogiedt ed téupperdaig e a2y BB ourf e diditEal

fasteners bolts 250 and no .doubl : -

PR oD S5 L PRl RO ey b (e o

A0S rSRRAIdU NG helarte 2P byitdi ghtf tosib| epeniang 284
twenty four mechanical fasteners 250. Ene absor bin
EirshseconTD GIPaTENRI 245 HO R HRRF 0 s SULT S cobening 284

TBhae R T e e R s T one. the
Lﬁfﬁidig}gggﬁfig@fnrzfm?m ﬁg@lm 20w/l bet | ARPBABE284 -

ok PR B chran S TS B SATTS 2R o §Egade
ot .%Fg:%%%%%%é%dﬁﬁ§§ﬂm1h@szé@6 vké&peropdate
296 may be attached to nugcreggigegm986nogég%ﬁﬁglétom
second leg 292 of supporting beam 290. Keeper plate 296
may also include first hole 298 sized to receive the
threaded portion of associated mechanical fastener 250
and second hole 299 sized to receive the threaded portion
of headless bolt 260. For some applications retainer
plate 282 and keeper plate 296 may be installed on
associated headless bolt 260 prior to engaging nut 262
with the respective threaded portion. Hole 298 of each
keeper plate 296 with nut 252 disposed therein is
preferably aligned with associated large diameter hole
98b in second leg 192 of associated supporting beam 290.
Hole 299 in each keeper plate 296 is preferably aligned
with associated smaller diameter hole 98a in second leg
192 of associated supporting beam 290.

For some applications energy absorbing elements 1004

may be attached to associated supporting beams 290 by

four mechanical fasteners bolts 250 and no doublers.
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each cross tie attachment 300 may have the genera
configuration of an angle defined in part by |legs 301
wanwsae27A plurality of mechanical fasteners BO#/USE)04/041321

be di sposed between openings fornmed in |l eg 301 and
securely engaged with correspondi ng hol es (not

expressly shown) fornmed in first leg 291 of associ ated
supporting beam 290. Second $&g 302 of each cross tie
attachnent 300 may be wel ded or otherw se securely

@géﬁ e %w?whe A5SetLatae €b05Smhiebd4attachaicab

present invention may include

ﬁf?zfﬂaﬁggn?dppartbagebaamss2ﬁﬁ|bﬁ ﬁéQhBedSP€&§§§nﬁF5H
elive ' I
BT E o PBRSTEaEA™ hGan] S EbRLETanCE Crimy e Eade o -
éféméﬁ@ls1§809rmaymalgSSbandteaahem ed assad;layteﬂ()b or
40c and panel pgort franmes %9 Wi th 60,
suEpartéﬂglheﬁﬁél 9P|P¥t668§ t%BH. %ﬁg 3?@' ﬁiil ur
ng g%&cgﬁs%?EEEhe y 28BN Mpze LeRRl bppliRadlichs the
ocafron and allow for nore efficient, cost

Eéﬁ@@hl Y€ eapagy absar@amg@crsﬁ:@amz@p Faye Qmiinceaipd by
off site repair fac

E
sédéP92®9r§n8n§ﬁ9¥d&g Pf@ggﬁ%%§%§i%§% a sosggnﬁgggs

in a ng\ﬁ%ft ¥ s0b fMmeablaeappld ealy @rs ssuchs e tonicky
ITDUﬂt attenuators. The pr esent invention is ot

Lisetit eo Eogaebalen’h%gy/ RBEeTDARS PERIBHS FUAF Qaith cross
%ﬁ%r g%gnt eg‘lo Ieﬂﬁ'fr ?’}Q:Ssoréﬂc@g Y 2 Gn %@ﬁSUﬁ@bl4

ed attenuators, such as
dasel idheds il StthaterintNa0® nww HsE dierggneral

absor bi ng assenblies 86
eordridraEiRay ALy oy ARG r‘fﬁ:‘cﬁl rﬁé’?t“%/@ﬁgf?le% 52961 and
%&res§h§§%gg'pr AN ddmast ad {ddnexpress! yay be

hovin) vided at the end of ener abs r bi
AP dE beferm 28@ropEssi farned i heed rg%k ?%‘g\gfely

vehicl e, Respective, s eddens 16 Qo2 oxiB¥sbey shown)
formed in first leg 291 of associated supporting beam
290. Second leg 302 of each cross tie attachment 300 may
be welded or otherwise securely attached with associated
cross tie 24.

Technical benefits of the present invention may
include providing modular base units which may be
preassembled prior to delivery at a roadside location.
For some applications each modular base unit may include
rows 188 and 189 or rows 288 and 289, sled assembly 40b
or 40c and panel support frames 60a-60g with panels 160
installed in their first position. The use of a modular
base unit may minimize repair time at a roadway location
and allow for more efficient, cost effective repair of a
damaged modular base unit at an off site repair facility.

Energy absorbing assemblies 86 or 286 and shredders

116 and 216 may also be used in a wide variety of movable
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nmounted on the truck or other vehicle opposite from
the i npact head. Each shredder 116 or 216 may be

walomesi2ni t h respective energy absorbi ng asserorgs8®4/041321

or 286 as previously shown. When a second vehicle
contacts the inpact head, the shredders will remain
fixed relative to the energy absorbing assenblies as
t he energy absorbing assenbl i®% nove past the
respective shredders. The shredders operate as
disslssat ahoveudndaenergyk i Bodhssd pat ednaatblrat t e

second vehicle js s|owed and then stoggid.,Algho h
e P s eV HvENR | bR RRS bEBHCEEsEri BB FAVE vartrerh
%}gﬁiijcé)@iéﬁ‘éjeéééﬁoé’swé%réééht@éé Ei}agﬂga?gg absorbing
subst a e

itutions and alterations can be nmade reto

véysioent 2epa?@d ng29lp oand h20gpi rFer apguskopeustethe

i nvention as defined by the. ende | ai IS

AR TS, Bh o e o B8 SN Tel S 1

Mg N4 26853 heeri €54 t sSbObrBi 69! hsseablbesweenoa el akbg be

traveling on a roadway and a hazard _conprising; the

eHeraghedse? g SYselth FasTHaTalyi F§?meﬁdt5Hg’ka°r other
ng: ih e t heagn b [

S ol BBy PO A PP RRRD! oty

edrdoexd &hyli sigowheredy doe areveded| atdabhyg dndpofegnergy

proximate the first end of t ener gy.abserhin

ey Teastb i eSoflery ABecrEpyEBL kA the truck or
disposedeeteen tbgpbaeaid andetbers! edeasgenhleymay be
each energy absorbi ng assenbly having at | east one

enevgyedbsor bhagt ehekenr; otheh vabigycapppPEilhg from the
oL R JBUATT Bafh b 08Bk SR ARl haighia
with respective energy absorbing assembly 86 or 286 as
previously shown. When a second vehicle contacts the
impact head, the shredders will remain fixed relative to
the energy absorbing assemblies as the energy absorbing
assemblies move past the respective shredders. The
shredders operate as discussed above and energy is
dissipated so that the second vehicle is slowed and then
stopped.

Although the present invention has been described in
detail, it should be understood that various changes,
substitutions and alterations can be made hereto without

departing from the spirit and scope of the invention as

defined by the appended claims.
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bet ween adj acent openings ; the sled assenbly having
at | east one shredder attached thereto and generally

walomesi2ni t h each energy absorbi ng assenbly ardTiiseocan41321

| east one energy absorbing el enment ; each shredder
havi ng a blunt surface generally aligned wth the
openings fornmed in the at | east one energy absorbing
el enent; and the sled assenbty having a first end
facing oncomng traffic whereby a collision of a
vehicle with the first end of the sled assenbly w ||

GEAEelShelLARM ‘to slide longitudinally relative to

each energy absorbing el enent and di ssipate_en [Sjgi‘ﬂ' imize
from Lthe vAahi eherpy 3hFeyBing ENETSEYMBNTTS -es‘é‘ s&y™

bet ween spect v L ngs e ;NG 1absarhidid on
Eﬁét Eﬁ?&iga §%malggggﬁﬁgggcg%ﬁe§%ng ©a pair of e
gnebg¥wabsanbi aghassedbkoepréstiendi ng general |y

paral l el with each other and spaced_l.aterald.
each &bRefnCEAY BRERT FrF@d&é(rS%ieﬁ‘cl g & S&%J%;é\ﬂ%gand .
geggﬂarglnldy bl unt, round surface aligned with the

4

openi ngs and segnents of the at |east one en%g
absor bheg selcomenend ofThéece sRCFEYaFRFIBIHG S e%beeTT/ of

Claim1 further conprising: i r fes
§B§bpﬁﬁﬂg %Qé‘?é:r%]l%i g’p 1’11:21' glas%(%i n (yci ';%{Wct\o%fé)efnlg%{/ Shd

absenbiing assewFrioas extending |ongitudinally fromthe
hazard; the first row and the second row qf ener d of
. C:hr%i%/ eIl (@]

absor i 7g-esb Sdrtlabdy SHARAPIR AT omea her
3?‘d Qne. . fta?%éasﬂﬁi?%d%ry%@rﬁigned W th energy absorbing

MenL s row of the energy absorbing
assenbit dsaand carotdrmrayf ke Wi RF SLTHP g et NP £ A

between the hazard and the sled assembly;

each energy absorbing assembly having at least one
energy absorbing element;

each energy absorbing element having a plurality of
openings formed therein with respective segments disposed
between adjacent openings;

the sled assembly having at least one shredder
attached thereto and generally aligned with each energy
absorbing assembly and the at least one energy absorbing
element;

each shredder having a blunt surface generally
aligned with the openings formed in the at least one
energy absorbing element; and

the sled assembly having a first end facing oncoming
traffic whereby a collision of a vehicle with the first
end of the sled assembly will cause the shredder to slide
longitudinally relative to each energy absorbing element
and dissipate energy from the vehicle by shredding the

segments disposed between respective openings.
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ener gy absorbing el enments of the second row of the
ener gy absorbing assenblies. 4 . The energy absorbing

woeyetsmasl Claim 1 further conprising: a firstPCoOWwSed04/041321

ener gy absorbi ng assenblies having a first guide rai

attached thereto; a second row of energy absorbing

assenblies having a second guide rail attached

thereto; the first guide raikiand the second guide

rail spaced laterally fromeach other; the sled

assembly having a first guide assenbly slidably

di sposed on the first guide rail; anda second gui de

assenbl.y siTheakngrdiysposedbimat syssesbf §uiadd! rlajjurther

5 . The .energy absorbing assenbly of Gaim1l further

EBMBFSTtRY:" a pair of energy absorbing assenblies

b e e e e S eneray Abaor bing asserbly:
ably coupled with each ener absorbing a X

andernd Lyhpedddr adi spoFedaal SERRT (51 ﬁ@f?%%%iﬁ?%%aﬂy

Energga%9§%;9kﬁg assenbl i es whereby a col lision

EPRe & <3 vghlcle and the sled assenbly results in

each shycedderrestteaddinug yddntg endaft thas ing rgsnerally

ener gy absorbin | ement, of gach.ener i
RasRD| SIS PPt Ao a1y
%%?gr%%it%gw ki =3V siteiBtoforfd aidadgywhessdrbengrglement

ng assenbly further conprises: a pair of
supporting beans disposed longitudinally parallel with

each qther;_.at lea r éggggﬁﬁ I
?f’ oT}éeac neprfﬂt% %%O?J%ﬁtl ng bea}f]rvsgc;>§ lEtn 1

attached t and
further comprising:

a first row of energy absorbing assemblies and a
second row of energy absorbing assemblies extending
longitudinally from the hazard;

the first row and the second row of energy absorbing
assemblies spaced laterally from each other; and

one of the shredders aligned with energy absorbing
elements of the first row of the energy absorbing
assemblies and another of the shredders aligned with
energy absorbing elements of the second row of the energy
absorbing assemblies.

4. The energy absorbing system of Claim 1 further
comprising:

a first row of energy absorbing assemblies having a
first guide rail attached thereto;

a second row of energy absorbing assemblies having a
second guide rail attached thereto;

the first guide rail and the second guide rail
spaced laterally from each other;

the sled assembly having a first guide assembly
slidably disposed on the first guide rail; and
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the supporting beans spaced |aterally from each ot her
to allow the respective shredder to engage the at

woeeastoeeme ener gy absorbing el ement to di ssi papPeTaIs200g941321

fromthe vehicle. 7 . The energy absorbing system of
Caim6 further conprising each supporting beam havi ng
a generally Cshaped cross section. 41321 6 3 8. The
ener gy absorbing systemof Gtaim6 further conprising
each supporting beam having a general ly Lshaped cross

SeCt'Qnsegon5h§u§8@rQMS@QﬁngBm9d§biyeﬁﬁ@bO@hd'Wmlthe
further conpri3ing : each shredder securely attached
socohé gledeasséhbly; the sled assenbly slidably
coupl ed proxi mate one end of each energy absorbing
assenbly; and the space between the openings and

di mengi onsTpE therassabkarbdngegsertdlyacy §g aditbrig
the length of each energy absorbing el ement whereby
garyhey aABORESIHT:force may be required to nove each

shredder, t hr gugh the.agsaeh-atied eReksblaksOrdyng:d
elene%téa&g.gxnggheggs absorbi%g system operable to
Mhoephzeyt ieomesalchs odhean i npact between a vehicle

and a_hazard .conprising:_-t. er b em
havi n§R& Fﬁ?§ta§ﬁ§ lgg@&ﬁgggﬁgicg%%ﬁggggﬁ' eﬁ%M%% the o
%nggﬁiggsgggg&%l§ys%@mydisposed adj acent to the

azard with the first end extendig&llon i.t udi nal

t her ethenphzesider sispasief SR G eedrea%ﬁ%%te% ©

%%e&%% absorbing assemblies whereby a collision between a

vehicle and the sled assembly results in each shredder
shredding portions of the respective energy absorbing
element of each energy absorbing assembly to dissipate
energy from the vehicle.

6. The energy absorbing system of Claim 1 wherein
energy absorbing assembly further comprises:

a pair of supporting beams disposed longitudinally
parallel with each other;

at least one energy absorbing element attached to
each pair of supporting beams; and

the supporting beams spaced laterally from each
other to allow the respective shredder to engage the at
least one energy absorbing element to dissipate energy

from the vehicle.

7. The energy absorbing system of Claim 6 further
comprising each supporting beam having a generally C-

shaped cross section.
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first end of the energy absorbing system a first row
of energy absorbi ng assenblies and a second row of

wenersggsabsor bi ng assenbl i es extendi ng from t hechasasd41321

the first row and the second row of energy absorbing
assenbl i es spaced laterally from each other;each
ener gy absorbi ng assenbly having at | east one energy
absorbing elenment; the sled &senbly having a first
shredder and a second shredder nounted thereon and

gener%IIy Bhd GNCE-HOT ABE LB AGSOgEabRdOENELgym 6 further
absorbi ng el ements; and the sled assenbly having-.a I
domstising ferthgsePrenrt FIt ParRi BaABR eBygﬁﬁeFﬁg&é’t of
a%veh'cle gﬁt@ é@ﬁogirst end of the sled assenbly
FRARTL TR Rach shr edder di ssipating kinetic energy of
the vehicle by shredding portions of the associ ated
ener gy absorbing el enments.. 11. The, energy [ h
syste%}of e feP9Y uf ﬁ@Fb&Bﬁp?V§Fﬁ§:Og F??éﬁ{EUi Frher

| hed to the first row of energy absorbing
éé@%ﬁg%%g "and a second guide rail attached t €%£e

%i ality

secondachwsbteddergpeabseibi a§tasherbfreshea

of pggil support frames slidably disposed on the first
§EPEE r4fl and the second guide rail between the sled
assenbhy andqdt hesbapardsltibdebigneouplpdorrdyiamds one end
having a first position spaced Iongit%ginally from
efichachhenerghd 2RSpIRARS BFS6MaHelPd %t t ached to the

paneltﬁgpgggEefkg ANE eXiopReiingd end ididiadions of the
al ong ‘opposite sides of the energy absorbln%¥systen1
13sothatedesgymanser iamy isystedmns thieitauEl (R RAch
ggg@gbsgg%orbing element whereby varying amounts of force
may be required to move each shredder through the

associated energy absorbing element.

10. An energy absorbing system operable to minimize
the results of an impact between a vehicle and a hazard
comprising:

the energy absorbing system having a first and a
second end;

the second end of the energy absorbing system
disposed adjacent to the hazard with the first end
extending longitudinally therefrom;

a sled assembly slidably disposed adjacent to the
first end of the energy absorbing system;

a first row of energy absorbing assemblies and a
second row of energy absorbing assemblies extending from
the hazard;

the first row and the second row of energy absorbing

asgemblies spaced laterally from each other;
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a respective longitudinal slot forned in each of the
panel s; an associ ated sl ot plate slidably engaged

wonzodsioaseach sl ot ; 2004/ 041321 6 5 each sl ot pl aC®/US2004/041321

securely attached with one of the panel support franes
to allow | ongi tudi nal novenent of the panel support
frame and associ ated panel relative to each other; and
each | ongitudi nal slot having4an enlarged portion with
di mensions | arger than the associated slot plate

wher eQXth@n@§§9CEEESQbﬁ!ﬁgelasE@vthg tiav@ngaged lfemen one
the associ ated™sl ot plat and attached support frame

ahengyhebsbubippaeéensngi;sposed within the respective
enl ar ged rtion, 13-, raqy r Qi &Rd
05 BYLH rebday, fAIPET @) b bhag st o

oper a ct's of an inpact between
ac¥ehlickartaavel nBgnerda theadway aad gereazdrly aligned

conprising: the energy absorbin St em havi a fjiyst
endmakdte 3666R42ERE. SPRE 9§’e€%’ﬁ%r T HE n&% er gayﬂ({

absor bi,ng 34at eaLdhsngoed adiAcent it 1 iy wddoming
the first end spaced therefrom a sled slidably

dirsgdied whrrehy Binr Smpest off cheedtistgy Hidbridisfirst end
system at ] east one energy .ahsorhj S
aits 55‘§e§%ﬁglt i ﬁe?zgé’lg%sa% tet%e&gl e asse%b?lyS"Slpatmg

€3Ch gReLG rRRS Yrbithe assatly hawngdtideastrioiens of
energy absorbing el enent; each ener absor bi ng
ehememtsdravd sl ORI [APSTEHgE &St Sngul ar

configuration with a plurality of

11. The energy absorbing system of Claim 10 further
comprising:

a first guide rail attached to the first row of
energy absorbing assemblies and a second guide rail
attached to the second row of energy absorbing
assemblies;

a plurality of panel support frames slidably
disposed on the first guide rail and the second guide
rail between the sled assembly and the hazard;

the panel support frames having a first position
spaced longitudinally from each other; and

a plurality of panels attached to the panel support
frames and extending longitudinally along opposite sides

of the energy absorbing system.

12. The energy absorbing system of Claim 11 further
comprising
a respective longitudinal slot formed in each of the

panels;

an associated slot plate slidably engaged within

each slot;
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openi ngs forned therein and respective | ands di sposed

bet ween adj acent openi ngs; each energy absorbi ng
wehermmas72di sposed general ly horizontal rel ativecraskdog/o41321

sled; 4 041321 6 6 the sled having at | east one

shredder attached thereto and generally aligned with

the openings in each energy absorbing elenent ; and

the sled having a first end d@acing onconming traffic

wher eby an inpact by a vehicle with the first end of

the sled,viidr calisee thecshspyldeecaonsti deth one of the
longitudinally Telative to each energy, absorbin

S este nduapolr i EEAPRE eCRi AbtPE ERREEYY #nﬁﬁem9¥ﬁ%8PE By
%@%S&%@gg %Qggé$€d§rgﬁépgﬁgdagg E@SEeEh?aﬁ§§09b§b§Qve to

e energy absorbing systemof Caim 13
et heFnepnpahgi ng: a pair of energy absorbing

assenbl i es extendi_.ng gener al l.ongi tudi nal |y f :
r oads¢aeh hhoRFHL YRR a€§8t|g¥¥FEE|§an8EFE§§€ %?%%ﬁ?%
the shr  ohachuding anpal £nef ababbs atedd seach pheltte
%hﬁPn§1§Q%§%8?§|Fggg?gnt, round gurfaqg aligned with
#hertBpdshandsassoetatieganpéniays be1 51 seRgag Rl qyrom the
absor bi ng _assenbl f_dlaim 13, fur ISl Fheh th
ppPRELRbRafdCh Biégnan?o%£§9%8ﬁ§r%ﬁﬁéféﬁﬁﬁﬁﬁiy ©
?Eggnphggg ext grdbpgebiongihtdi ralkl yefapemttive rar@uged

e first row and the second row of energy absorbing
posembhi.es spaced laterally fromeach other; and the

sl ed having a first shredder aligned wth energy
absorbing elenents of the first row of energy

absor bisng assemelriogs abiscrdingc ey teht cRRTAHS giedgninimize
%%Lhe%giggé of an impact between a vehicle traveling on a
roadway and a hazard comprising:

the energy absorbing system having a first end and a
gecond end;

the second end of the energy absorbing system
disposed adjacent to the hazard with the first end spaced
therefrom;

a sled slidably disposed on the first end of the
energy absorbing system;

at least one energy absorbing assembly disposed
between the hazard and the aled assembly;

each energy absorbing assembly having at least one
energy absorbing element;

each energy absorbing element have a generally
elongated, rectangular configuration with a plurality of
openings formed therein and respective lands disposed
between adjacent openings;

each energy absorbing element disposed generally

horizontal relative to the sled;
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absorbing el ements of the second row of energy
absor bi ng assenbl i es. 004/ 041321 6 7 16 . The energy

wahewroesng system of Cl aim 15 further conprisi RQTAUS2004/041321

sl ed assenbly having a first guide assembly and a
second gui de assenbly operable for respective
engagement with the first row and the second row of
ener gy absorbing assenblies.ed7 . The energy absor bi ng
assenbly of Caim 13 further conprising: a pair of

ener gy, aAbspL bi Ng, as§eqbl i 8ssspasedshatadal| yttraomedach
ot her; the sled ass%nbly indabIéBcoupled mfth ‘

mereyo aosdroengrattendl jonaddwé ht@ﬁeP8§né89§$E%E§ach

assembl y having at.le .0 ener gy absorbi ng el enent
%R%ﬁ%%é%b@%?%?g?lﬁl %?ﬁébn?gﬁ relative to thg sl ed "

assenphy andathevingdwayirds endhéachvogpnabydnsi fgaffic
system of Claim 13 where

FomrHy SOnbRPSES: DX BavPRbFLeuRNOR LG ANAE Srehsted e
%gégl%fil“ﬁ%ﬂs@aEﬂeogﬂ§éadék Least ;gee 1enefigydinally

sorbing elenent attached to each pair of supparti.n
béaasivéhEOSepphrEhagggeahgogbé@gdeEp@ﬁp§aé%u£Eﬁ%¥x@£%te

al | ow each shredder.to_e e I
5b§6FbFn@nSF8¥ERES%P8 HF@%?ggtégéﬁggggg'?‘nﬁfﬁgq?ﬁ%ﬁit
gisggge&egbﬁhéénaﬁﬁetﬁ%s@@&é@ﬁdﬂb@emhhg@.elenents

I sposed generally horizontal relative to the
associ ated pair of supporting beanms . 19. The energy

absor?hqg %%%t%gbqugéﬂégfkin@h%ﬁ@ﬂ%m of Claim 13 further
comprising:

a palr of energy absorbing assemblies extending
generally longitudinally from the roadside hazard and
spaced laterally from each other;

the shredder including a pair of boltg; and

each bolt having a generally blunt, round surface

aligned with the lands and associated openings.

15. The energy absorbing assembly of Claim 13
further comprising:

a first row and a second row of energy absorbing
assemblies extending longitudinally from the hazard;

the first row and the second row of energy absorbing
assemblies spaced laterally from each other; and

the sled having a first shredder aligned with energy
absorbing elements of the first row of energy absorbing
assemblies and a second shredder aligned with energy
absorbing elements of the second row of energy absorbing

assemblies.
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each energy absorbing assenbly further
conprises: 004/ 041321 6 8 a pair of supporting beans

wdieposgd7paral l el with each other; at |east oReETAIS200g941321

absorbing el enent attached to each pair of supporting
beans; the supporting beans spaced from each other to

al | ow each shredder to engage the associ ated energy
absorbing elenments to dissipgEte energy fromthe inpact

of the vehicle; and the energy absorbing el enents

di Sp0§§,d gﬂ{@ré&éﬁg%eﬁé@ﬁﬂ;m@l afsventof t (baaws06i fusher
pai r ‘of supporting beans . 20. The ene£g¥ absonging
symbens oig Ghe e 193 fas Pl oRpY 189 ng: LAEPF, P1Ce

shredder and a h q _ or
%ﬁ%&&mga%gs%n%?eéjgﬁ%ﬁ%&%t g%gg@??gﬁgﬁgﬁgﬁgs €Ber gy
20506 b Nge ebpympémant avhed ther Biostanavt edskeg second

assenbly slidably coupled to ch _energy absor bi ng
newerbl §nepdy 2PFBTRY 9f6?sﬁﬂ§g?5?hg energy to

mnimze the results of a collision between a vehicle

traveling on a roadway and a hazard conprising:,
i nstaltingTht érasgyopbserbigy é§§8WBﬂHg°§s§ﬂ%BWVF3

having at | east.one energy absorbing el ement adjacent
FOrtReT na2BPHL Wt t he at | east one energy absor bing

assenpl ¥ apdoat cheasty abeocabiagi asedmbidegy sarsbi ng
el enent” di sposed between a vehicle traveling on the
assechilvdfremdfayhaRiheRé hazard; installing a sled

assenbly, haxi 09.atih§ast 10AB19NceddaEa K match anergy
end o he~a east ofe energy
absorbing assembly; and

each energy absorbing agsembly having at least one
energy absorbing element disposed generally horizontal

relative to the sled assembly and the roadway .

18. The energy absorbing system of Claim 13 wherein
energy absorbing assembly further comprises:

a pair of supporting beams disposed parallel with
each other;

at least one energy absorbing element attached to
each pair of supporting beams;

the supporting beams spaced from each other to allow
each shredder to engage the associated energy absorbing
elements to dissipate energy from the impact of the
vehicle; and

the energy absorbing elements disposed generally
horizontal relative to the associated pair of supporting

beams.

19. The energy absorbing system of Claim 13 wherein

each energy absorbing assembly further comprises:
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absor bi ng assenbly opposite fromthe hazard;
andal i gni ng each shredder of the sled assenbly

woni@cgd7general |y normal to at | east one enePQy/US2004/041321

absorbing element . 22. The nmethod of C aim 21 further
conprising installing each energy absorbi ng assenbly
wth the at | east one energy absorbing el enent

di sposed generally horizontadgrelative to the

associ ated roadway. 23. The nmethod of C aim 21 further

CO”Dfiﬁ%gggi§%t§&§§@£tfﬁ§hb§£ﬁégaigpégéaipgra$Sembwyth

with 3 ast  ‘one energy absorbi ng el enent
shswosetegeneral |y vertical relative to the associ ated

roadway._24. An ener absor bi y e
e e e 3
£9 réglfgéftggp Bet dMgabsanbi; ng system having a first
end an

d a second end; the second end of the er
absor bhagswyeeshidgsheasd &apEEEntTPY £ARE hggglre&g %"t gliow

the first .end extendi gi kRakky the @Mscaxbing
SRce §§§%ﬁ§?§ g?iggg%ggd#g%oééggg?gkinate F%grfirst
enamehit kheoedesgypabeoehengysfsbenths prpaarti Of dhe
panel support frames slidably disposed on a first
gahé@lﬁaiﬁnﬁnd a second guide rail between the sled

aSSG“’gh% and Lhe hazardngt bechenel supposted mmmesally
space ongitudinally fromeach other; and Iura“ggy
obrpanelsraltadired too thise 258061 a5 &4 Pzﬁe{”% g

extendi ng longitudinally along opposite sides of the
BREM§y absorbing system 25. The energy absor bi ng
systens of Claim24 further conprising: a first row of

:ng%ioﬁgs%ge;%ﬁ%;egﬂsi@%%d@ ee(%no% r(ﬁvgtichfl e Pher
comprising:

a first shredder and a second shredder assembly;

each energy absorbing assembly having at least one
energy absorbing element attached thereto; and

the sled assembly slidably coupled to each energy
absorbing assembly.

21. A method for absorbing energy to minimize the
results of a collision between a vehicle traveling on a
roadway and a hazard comprising:

installing at least one energy absorbing assembly,
having at least one energy absorbing element adjacent to
the hazard with the at least one energy absorbing
assembly and at least one associated energy absorbing
element disposed between a vehicle traveling on the
associated roadway and the hazard;

installing a sled assembly, having at least one
shredder, proximate one end of the at least one energy

absorbing assembly opposite from the hazard; and
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the hazard; the first row and the second row of energy
absor bi ng assenblies spaced |laterally fromeach ot her;

weaais/oeser gy absor bi ng assenbly having at | easPCOmS82004/041321

ener gy absorbing elenment; the sled assenbly having a
first shredder and a second shredder nounted thereon
and generally aligned nornmal to associ ated energy
absorbi ng el enents; and the sbed assenbly having a
first end facing oncomng traffic whereby an inpact of

a Vehéfi?nmhéheéeﬁ Ehtebaepdosf thbe sskdd aaseeaillyy oriented
results Tn each shredder dissipating kinetic qg%gy of
d

gémevahlyl sopyathtedakbngepstt PBRs SBETENe SRSOS

ener absorbing elenents . 26. The energy absorbing
§§§ gﬁFof claim?24 further conprising: a respective
| ongi tudinal slot fornmed in each panel; a respective

slot plate slidably disposed wthin ch slot: .

sl ot QBateTbécWEEPQdaPFagaé&@wgﬁhf&ﬁgiﬁg fﬁgmﬁgﬁ%$$b
%ﬁg?%iﬁikﬁag§§ht%ngkb WaslsloHoNGig la@R@intHadi Ralt HrokesTeatt
0 € panel support “frane and the associ ated pane
Lehati veet eneagly ebserbiagd edsvientosgisnrfathgsnsially

havi ng an_enl arged portion w_th di Qs lAF ger than
Pﬁ€1§§§6@ﬂaF§gagﬁgF %Fb?%@Z??%&é%éﬁ%% for absor bi ng
energy to mnimze the results of a collision between
a vehicle traveling on a roadway and hazard

conpr 28i.ng Thiengeahioch@fa GIaLm G drBiiPal<dm 1y ™9
ass l.i.,es adj acent - '
SRR, R sl R e e
ebarBNSe iotsirafy iargcartsired edssent yAIRnASRA SREFIHTY

shredders adjacent to one end of .the ene absor bi n
vertical refative to the a38001ate§3r0aéég&. 9

24. An energy absorbing system operable to minimize
an impact between a vehicle and a hazard comprising:

the energy absorbing system having a first end and a
second end;

the second end of the energy absorbing system
disposed adjacent to the hazard with the first end
extending longitudinally therefrom;

a sled assembly slidably disposed proximate the
first end of the energy absorbing system;

a plurality of panel support frames slidably
disposed on a first guide rail and a second guide rail
between the sled assembly and the hazard;

the panel support frames spaced longitudinally from
each other; and

a plurality of panels attached to the panel support
frames and extending longitudinally along opposite sides

of the energy absorbing system.



assenbl i es di sposed between oncom ng traffic and the

ener gy absorbing assenblies; and aligning the sled
wazemmesR7and the pair of shredders relative tecrhs2004/041321

ener gy absorbing assenblies with each shredder

oriented generally normal to the energy absorbing

el emrents of the associ ated energy absorbi ng assenbly.

28. The nethod of claim 27 fuother conprising

installing each energy absorbing assenbly with the

respegti vereRe gk -ahs abliohe i ele Rt FFOSEGin 24
generally horizontal relative to the roadway. 29. The
frerhbdrotovpaiigi2® :f urt her conprising installing each

energ hsorbing a Ly w Spechive
absoréi %drglte g’t é’ﬁi%g%g gd a%%r?er%ﬁ vert | cgllé‘snedrgy °

E&kahby e oo dfheneaagnalpscib.indn seremipl i etierfing from
Sééten1operable to mnimze the results of a collision
5 peewdagagdiehicle traveling on a roadway and a hazard

conpr itgliengf:ixtsh;e L aBSOrdidiehs wdwe b hadrgya dbsstbing
end and a second end;the second end of the energy
absenbilig ss ysteeradlilspesed ladj rwntead tH ¥azar d wit h

the first end extending .therefr ' fo 9 g8t
rail seé&%er?d"rerﬁyb&hﬁé’&%% afslsregtt%le&ﬁci o%fl%%eaener g?/ one
bSOl NG swsi81y andkatdit: ;second end of the energy
absorbi ng system a sled assenbly slidag%¥ g%sgoseg on
10 the guitde glxd fagephliptetiig 13 ristTThFRHFCERe: e1er o
absorbing s Hddet PaNehestPROIY A18gREd
ﬁqc&ﬁﬁ fq&%%%e?gdmgﬁwt#{eaégu% de rails Detween :{,he sT ed
ayel Ytandsddel seabrehenly absdrb bnergienesbs bi A5
;g:f telnf]é'het hselgf?naesl"sgn%lpygrﬁa\;{r?geg flz\:/é’lc’]gelqdf féé.ang oncoming
traffic whereby an impact of a vehicle with the first end
15 of the sled assembly results in each shredder dissipating
kinetic energy of the vehicle by shredding portions of

the associated energy absorbing elements.

26. The energy absorbing system of claim 24 further
20 comprising:
a respective longitudinal slot formed in each panel;
a respective slot plate slidably disposed within
each slot;
each slot plate securely attached with one of the
25 panel support frames to allow gliding, longitudinal
movement of the panel support frame and the associated
panel relative to each other; and
each longitudinal slot having an enlarged portion

with dimensions larger than the associated slot plate.

30
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spaced longitudinally fromeach other; a plurality of
panel s attached to the sled assenbly and the pane

weuppmes72f r ames; a | ongitudi nal slot formed i npeaais2mi/ 041321

the panels; a respective slot plate slidably di sposed
in each slot; each slot plate respectively engaged

Wi th one of the panel support franes to allow

| ongi t udi nal novenent of the PWanel support frane and
panel relative to each other; and an enl arged portion

f or meckpr oxi madtthah s taessrient oéneagh tomginmuiiam the
slot to aIIOM/reanaI of the associ at ed pan ion1t
§ & Farfd @Lﬁﬂ&?tbﬁ’?"&?@f%ﬂ’%ﬂ}ﬁjgea %ﬂ? fgg on a

‘i{)&i P14 th ﬁahz%ﬁie(g? §; 31. An energy

|ng syst em oper abl e to n1n|n1ze the results of a
col | i sirostdiet iveera a)anelhl@ﬁ eetheryel aln@onlnuagr@aamlylaﬁe

T T/ 20 4/ 04132! 73 at
S BT et rendiafiob8BERI0S

d\} rhé‘&lrlxg?ae‘@és%tﬁé@ I §hye Bhp$ O£ BEBgb ehgnebeéments ;
attached to the supporting beans; the energy, absqgrbing

systewnﬂﬁﬁ@1kﬂ@9f@r%ﬁeQHﬁF%ﬁmP%Ys%%%h@geﬁdpaéﬁdofhe
é%g %éﬁm§%§y§% §B9§qgf2$*3 %H@r&?eégﬁo§b1ng

|ng e I ng gener ori zont al
r&ﬁéﬁmb&nés)diﬁpdﬁéﬂwwatwééh aheomnaggyraﬁémﬂbang the

systemof Claim 31 further co r|S|ng a plurality of
I LR PR rP%%%‘FPh]sh%%o fig beam and

¢ ?fe[rgf]fpf@ﬁmg opgy @;gédf@w&ﬂbw £aghtRaepgyrabgoehiregders
relative to the energy absorbing assemblies with each
shredder oriented generally normal to the energy
absorbing elements of the associated energy absorbing

assembly.

28. The method of claim 27 further comprising
installing each energy absorbing assembly with the
respective energy absorbing elements disposed generally

horizontal relative to the roadway.

29. The method of claim 27 further comprising
installing each energy absorbing assembly with the
respective energy absorbing elements disposed generally

vertical relative to the roadway.

30. An energy absorbing system operable to minimize
the results of a collision between a vehicle traveling on
a roadway and a hazard comprising:

the energy absorbing system having a first end and a

second end;
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a plurality of nechanical fasteners respectively

extendi ng through the holes in energy absorbing
wehemmag72and t he correspondi ng hol es in the suppomsS2ovg041321

beans, - a doubl er di sposed on each energy absorbing

el ement opposite fromthe respective support beam and

a plurality of openings fornmed in each doubler with

each nechani cal fastener extznding through a

respective hole in the doubler. 33. The energy

absort%@%éé’%ﬁ&@@ St aiwa 3ndpgt hebscoppngsspgtewach
ener gy absor bi ng el enent haV|n% a_generall% egonﬂ ted
Jasiengll aij zoait gu atherhazdraedith paet ThyS st

Iongituding% edge and a second | ongi tudi nal edge; a
Tirerd IRy B2 S¥8bnd row of openings forned al ong

each é%ﬁ@fﬁtéﬂegﬁiﬁétréﬂngiémdéndﬁngdgetuﬁgns§b§n§1rst
| ongi tudi nal edge of each ener absor.bi | t £
andl4i824hg dnarglii pESPHRLBE 6§gﬁﬁwg§nﬁﬁ%ﬁg|§ﬁggﬁﬁ end o

i sposed th n ghRding along the |ength of
g%%he%%ﬁgﬁygégggéﬁﬁﬁgsg%gnent between the first L%W 1
and thestegoadsenwlyf sbpdabhysdispaesethenefbfggulde ratLs

absor bi ng system of C gi m_33, wher ei ?E%H ' ;

praekénakEs Fé?tﬁéFSEoﬁﬁai§5:§gep &%3@?%%%5 eg@:%@?tem

boItsas§gﬁgghxt9ng§gggnﬁntaupgsmecﬁkmﬁeﬁob@idabhﬁua
ng

support eans; and di nensions of the h agiess Q@l 4
amdpbeeﬂeoniveeoBgnﬁﬁggaﬂéﬁwp@tmﬁephghﬁ 5425 S S ff;an
t he secogg row of h _energy 4 i &}t
EBPeEEEa o B! S ?%%tgﬁliﬁg and rené%?n. each ener gy
absor biheg pahere riuppictto Eratiese Mgatieyee # gthgposition
headl ess bolts from.the associ%{eqﬁ§qpporting beans .
spaced longitudinally from each other;

a plurality of panels attached to the sled assembly
and the panel support frames;

a longitudinal slot formed in each of the panels;

a respective slot plate slidably disposed in each
slot;

each slot plate respectively engaged with one of the
panel support frames to allow longitudinal movement of
the panel support frame and panel relative to each other;
and

an enlarged portion formed proximate an upstream end
of each longitudinal slot to allow removal of the

associated panel from the respective panel support frame

following a vehicle collision with the sled assembly.

31. An energy absorbing system operable to minimize
the results of a collision between a vehicle traveling on

a roadway and a hazard comprising:
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35. The energy absorbing systemof Caim34 further
conprising: a plurality of bolts wth heads engaged

wonods/ocgrpecti ve holes in the first row and t hecsaseomdo041321

row of each energy absorbing el enent and respective
hol es in the supporting beans; and at |east one of the
headl ess bolts di sposed between the bolts with heads.

36. The energy absorbing systemof Caim31 further
conprising : at |east one nut retainer securely

engaged ﬂ%&QtQ§§@ éMQBQ%téﬁ@opﬁﬁﬂéoﬂﬁgéﬁbEyfhanﬁhbea pair
associ at'ed energy absorbing elenent; a nut dis oseg.
¥ thippercing ubears aiheh ; aandeast naieofBrPEBY e 3PFOT OIS

receive a bolt extendi ng_thr h_Qn t.he openi ngs
@*?W%%ta%EB%?%?gdt%ng?%yS%B %?gpﬂg gﬁgﬁght to the
securghy £REagedabbereiatgyyebenr hangngl enéirsk e Rad a

supporting beam 37. The energy absorbi ng system of
©aond 3éndherBdn the nut retainer further conprises :

a platge hayi a y ngykabseanfiigt alicorenergy
W th ﬁﬁﬁeﬁ2F2§¥ %%%%g??b%esgfgﬁ%a?gg%hnenp to the
a5568bahgdesuppatt ergebdany gehiersd liyoheTdizspssed Y n

the retainer plate and a second hol e disposed in the
relaFa¥e pPaf8e FREY'P¥st hol e sized to receive a

first nmechani cal fastener extendi ng through the

associ ated energy absorbi ng el enent and su rtd

beans 32 .andhehensegyn @OFOrP 159 &Y & é’déi%sléﬂﬂﬁg)’glcofn%gcher
mechani cal fastener extending through the associ ated

EREPYy SabS6r bi ng el enent and the supporting beam 38,
The eRerdy,@hSeRbioTy cpystienysoff dBinsicn 37 dagh Happorting

peam and corresponding openings formed in each energy
absorbing element;

a plurality of mechanical fasteners respectively
extending through the holes in energy absorbing element
and the corresponding holes in the supporting beams;

a doubler disposed on each energy absorbing element
opposite from the respective support beam; and

a plurality of openings formed in each doubler with
each mechanical fastener extending through a respective

hole in the doubler.

33. The energy absorbing system of Claim 31 further
comprising;

each energy absorbing element having a generally
elongated rectangular configuration defined in part by a
first longitudinal edge and a second longitudinal edge;

a first row and a second row of openings formed
along each respective first longitudinal edge and gsecond

longitudinal edge of each energy absorbing element; and
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Eo?prising; a keeper plate attached wth the nut

etainer plate opposite fromthe supporting beans; a

woizomstocend of the keeper plate securely engage8CHUS04/041321
the first mechanical fastener; and a second end of the

keeper plate disposed proxi mate the nut to rel easably
hold the nut in the retainer plate.

74
a third row of openings with lands disposed
therebetween extending along the length of each energy
absorbing element between the first row and the second

row of openings.

34. The energy absorbing system of Claim 33 wherein
the mechanical fasteners further comprise:

a plurality of headless bolts securely engaged with
respective holes in the supporting beams; and

dimensions of the headless bolts and respective
openings formed in the first row and the second row of
each energy absorbing element gselected to allow
installing and removing each energy absorbing element
without disengagement of the headless bolts from the

associated supporting beams.

35. The energy absorbing system of Claim 34 further
comprising:

a plurality of bolts with heads engaged with
respective holes in the first row and the second row of
each energy absorbing element and respective holes in the
supporting beams; and

at least one of the headless bolts disposed between

the bolts with heads.

36. The energy absorbing system of Claim 31 further
comprising:

at least one nut retainer securely engaged with each
supporting beam opposite from the associated energy
absorbing element;

a nut disposed within each nut retainer; and
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the nut operable to receive a bolt extending through
one of the openings in the associated energy absorbing
element to the securely engaged the energy absorbing

element with the supporting beam.

37. The energy absorbing system of Claim 36 wherein
the nut retainer further comprises:

a plate having a generally rectangular configuration
with dimensions compatible with attachment to the
assoclated supporting beam;

a first hole disposed in the retainer plate and a
second hole disposed in the retainer plate;

the first hole sized to receive a first mechanical
fastener extending through the associated energy
absorbing element and the supporting beams; and

the second hole gized to receive a second mechanical
fastener extending through the associated energy

absorbing element and the supporting beam.

38. The energy absorbing system of Claim 37 further
comprising:

a keeper plate attached with the nut retainer plate
opposite from the supporting beams;

a first end of the keeper plate securely engaged
with the first mechanical fastener; and

a second end of the keeper plate disposed proximate

the nut to releasably hold the nut in the retainer plate.



