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FLARED ENERGY ABSORBI NG SYSTEM AND METHOD TECHNanugry 2007

FIELD OF THE I NVENTION This invention relates in
| to energy absorbing systens, and
woz&gﬂfil @ul arly to an energy absorbi ng systleérlnﬂgézggm?"gss
reduce severity of a collision between a noving notor
vehi cl e and a hazard | ocated adjacent to a roadway. 5
BACKGROUND OF THE | NVENTI ON Vari ous i npact attenuation
devi ces and energy absorbing systens have been used

t 0 pr Y AREIPENERGYCABSORBING SESTENM AlgDMETMEDCO! | i si on
bet ween a novi ng notor vehicle and a fixed roadside

hazard or obstacl e. | es of prior inpact
T_TMEET%OHEHE“WMEO energ)e absorgTi)ng syst enms
| AU G e 3 nelgtug»%ogeaeﬂr 157 & %Ho'rﬁ%% %%t%ﬂ Vaid Qbbte
contain

structures I ners havig crus Penent s,
particGladgro an aratgytﬁsurbmg systeai ysedto nedle:eisewnt}mfcawlhsge hetwztres

ted d
mov{ AT V6 B DRt st BAHERE covi ces and.

systens have been deveI oped for use at narrow roadsi de
hazards or obst acl es such as at the end of a nedian
C . D OFpIHBINVENTION or extending 15 al ong the edge

ghd \g&y +&E&Q SRSl R P B

ars or center pl ers
io prwbﬂtmruaduce Kialniegm resitingnitone aeoliiyioatbsbrdon agnayeg woter uehicle

and alﬁgﬁeég | lgeeg I?ﬂzarldyr lg z{ﬁger xggpfg%mr%%paésﬁat e%agm%n dgvmes and

energy @bicthife avktbntiiclader didh GuioDE of CrastpbETIérs aﬁmdmnalsedumﬁeh
t he roadsi de hazard. Exanples of generaltsf ose

and qopiginets havingneraghedln SREEEe sORP CXSRb RAFIFT Psttigrforces
gencr%gd whitthateafl §ﬁ/a{ éstsbﬁﬁs Nﬁ:él'éﬂ%d%‘lﬁﬁé ket 1TBBYGE energy,

t enuati on stem U.S. Patent 4, 352,7484 entitl ed
Sl¥enne oAmsmmmmvemeﬁdev@gpemom simarrgyy Sradside

Patent 4, 645,375 entit Sat onary
by PERRAFIeR A B e it hs woniph bR oot FR A hrcr ctepding
alongF@éiéld/@)bf b GRiRay, 14k eigh b adj z@éﬂfﬂs |a&6adi)\fay,5%ﬁﬁ(brﬁge ﬁiﬂ@i‘s or
stati onary ener y absarhi ng systems are shown in

centeppiersnSugh gaheR dpdcss endhPrersy bsebing syEpmsrae i’ﬁSWgP‘i
ﬁum@ 7 ﬁ%ﬁ l:

n aﬂ%@t ruder ere%tﬂ%} g’ﬁmﬁ &ga@?l :a!;‘rrpwta‘%:lt%g g%l e&gt%fl c])l}]lpacung

vehictbemi ae;sstantxhraawrquymalu%eomm@ with sheosdsidsdeopd.i ate for

v areps” o el 1ot BRPERp Yo BOLE: BHHAT S, e

5,011B326 re@ibitl DG B ShriBans smﬁfﬁr QuankiGasystar;, UL, E‘ateﬂ?a;asmms4
5,199, 755 entitled Vehicle | mpact _Attenuati

entile] Sheadeaam ] Garprawion CHETED ARG L TR AGHS 3 Bosntided
Stati n%gg#@éégﬁ??@%}% S Vef?ﬁ @aﬁﬁéﬁt 3449987 %e&ﬁb&cﬁw‘a?@npact

Attenuator. Examples of specialized statzonary energy absorbing systems are shown in
U.S. Patent 4,928,928 entitled Guardrail Extruder Terminal and U.S. Patent 5,078,366
entitled Guardrail Extruder Terminal,

Examples of impact attenuation devices and energy absorbing systems appropriate

for use on a slow moving or stopped highway service vehicle are shown in U.S. Patent
5,248,129 entitied Energy Absorbing Roadside Crash Barrier; U.S. Patent 5,199,755
entitled Vehicle Impact Attenuating Device; U.S. Patent 4,711,481 entitled Vehicle Impact
Aftenuating Device; U.S. Patent 4,008,915 entitled fmpact Barrier for Vekicles.




22 January 2007 2 Recommended procedures for

eval uati ng performance of various types of hidﬁ%ﬁ?ﬂmyzog?

saf ety devi ces including crash cushions is presented

in National Cooperative H ghway Research Program

(NCHRP) Report 350. A crash cushion is generally

defined as a device designed to safely stop an

[ | gt
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safety edeyioes intludidg roessl icyshiongris presentadeidi Nettonily€ooperptive Highway

Reseaﬁc% d}-"rogpa{m Zﬁ {%]P)S R epcortS 95’ (g 2 Ic?]asgeﬁghg eg %e%er%frfgtd%hgeda&da

m’'a nose
dev1ceo Hestzmed of satﬂ‘,l_e sﬂ:p&ﬁhu@ﬂ@thgomhfcm:wnmn andmivds‘lg shaorafifstaace.
t d|n a roadsi de hazard. Nonre HgCJve I ash
 NCHRE, &Ptfhs & {ffaet oEDn A PmS aify Ly cegrave o

nonrédﬁbdti%’e A ﬁna&hw@aﬁcmﬂﬁ&ﬂ RARiEAAND Eofaik A re@iect NOehicle
crash cushion. Redirective crash cushions are further

impacingadayrEiE fom e Rase or erchef tg orash cushinnglasing gneogung w§e

extendthe9@dh raqo SRS Rafhib 'Noﬂfbdirécu%‘ %a%?é]ls%&daré QeRd0\% contam
control I ed penetration of a ve during i npact

and chpsergeervehible impoetingf dqwtrems&pm ubhinose efnthet ¢resh cushion.

Red1re%? Q%Qrgslhn Xgrfms a en@nﬁer% (?F% 1 %dag &%S’[%}I)(‘)‘ﬁat?ﬂé “%)fgglf)%%%g%ghtdgvﬁgs\?e

A gatm@dlaﬂemshlan is onpa rla;ﬁgnlad td A wadontig]led tpsnettidnr «f al vehiglichduring

RY(J:T (J\Iln ordance Wi t h
impaci RS RATSC O FESTA B BBRERS [ SREOS CHiFAOCAEA LG
of the2RfhsIRARiEHBA asHeRinat BdshMchdhidi &Y Ui ENET Bive 2REREHLNT
systens and i npact attenuation devices may have been
capabilifiesalongdts aptirglepgtBuced or elinminated. One exanple
enbodi ment i ncludes an energy absorbing system which
rmy be | nstal I ed adj acent to relatively wide or |arge
AR VA% Of prot ect occupants of a vehicle

coI I| y n
L BERL gt S SR S R e
and praslsmmaésycmﬁi Grhh @resrﬁiup 3h@gy 2ROMirGysybteRs miabtcdte:matmn
npact i n%ﬁone end, of the system op

osite from
demef 6%31?% e spibgfantiaify, gediged BhFigpatet 3ng FHemples %&4&1@

includ @ ASEP GhsBIbRE HARE WhKHRRS e 1E£tﬁﬂ-ﬁ %dﬁa&én{ RAbh@fly Ride or
vehicl e i npacting with either sid the system At

large rp@aléﬁ hagaygs fa prefctobeuphets phi @m@m@mg tcolhwrawé sugh @oadside
hazard? g s %&n%ﬁg?%idﬁg gg%s? éﬁé‘? %gcgrglkggésé{rﬁbl% thgp%‘:cﬁssﬂa%f%?r
" energyAlinoh Iaezehebeampioﬁn@ minoehidna| rllle sysehmj:@ssuprfmm d raagsidhazard.

ener a ste havi n pl ura of nel
The s3{e51 by P AP IR GHL R SIoRAIeE ot ot frctes p aBEes o
vehicl D BAPAEBIE With EifRESHE ef th@zsggt&n anfleaR Gopia Jf1ted parkl support
| east one set _or group of the panel support franes

Tramespnd ppRsttemay beeflargsieor slivepepitive te sardeiber & aceompodaty wide Rr

large Q4B hazAlis| €St another set or group of the panel
support frames and panels may be securely di sposed
Another example embodiment includes providing an energy absorbing system

‘having a plurality of panel support frames and panels which may be installed between a

roadside hazard and oncoming traffic. At least one set or group of the panel support frames

. and panels may be slidably disposed relative to each other. At least another set or group of

the panel -support frames and panels may be securely disposed
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other. Wien a vehicle collides with one end of2%Jgguary 2007
ener gy absorbing systemfacing oncomng traffic, the
first group of panel support franmes and panel s may

tel escope or collapse relative to each other. The

first group of panel support franes, associated

panel s and ot her conmponents of the ener% absor bi ng
relat1v§ );g tcash %@; %@B@r wahicle Gellides omithonst endy of (He SpE8Y Bbsorbmg
systenk( & oﬁccﬁﬂﬁé el ffrg%rédﬁpﬁ%ha Quﬁ/}ﬁ)pt' fdrSes 3R pRIAVInLL
deceferation wthin acceptabl'e [imts to minimze
telescapaj Q!rgollame od@uup;anot eachpiotter. rillehirst griobie o€ pancf tvappysinkimes,

s and nel h
aSSOCIQI?(E z}nean Ot er COI’I‘l %ﬁ%{% r(l)g 6@[‘% taﬁgorﬁéﬁg Bgslie%rl %Sgﬂ %gbe?a@é:
with &yh;tcﬁlmr tio ahsdsrechntetmh Edr®s f:amayhef frm:nfcﬁﬂge veloae sind epr0V1de

hazar d. and ba iﬁaonto t he. roadway foll ow n

decelefSiBREN{Y oeAR IOy 5y IS PR (o SSppatts Wi Rl et
The pa@hy %ﬁ%}%ﬁ:eﬁatﬁ@s iﬂaepzﬁléﬁrfﬁi}ealm&ﬁﬂefmﬂﬁﬁthl da6h WlRr and other

providing a relatively conpact energy absorbing
composlylstf ehihsarpigy ahsarbing apitem g direet vehiglet Ao Haghe Toadside
hazard £1d%dck Shi% thé %a@%y %lgﬁvﬂié) Q@ﬂeqﬁl D2ZafH0%e AP Ab&rbing
areas. Energy absorbing systens |ncorporat|ng
Syﬂﬂneachlngs of the present i nvention may be |nsta!led
ka5 TR Lol RN, GonfeRbl AL ARy
‘_compaf:ie El&fgwﬂisyrbirxngy@@ﬁﬁ havitgi mgamm/emth @ atcommiodntic aklativiyd
ces at, are wel | wn to. the hi saf et
targe, [widk, 3@}3 Eﬁ?é"dﬁ 86157 @fe%Sy Loy éem?lﬁ%§9%tﬂﬂ%v’§?ﬁpefé¥ng
teaclrm@és fo eleraentaRebnHE Y ba RSRNIRI REh ciRE @f?{hﬂléteﬁ ok RgimrddiBe
hi ghly predictable and reliable. Panel support framnes
configgigtionsakbs snaigyy absgbinmaystem way on frlsicated ok relefively low cost
using g@%ﬁﬂ%ﬁﬁ%&e@@ grtopesg)efs tR4l a@é%ﬁ'lﬁa xq td %dﬁb]%%yhﬁ?e@f d

tenporary wor A crash cus i on
industgyr G creshltizigt $ysteul t:mplblaesemao@yva lssaatipiin gnde Iemrgm tebsortzing

rechniges Bgt 3 e BRPRD R eB S g APt s P B gls mey

be ins@NEDHR RGatidnabfdcCommbRiteSPAGHNY oBlanas@kRtddabaira lhhed or
first set of panels and the second set of panels nmay

tempORE YHK2E8: based on the width of an associated roadsi de
hazadsH cdnioR Ay be%@&W@édWﬂthHﬁﬁlﬁ@E @R@gea&afaﬁ@ ehdntanﬁssa st
the energy absorbing system The energy absorbi

- set of pinshsemntd ¢ seeopd solopareatle dmmsm ediadenidy wea rqaéSldﬁ hf@wd facing

' h t

onconsf A Thi o @FR 458, oEREER 6 Bt 38 of BB Bl h0scBond s

of paneBOs/ beevéricdrbatddeor tirdeidtheo! dmazasdhted-mudadahpad, witlvet

cra cushi on ude a f| rel vel ft,.
reducif S gL CTRBUBFLO1 o ST ES PO Gy e TH ey ghicrbine
clemed€ Ma§ | B8perale RIM0ERh ReHek it® AW tBryiRCihe asREntS ddcBlesSon

and a third or final portion with the greatest anount

appliegfo & velfigle dmpacting appsendf| thepgr@qh ¢ushjgn opposite from the roadside

. hazard. For example, the crash cushion may include a first, relatively soft portion to

absorb impact from sma.ll, lightweight vehicles, a middle portion with increased stiffness
and a third or final portion with the greatest amount of stiffness to absorb impact from
heavy, high speed vehicles.

Further technical advantages of the example embodiments may include providing

 relatively low cost crash cushions and safety systems which meet the criteria of NCHRP




heavy, high speed vehicles. Further technical

advant ages of the exanpl e enbodi ments may i ncl2éianuary 2007

providing relatively [ow cost crash cushions and
safety systens which neet the criteria of NCHRP 22
January 2007 4 Report 330 i ncludi ng Test Level 3
Requi rements and which nmay be installed adjacent to
Reporg3 I?figoﬁl{n&l}{ T\gért q.%\ﬁ{} %ﬁg?@%ﬁﬁgg@mﬁ#@%ﬁém%ﬂ& Jdﬁa%ént to
relativelyshide roahadﬁ gardn sehes fiye &bt cighi fegt asme rmﬂieyrequlred width.

ncor por,ati ng teachin of the resent tion
A g CREBR IR kR G ROE B He R, SR AR R oo o B
presen@ ifventforn@lly bé eitisfatiorly dsed @ind HAFshndatict! E@mchtifahe amNBIMPy
absorbjng systemmay be easily installed oper at e

sensitive, 4, seldedr BRI Heainsee, 2birbingyetem wy%&w*%wﬁﬂfﬁ

operat&) ﬂﬁ)‘%t@d a§a< Infatﬂtmed FHP RAdm HayCRNGGHIE BRASW oclesdsqng
assenb gs)act attenuati on'devi ces and a basic

asphaléw‘eqogyreteanbéaaﬂ? drysemhly efimpad aﬁ@tuaﬁ@qdnvrcéﬂandedwm ymergy
t e

s FPLARSE R SeP Rl M) AU Sy bBYFiBS gt PR

repair @fier ﬂuysaua:wlsltsemhdcsrdeemsadtg/ Hhieritatiomaf eazsnlalcmsh@iyon‘ agsityhigent

m the effect of a e.fromnuisa

mater{s o he niige By st Phiw BRRRS SR DU I A BTGy
impac@ harhd dgshsysiem may be forned from at | east one group

of panel sup,oort frames and panel s sI i dably di sgosed

r BPAOFREE 2DEPTRIGE KYTRIM &Y diRdiosntt Fem & leastorst 2ropm Ak panel
suppor? lfﬂ%ﬁl@& bind %ﬁ@ﬁ%h&%ﬂ, BgRetSrenive b SeRSHRE hd ARiHPEroS) bele

relative to each other. The panel support franes and
panel pnert Srames/angepapde which gerarallyf docnad ﬁlldleyrehbsqntobcaelhethgyThe
panel lu%ggpt ﬁ’aﬂggodﬁl\éﬁlgﬁ I%Lngé) Ilsex?(p %/aglrsﬁgtalgl?{aa# f)@lger Cfr %q“de
vanetysmﬁiehjclep acltiding mdt'hrm\beergﬁ abmgnlu% sybtehm at nmams anglél'seﬂdflﬁmmgl
) benefi s of th ﬂ?ajﬁg)(ie enbodi nents i nclude an energy
side impaets P Ry ersE JRAIE NS WPEmy be used with per manent

r tpaﬂhﬁicﬁheba@ﬁ@rﬁsm@ lexifBile REnbBABIch HBMEH ak By ABIbing
nporary location (first work zone) to another

| Systemt @ﬁtpfaﬂabeyuﬂeé S nSFmanER ERSidR bRTards s reay, be/sasily mpsr! from
one teﬁﬁsm Focgtfg?loeir rk'z@ﬁn%’] ch eaﬁotﬁelc{eﬁlgpmg)“ﬁ)ta 1R (}Q@Uoﬁmb Wiy
used to mnimze the resul [P ston
Zmlﬂ)betv\/een a vehlcle and a roadsi de hazard. The crash
cys rg) orbln asse
CHLER Aol A SRR SRS B AR GRRT 4R 388 cfed 1o
minimizB @hcCreasity fus&yliyion H&t\péeufaa{rdhlcﬂ{e afd pacadside Hﬁ}irdb&“he crash
Iocate nafirst side of the energy gbsor in

cushloaéaaémm Al DR FYSGRRE PIFIRbLY jentengine fif 3 &ipst d%r?cge? f1gp. 2

first ent 6t tRABBYScushibR! £ 5&?&11}? €SS PR Abcalell QN LI L e
wth the first side he panel s"may have a first

energys gsorting tapsgmblya pxtoediege erastllyy infithep dietd disgetign.f iThe tpanels
prefera%w %&E@ﬂp‘?j& i%lﬁlg ViR RSGHn hR ﬁr?cesuié. L panels may have a first

section that may be generally disposed at a first orientation with respect to the first

direction. The first section of panels may extend from the first end of the crash cushion to
a location along the first side. The panels may have a second section extending from the
location at a second orientation with respect to the first direction. The second section of

panels preferably intersects the first section of panels at an angle.




direction. The first section of panels may extend from
the first end of the crash cushion to a | ocat?dfenuary 2007
along the first side. The panels nmay have a second
section extending fromthe |ocation at a second
orientation with respect to the first direction. The
second section of panel 8 preferably intersects the
first sectlon of panels at an an% -------------
2 For sompaRpliotiions apoptiop of dhe I seqlionof @ﬁ%elsambb hyeoh fist
d1vergteﬁk% fhdnh Ble B9CditeOBbnCfnd RANGLS, FBYHo '@ Be Sechhd Shtion of panels
di vergence fromthe first direction and at | east
may hage tai weondf divétgense dtond theelitst diveatipn.pllrrefisst dwalggemV@asa be
unequPEORY AR EEIER AR WP LAhS bodllh B1R0: B0 ubihdst
ver gence he 'seco | ver gence.
movea&[mbset:ﬂlml thﬁtmm'eb meﬁallpm thé ﬁrsadﬁedcaomyem tl‘i@érlﬂ:@ ahsorbmg
ve ub e(¥|on t t nov ne{ he fi
sssenfy G0t G Dan b tend s RBC G osrelt i) Jroripiuds

fixed duBgeclibd with Bhe @FEdbR bubsBGorS@GRBE a6t loTR: Bt PaLeihs cfmu
also include a fixed subsection with the noveabl e

cushiog thanthe fized gbisbaed pipghrofingnglhmay pise pe logetedpn f feeond
side OPfh@%Herggf HRBiAE JSMI); Spolitein %Qﬁ'ﬁcsﬁde%tenﬁng géﬁeﬁallllytlﬂ

anel s may al so be Tocated on a second
the ﬁrér@n@wnaﬁmemndqmﬁ eatslsymaplpodispoecd asprmeine Wﬁtﬁlrrme@ itele

generally in the first direction. The
ﬂmfh&éh%%gb 5e of panels may be di sposed asynmmetric with

r &“ﬁ@ exmnpﬁea embdddménty Biky Sicfleleih dpamnelabsorfihe seranial kmit or

odi.nent s nclude en r bi stemto
reduc eIy el b e g o et par e SR
inchud¥ ﬁthbﬁélr@ a%@&bﬁg %@@ﬂﬁl&@ﬁteﬁ&ﬁ% etk firkN@reo &t B Byt chd 6t Hele
an _energy absorbing assenbly extending in a first

systenyj The cnprg abyoshing sysfeps map fgveop i sidedgeptedngn qugesidened; the
n t at

energy2A0H e hn Y SR Mool i 1l on®hfifhcd QR LE 010 Rl

absorbﬁidendijatTéld fost sidecind dre mrald side mieeagh drgyrespetiserdaney

., as [,S i de and . econd.si de ac
which RS R b 5,1 e P %, it B PG Mt B30
second\/@chzls @da§ nic@e gbrRrdlly B the Fiksd diredtioh hﬂieﬁﬁ@&ﬁlﬁb Bipdéts thﬂiﬁist end

st and second sides may nove generally in the
of the Fli’%tf‘élf Aileastct PYHOMWAIH §fse &NF Q3 be pRerupled figln the pecpndpide

50 thatotfhe tuﬁ@ouﬁbéé tp%fmns%f he et sRieRRAy beOsticfed it lfeélfeat to&héiﬁrst
be uncouFIed romthe second side so that

dﬂﬂm@méﬂﬁvﬁémﬂbefﬁﬁﬁwgmb$¢the first side may be orlented

V“ﬁﬁé‘eﬁe? %%Brb o sty%lg fduf Sl b&f gsor 6&[;]10& qﬁ%{%? gg%:i;etdl & e

e sec ergy a
panelsiofi Helfthet soderaat thwqamﬂtsufer Antesst ooeipd the pml support ﬁamesl mapf
At | ea one .of

be conplgd (3T RYRIFT D Frals ARG SHIE D SO P

. couple@fto thB 8edbohd Sille. Nt cﬂe‘astaﬁe oS BE phrtll Sippbii BEMES dMAple® BB portion
pport franmes coupled to the second side. At |east

of the é’ﬁ% siffe Wi besE NEPT SUIFBORRONS § SPRSECIT Bifh IPadionpof feagserittedn

roadway or the ground adjacent to the energy absorbing system. The panel support frames
that are coupled to the portion of the first side may be coupled to one or -more outboard
anchors to resist vehicle impacts to the first side. -

The example embodiments may include a crash cushion operable to minimize the

resulis of a collision between a vehicle and a roadside hazard. The crash




of the first side may bear upon or rest upon a
concrete pad, portions of an associated roadwad/Jammary 2007
the ground adj acent to the energy absorbing system
The panel support frames that are coupled to the
portion of the first side may be coupled to one or
more outboard anchors t8 resist vehicle inmpacts to
the first side. The exanpl e enbodi nents may include a
- cushiquymaayrhaye amensreyGHeEqThibe assemblyiand prosbsuphert fipmes gxtending ima

e
i 68 501 L YRS f Rl Lo St e e ol

also balyeyedilng ths Sestislirgctamdviparelehilp paratts ficafiss ek Ton ghm
|rst en f the rash

f directi fr m
SUPP Ohnfé egndu[ys léo Igﬁé?ogvﬁgbg sor ﬁr gggcél%l yu p%lﬂe
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fLr end. .The pane port anmes al so be
may diikGasL bPB e At SRR s BRELReg Pt Biechalre Selresd
panelslifiay atb¢ aahedk dt@cicl thdPAHEA caHIPRAS dxtdnli MFBEHEX IRADLOSY the
enerally in the first direction. The panels may

°haﬂn%13 dleng therselsptpd pancls; The cahle may peanchared jgba Mﬁf@rrstowtdeth@j

first ehd GMhb BRsH EdsBion ﬁﬂrﬂals§§1{fﬁ'&:§&n a%? % ﬁ{ﬁw @ﬁ@om@ PSS
attached thereto cabl e may ex rou | east

cushiopn dhefealplgre mag edsonbd sowflah tp tlhpepeslell gupp et fpmeel Fhe “Eh@gy

be .anchored a 0
absort R STl RRRIC B BTy el ' ol o,
cushiohr Tin tdbk: drici@éd and lebtidnhewardadid first @ed 21 .be Bchoga@bloaie

led. MBY al so be coupled to the panel support franes. The
$1¢€ energy absorbing assenbly may include a noveabl e sled

direaR@itheadsitt HOthE bx5ip1& B RfimdMREINCILAS P eradHGIhiOR opekifie
cabl e anchored at a l'ocation toward the first end may

to minjjaize theHesubigiof peallisdon lagtwern aTesbislvi andle roaskidt hezard The eash
cush10tﬁ Whﬁu&moﬁhg r%?or 1H§ Iaéé?:%bl? e§ H ﬁ1u?§ Ekt{) aggéﬁgé %hea

nimze t resu
first encedl e eraa’xn dushionoﬁhtser&gyrm@'bnhg a?dembtynaa.:,hbe msdsnib&nmrthty

s o G R B A QAR o 535 ! B

rnoveaBldSﬁil the ﬁrsﬂaeeamr Maltens Qédélsnlﬁaﬁﬁé Qftdthyd FRheRNEOMBAM €
n the first direction when a vehicle |ﬂ§§cts t he
framesr F’F%Ifan@ﬁ ey iyetee Slom tha fEt digenpn at the panslssxiead fgm the first

end. Tf@ﬁ'fa%@@uﬁadr{‘fr&ﬁ@ rhey bt slidhui$ %ﬂpﬁ'ﬁ 10 Mﬂ:lthls Rb &s W@Ltﬁ‘oﬁﬁb{n
be attached to thé panel support franes. e panels

when gryghiclig immegfe therpansls. H‘élefpan@ tsquortémme@ mazde tsh@bbamplsd to
anchorg)gﬁlnaq lé %lab{feth 8£neﬁ stanpto The b@anel orthe pgértg% a{;so?bﬁng

be 'S HNCROr 8 M9 98

assemhip bmi inay be mdmledao \a@ hjutﬂoa'dl amplaﬁt Bhet ﬁhﬁelmplﬁirsfrarﬁ&em@a&e |
nchors

rt frames be slid C ed to
slidablep§plegs tojsachops Wi et Ree bl e 5&39@ a9 4Pty
groundOéhdt Mgy BOBEPYdABAr Ritheird ARKETThY pAd siFRbrBartRURkyesE
to an outboard anchor. The panel support franmes may be

slidably | ouplef yo aushersewith ¢ hapknlgesiedyin b chenneb Ate dhaanebfmayhee
orientdd 3R ¥he BHPRRICHod. TREBR P %Sllﬂgg:ogﬁe& H)eone of the respective panel

support frames or the anchor.
In accordance with a first aspect of the present invention, there is provided an

energy absorbing system to minimize the results of a collision between a moving vehicle

" and a roadside hazard comprising; at least one guide having a first end and a second end; the

first end of the guide corresponding proximately with a first end of the system facing




ground and may be coupled to an outboard anchor. The
panel support frames nmay be slidably coupl ed #%January 2007
anchors with a hook |ocated in a channel. The channe
may be oriented in the first direction. The hook may
be coupled to one of the respective panel support
frames or the anchor. |nf%@ccordance with a first
aspect of the present invention, there is provided an

onconging fefficiah S5t IBTME of panck pypPert diapeyrblidably Hiésppsed (¢ thy gyidega

. S| vi ng.vehi gl and a ragadsi
seconf: Siokb 3 Bt SHIBE T QD YE N6 GincR Bl 9 dBlaRg
respecifél loastibnabaeeante esdnd biltieof the Esitle Bkthe froddkige Birindea first

corresponding proximately with a first end of the
group §>§/E%né1ﬁwslf<%’im§a@2d todb el Eropef PashspREb AR vherpy the firsg

fjer I : ref . f ' ' S
sroup et SR Bl R s R e S HITST (RS EBtoe RS
. second pralad chef guirda vémea b veliible imysiad tiscefstr et W thie 6Yddn€ & sadond group

respective | Qcati ons between the second end of the

of pangly serirehilaghied (¢ Gasrepriberpip A pancl spppt Gemesgrhseryy e second
- group BERR SR oftt LAEHRA ok nd Poud bl elBF SUP B RADRLs
at leass ol pprtipd of the s@sndigrdupsiymod] atygdrtfiianst agh Gupiacd spané boup
col | apse toward the second. end of the gui de when a
of pangls lﬁli‘SBFSég Prafnst TelRivertp s suidsg thgenergy a@g)gﬂfr@nswstan BERhY
- 10 S ! p
i RSP IR RS UTERE P ol 00 B
spacedolangtudselppion aﬂjaaqmeganahmppm’sﬁarh@t the foe @oowg ofj panep support

anels resist v cle inpacts; at |least a _portjon of
frameq 7d e g PWEWBW%%@“C%‘@E’&&?‘WP@&%@@HQ Tongitadinally
from tgﬁ ﬁll%P L 18 Gh S REHALE LPHR guglg;_ P?B&h@ S t%@-@a}ﬁﬂan@fs_d%ed in

‘ gle relative to the gui he éner gy sor bi ng
part by yeeotath faasls hayvigg their respepos fitsi enl swictralyedttadthed anefirst panel

ort. franme of. .the first gro of el. support
suppod RO GO iie e byt mirif Y 8py ek 'O B Rte fupport
frameSSRYAL dovn@PBSy frdrh ehefl firkiSlan sOpROanRA AR atSIHRPSHE! one-bay
frames and the associated panels formng a series of

panel defiped e sepetidmgne evipo filagpe fwith diet fireli end bf selecfed panetstvecurely
first to th d d f. I de; I it
e 3 B A 67T % S5 BBl

suppord B¥thO@isoB& down iR GidnY e fdobittpaB) duppRfiagky attached to
a first panel support frame and each panel of the

t loacberyansa rvathsa sAchatbisbect af theghesdntvinvdntipmdhqye meprovided a
stream from.the

t. fr di .d i rst
erash GHRBIYo s 1S DS i et ® Dot S i Rizard
comprﬁ%gﬂ' dﬂ%ﬁerg?’ alRoHHAREmBRNRlenGHPRQ irstidir8dBn Wotthd 78t ol st

e of selected panels securely attached thereto and
the craglnerishipuai pdiral pendlhlecatetlennizalirstsiie of ths lenetgbibgorhing asshmbly and

onl.y one .pan upport fr di.sposed wnst ream froom
extendii o i M i SRR obe PP ARt iRp Sh Ea LS Y
the fir§t QR NHe S&Rﬁ&ﬁavﬁfg 4 hRt RLESLMAt ik RYRBIIYOR a frftedrRntafon with

provided a crash cushion to m'nimze the results of a

respectcigl the §ish dirgnsipnvetb fizst vestipre pEpannld catendingl Sioeth figshent] to 2

. conmprisipg; .an e or.bi ng _assenbly extending .in
ocatiof YRRt B o7 B She EPR P Pe Rl 5K RO
location at a second orientation with respect to the first direction, the second section of
panels intersecting the first section of panels at an angle; and a plurality of panels located on

a second side of the energy -absorbing assembly opposite of the first side and extending




the crash cushion; plural panels |ocated on a first

side of the energy absorbing assenbly and ext&htinagry 2007

generally in the first direction, the panels resisting

an inpact froma vehicle with the first side; the

panel s having a first section that is generally at a

first orientation with @%spect to the first

direction, the first section of panels extending from
generallygin fthe Gt Erratiqnp th seqond aide 9f pancknyingrsymmetse fomde fighd
SK&Ofﬁsd_anels havi ng a second section extending fromthe

ocation at a second orientation with respect to the

f il s¢cocan@C¥ition thithaspee itk mreahi BRelion, havat srovided an

intersecting the first section of panels at an angl e
energy, sR{OIRIng) syste it Junipizs élFFe‘Ie§11qS & arcalisign betyeded BIRYNG v d’é)f

i f
i o 5 B A RSBl ORR R i b Sl o
first ehdhef fher mtided boresganding ptrdmn;seig ovith aifke enfl of ales stelmefacigy
trig fromthe first side of panels. In

as
onconghag GG 7 BrSEiOHP &t baveh tPpBar Bames Ridstle dispeseb it the guide; a
second Qﬁéﬁﬁ“ok ?5},31 LBHE fashed Eﬁ\éé&jﬁgmaeﬁch §M&T 9Y LRSQY RhRBred at

systemto mnimze the results of a coII|S|on bet ween
respecBvanipvatings betlean! the sl endrafabis gu:lée kmlztae thaddephazaiing firsat

| east. on UId aV| a fir and a se nd n
sroup pfgcl G Bies st o by e L B BB BGRPH Gt B
group Wftpgné? sﬁﬁ}foﬁtﬁa‘?rﬂzg aRd a§s€§at§d/ 3L rgnjuﬁcdf nel® eglﬁfﬁentgward the

fic, a first group of panel support franes
secondsctnddné meygudiesxﬂm edelicle tniymcty u;hed“est ead ofthe systsbng aeefondgroup
ane r anes ace m eac r_an
of panfR sy Echeh by PR P RR 0 b1 Pt AT SO eBBY tleafophe
- group §ﬁ§‘aﬁa@uﬁ§b§ fRinel B AichRd %%n& up 8L R sBEER M imBacts;
first group of panels slidabl'y attached to the first
the seqgnd gnoup pf gracisiprot fpuet arfdrassveistedherabgrotihe phirlsdispogadatip

f nel su rt frames .and a soci at.ed f.irst gr.ou .of
* an angfroBRUl 47 L gl RO AR B ks el e
totheMﬁ@o?d@%e@&dﬂﬁ@ﬁﬁ&ﬁoﬁ%ﬁe'rSt end of the system a
second group panel s securely attached to the

sbb@qerdgm withof fOpah @$pestu1f oy prefenhimmentishetherbyis piogided an
f d
eneres 3R EGE P e B L BRGH rarRFa ek T g e

secondS &4d9 ROfG Q8P hBingPAPREalHH B Phidelsl &-3MBE ARHerARS Bﬁglﬁxt:lﬁﬁlly
second group of panels disposed at an angle relative

betweandhe first epdiadé thearrgnd brsl; ¢ eesondisige bayingof plyraliti 0§ paicls pwabl

trom (G555 i e Fafine el oty bR R R PR PR
seconda&iAe e fabt ddaCfRAE HRNkide BNE el BHt erddN6HT tBe ko] OMé dRbsad
ener gy absorbi ng system di sposed proxi mate a roadsi de

proxum@ztbfr Si:‘éﬁp)if Fhsiengey abserbing systeme thanidtsteend obthe fight eidelandgthe

st o e 2R R P P g P PSS e
first sidd¥ad aﬁacseaﬂd entlsf tie REMARMe Shadl AN bRY obhePbyd @bddd\istince

panel s spaced fromthe first side and extendi ng
at. leastgéfr?@ ithagt ﬁryt dwéwgrr 2tcvler firafl qnﬁ 05@;@ Fiest pide 4nal the fi@t end ofithg setonche

- gide; a Pau’ o{1 d‘aﬂsf exPeHdm%fr C?gd Lor‘]’vff{{t égetcoﬁ’ t%e gm!le rails

disposed generally parallel with each other a plurality of panel support frames with
respective panels attached thereto; the panel support frames slidably engaged with the Vguide
- rails; the panels of the first side extending generally parallel with the guide rails; and the




proximate the first end of the energy absorbinéb
system the first end of the first side and thé2 Janupry2007
end of the second side spaced fromeach other at a
first distance; the second end of the first side and
the second end of the second side spaced from each
ot her by a second distaR%e at least twice the first
distance at the first end of the first side and the
second pide haviigept dfast 996 5P o dpanaly dieposel 45 A acyse anply retative fof the
gMdegﬁgendlng fromthe first end toward the second end,
e guide rails disposed generally parallel with each
ofitheccprdandel witlah ififh Bpecpanele weemointentivd tRge W plovided an
ctive panels attached thereto; the panel support
energy "?bé‘?f@é‘g SYStegBmpsedpERRade arersidehazag F‘H%P“SP1§1 4 lrst qiggnd a
|, SrQf I I
oo e P e R lT B GRUN AERR A By B2l &
secondgEpm shcsmdbddmxmed dromt the fastidond cgteadipg gdhepAN R)lngltudmally

e e B ST o Yo S b o

second i RSB Pbsel PVt Ofe fitPEEoriii dAERY hileDiRRyst ERADHrst end of
absor bi ng system di sposed proximate a roadsi de hazard
the firg givp eitd tha @Ist ancf ofithe scemdl medspa:ed $remomch ehatat afifs distance;

e s Gy SEHE M0 L oM AID® HeaBobe e pgbather

at a dlgtﬁlQ:@aE h'ﬁst ftxbfc@ theSrl Q1@ E&R@éﬁdth@ Yrs0 ERE1Rhd Hrst side and the
longitudinally between the first end and the second

first enginef: the brgorid side therrdadeide hhgard dafimed mi p}he mfmcmhetefham teerd

Qqf Seco i de di spase r oxi e first en
fs s of 1§ Gy gy uBEb A, COp U TR PP oS Fomfife
barrier! 1he Sdcofd &R RN Hr Gidk boupledSNE AL edd & tﬁee&)ﬁ&gte $hieier; §1pi@§s€d

fromeach other at a first distance; the second end

: portlorefof theesegand side skidedingat anhegls edaive tethd fiot sidh ends@@ opibrete
. ace each other at .a disfance at ast
barcier? gt 12 BRES bd B bR Sbetmd S Eopudl R kAR R SerBitting

comxd@HﬁHéLSIde and the first end of the second side; the

roadsi de hazard defined in part by a concrete barrier;
thleaccelida@p vaithde sigth aspect eoff éhfgyresﬁns mvbmtivg Qlwt igrprovided a

end| ner.al | ara
crash GXHPT SpARIES Tilpiek B ok <plliict ePRRT b oishicls i ¢ n
roadsid@:ﬂﬁzz&ﬂl,dc ritif® o6 Q6P bBsobRnd hBEmbIRbxtb R in PRAL HiRRGOOT
the second side extending at an angle relative to the

from afﬁrﬁtsqnd @f &@ cgash ceshipncd sled essembly docated proximete thi dirst sod anid

nd  si e spaced | ateral | fron1th ope,
opersb 1§ sfive o e S AP “CapPRG ey ol b B
“end of SheXérfshamPEH; a%stté?&pw@ﬁﬁéli cttENaeiat deRBallyt 1 @R fiks direction
provided a crash cushion operable to mnimze the

from thedlirpf| epd obthe alas:lmqslinglit, arsetsat \geoup ofpanelsiestersdizengeneyally in the

azar d ris an _.en abspr bi
fst o8BGS REG DR SR b RCREln PP b e
second@i’(ﬂpoﬁ parRR sﬁa{c%ﬂoﬁ @&Jhl ofiRT arl dpBsbdda SEFHRHY/sided GRS @nergy
proximate the first end and operable to nove in the

absorbinp ssembllyy Gt gre\ip @fcpaaﬁs d?fbnrmerpglgy affirg yidg of Bigicersle cushion;
- the seco@O%S axtlelps 1411 ng {n é)rz]z% a sec%nd ﬁlré]r f t Q g’rgs f:hgclnr? Qt’ lgz{st a]: hrsfc'

o pane "8 i‘ng ge |
portiond(bff tB€ pArRR of the first side and a first portion of the panels of the second side

extending generally parallel with each other in the first direction; a second portion of the

panels of the second side intersecting with the first portion of the panels of the second side-




fromthe first end of the crash cushion; a second
group of panels extending generally in the fi#&{anuary 2007
direction fromthe first end of the crash cushion; the
first group of panels and the second group of panels
spaced from each other and di sposed on opposite sides
of the energy absorbinqg ssenbl y; first group of
els ef|n|n part a first side of the cr

at an 5@2% mg e %é&%éﬂ@qua%panéﬁhep*&%fiéma@moﬁ ﬂ}?gmpﬂs phthe

eson OGN S Elonil TP CGURIL G T LROSY 4 s

distangrain thednst diretibe panel s of the second side extending
generally parallel with each other in the first
direction; a second portion of the panels of the
second side intersecting wwth the first portion of the
panel s of the second side 22 January 2007 6d at an
angl e extending fromthe first direction; and the
second portion of the panels of the second side
spaced froma second portion of the panels of the
first side by an increasing distance in the first
direction. 22 January 2007 WD 2004/ 009406
PCTI US2003/ 007583 7 BRI EF DESCRI PTI ON OF THE DRAW NGS
A nore conpl ete understandi ng of the present invention
may be acquired by referring to the follow ng
description taken in conjunction with the acconpanyi ng
draw ngs in which |ike reference nunbers indicate |ike
features and wherein: 5 FIGURE 1 is a schematic-
drawi ng showi ng an energy absorbing systeminstalled
adj acent to one end of a roadside hazard; FIGURE 2 is
a schematic drawi ng show ng a plan view wth portions
broken away of the roadsi de hazard and energy
absorbing systemof FIGURE 1; FIGURE 3 is a schenmatic
drawi ng showi ng an isonetric view with portions broken
10 away of a cutter plate and an energy absorbing
assenbly having a plurality of energy absorbing
el ements and supporting beans incorporating teachings
‘of the present invention; FIGURE 4 is a schematic
draw ng in section with portions broken away taken
along lines 4-4 of FIGURE 3 showi ng the box beamtype
cross section of the energy 15 absorbing assenbly;
FIGURE 5 is a schematic drawi ng showi ng an isonetric
view with portions broken away of the energy
absorbing assenbly of FIGURE 3 after the energy
absor bi ng el ements
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have been cut or ripped while absorbing energy froma
vehicle inmpact; FIGURE 6 is a schematic draw né laguary 2007
section with portions broken away showing 20 an

ener absor bi ng assenbly incorporating anot her

WO BB ent of the present invention; FI ECRES20¥0Q758

expl oded schematic drawi ng show ng an isonetric view
with portions broken of still another enbodinent in
whi ch the energy absorbing assenbly includes

pr ogr essi vel y t hicker energy absorbing el enents al ong

8l ed energy absorbi ng

55 G Yok Bich! oAl %fﬁlyg 34 URRIELE L. Fquird by
gr adual I'y I NCreasi ng decel rathon of "stoppi 11y
reforringy te theep fillosdng deschiptidnmren iin gronjuhetivnbivith ; the| GtdREpaBying

. draw g VG Hhegrismoctiay o Her G A el ermont

haGUREA ! dkchérhdtle Riwifig Sitwisg drPerd¥hgy dﬂs@rﬁing%gﬁ&ﬁ ihs@allod
) "%:,ht wei ght motor vehicle during inpact wth an
adjacqry & ¢gi¢ eaf 8% Madsidedirg®dnl yv; FI GURE 9A is a schematic

diRfciRE 2359 'z{eglaec @a@ﬁg\sié&m%dla ﬁn%wm?ﬁoﬁsm%&e?%y

away of anot her energy absor g system tncorpora
of thetreadsiie hggrd ind dnergp rboehing systemmf FIGURE dst al | ed adj acent
t dside hazard,. 22 January 2007 . WD ,2004/.009406
P FURE3 5 Shrma vink BBt HuRdd ving pafl o B
away DfQvéuligr plaftl &1d a0 €l4rgHi dbborBRE lakRABIPEAHBNa pRitdlity A lefdrgR
nmotor, vehicle has collided wth or inpacted one end of
absorbing erBedS WESHOBPTHS Lepms ciRpgporplingUtEachings fof GhREPIESt
mvenﬁ&l;a schemati c drawi ng showi ng a plan view of still

anot her energy 5 absorbing system i ncorporating
t FHdURRdlsisod sthiemalic dewing innseetivini with posivad belterndyvayc eien

stong s Ao RN, GOFREHF pOCRBN npe.sos sdite, OB T,

absorbihg hss@ablyj ons broken away of the energy absorbing
system of FI GURES 9A and 9B; FIGURE 11 is a schematic
d %ﬁ@%ﬂam 1 Frhppils Bvsiog shovdee A isgmaFoview gviportpns broken

ovey bEOUEAGLF hotichnh) SORRSTIY e S P RS
have biegn opposppas Whilsrabsdnking ensdyi frbm huetieldimpfabiSURE 12 is a
S i.C_drawi n ith portions .proken showi,ng .an
"ERETR s Sisatinfic Alsihal R sbcBn St 5"t B tn SRSV
an endrfeatefbing\as Rl itdiforatiftsashelembbliidbo ik préentihZdiEn;

13 is a schematic draw ntg i.n section with portiaons

bFERERE dwisyans eepladsd schsmelie dewinie shearing el inmshienyigw grith

. portiofid HdREn b2 sRARASHECABRIMM GO WH b Hnbio§: absorbing assembly

includes progressively thicker energy absorbing elements along the length of the

- associated energy absorbing assembly to stop an impacting automobile with a gradually

increasing deceleration or stopping force applied to the impacting automobile;
| FIGURE 8§ is a schematic drawing showing an isometric view with portions broken
away of an energy absorbing element having a plurality of cutouts to minimize damage to
a light weight motor vehicle during impact with an energy absorbing assembly;
FIGURE 9A is a schematic drawing showing a plan view with portions broken
away of another energy absorbing system incorporating teachings of the present invention

installed adjacent to a roadside hazard;
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FIGURE 14 is a schematic drawing with portions broken

away showi ng an expl oded isonmetric view of th& &ngery 2007

assenbly, cutter plate and ranp assenbly associ at ed
with the energy absorbing system of FIGURE 10; 20

WO 200409386 15 i s a schematic drawi ng show ngPeHUTAGHREE] ¢
vi ew of overl apping panels incorporating teachings of
the present invention di sposed al ong one side of the
ener gy absorbing systemof FIGJURE 10; FIGURE 16 is a
schemati c draw ngavvith portions broken away show ng an

| SBAERE 8B s edrhsiatic grmdng shopies ¢ plapaney 2Al rertions fhecken
ewvayBREE) BofESQF0ERBIMNd-A s BRI oneen AL ety BUSHER
systemed FIGURREOAL portions broken away showing a first

u anel . and. a, second downstream pan sl j dabl

IGHREDE B ienBBthC R ovies By RRBR 4 aborht ecky
absorb'ﬁ%c Byrseis irbrpblating te@dtfiids dMNE Pck@ inveht{ddREstdIR ddfacent to

schemati ¢ drawi ng showi ng an i1sonetric view of a sl ot

one epg gf aroadaidedigzardit actory for use in slidably attaching a
o L : - . : . o
G AGURSRORROL Sl Mo A Qg AR, e ieR i
with paidens bosksn 6w BT/ uSPOEI/200TEES sBtenFifBURERES %Asand 9B;
S i e, draw i th portions broken .away shawi ng an
ST RFRE 1, LR " ohduatls: Pt v Sortieds Uit shovit &
isomentis Ol 09 actleivesbmablyadnds bihet obnipdnlits WS ahe \Whd fahe REEEY
absor bi ngﬂﬁéml ncor porating teachi ngs of the
absorb‘P%%EFﬁmP -0t ;OPP‘PS@JIQEI‘H@N‘?%S@P hggMBnat i ¢ dr awi ng
shewirg & R arhcuéﬁaacvwﬁamg%ﬁh Rions Yrefn %vaﬁr"@év@{gt )
gs o e

ener gy absorbing systemincorporating teachi
isomepiegigm of theesied essemblysassriclated with dloe mtergyo abroebing systene of
FIG %si de hazards; FIGURE 19B is a schematic draw ng
Show ng an enlarged plan view with portions broken

I%MGMREE fB fci:s%a ﬁﬂiemg:jchdibﬂimg Bk g&ﬁ@ﬁ&ﬁ%ﬂﬁgﬂr&éﬁﬁwﬁ? Showing
| a t1c raw ng snow n an rsonetric

one 6%4 gfﬁ%%lecga%fﬁﬁy Effs TOERES apppsiie fiom,oneemgdR Gy at t ach
SFREURAN . abRP ol ) E
1OA Fl_Iaé‘LJj%SEE1 S e it AR e Ao A Y, ol

exploded: iromeitie Viswlitheodleshassanahly, cuttenplate aud singeassandly afsodidted

. o] f.FI GURE 19A; FIGURE 21 is a
“mﬁgﬁ%%iﬁ%g&%g#%é‘?%@@ |1(9h wi th portions broken away
t BIGUREdl50ieg dcheirsic Zrawihg Ghodin@ldnBsdideic IewrbiGhidbdaphing

is an enl arged schematic drawing in elevation wt
panelsFJB}c?qpewglng) lteg s of the present invention disposed along one side of the

energy absorbing system of FIGURE 10;

FIGURE 16 is a schematic drawing with portions broken away showing an
isometric view of a panel support frame and attached panels associated with the energy
absorbing system of FIGURE 10; |

FIGURE 17A is a schematic drawmg in section with portions broken away
showing a first upstream panel and a second downsiream panel slidably disposed relative
to each other in accordance with teachings of the present invention;

FIGURE 17B is a schematic drawing showing an isomefric view of a slot plate

 satisfactory for use in slidably attaching a panel incorporating teaching of the present

invention with a panel support frame;
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away showi ng a side view from FI GURE 20 of one exanple

of an outboard anchor assenbly; FlIGURE 23 is # January 2007

schematic drawing in elevation and in section with
i,ons broken away taken along |ines gg.rz,ﬁé f
woz@?@j 19A showi ng one exanple of a w ng g@“@ﬁg on
base plate, support post and brace; FIGURE 24 is a
schemati c drawi ng showi n@ a pl an view of an energy
absorbing system having a generally synmetri cal

confiaguration formed i.n accordance wi_.th teachi ngs ., of
t%éGHﬁ@s {S PrRFBematis, dramg jigtth Jportaps al’@@ﬂe%ﬁ Ek%wmg an

lodEPiaR Gick o fS£ GiltleP Blat A% RAINenBle9 Msdrbifg Sleriontd Ratdfactor iR
exp025 %; Igl GURE 26e ?sa a scﬁer%gti?:r%rgvmengnshgwaﬁg a pl gﬁ

with ¢neygyobsabing aystim ingerperetngderrhings pfthe PigpenEMVeRIPNS| | de

g

away Fof GdREnefpy absomdingcyeteni incorgomting gpadtings| efviht ippasenti inbention

. rtions broken away, faken 30 along |ines 27-27 of
mtal&aé@%@ng‘@;‘mﬁﬁf @8#?&8@%“?56?7”&% 2004/ 009406

PEIGURBI0B 3 HQRaRiclBawinh @R&p%?ﬁa%ﬂla&%@ pIEEBR LG portions
drawi ng showi ng a plan view with portions broken away
brokeg pway etibe encegy Abrabingisysemp ol IGURE 19 an ener gy

SBIORASC8 eEILISIE nd SO

which mabeused foattacki dide pmoels icdths elergylabsorbing yystem sfHIGURF e

c assocj ated coupl i.ng . of Fl GURE 28A; Fl GURE 29

" ERORERn R F ot o e Py Seon Chon g heten avay
showiR aRidk Qic@fofhe dneisRlabidebihéyeRm EYIGERAIOM; t 0 connect a

panel that slides with a panel that does not slide;

FEIRRE 34 ip & sghasnalie sawing i essfieny with partiogs Arokemawey éken
along\f%ésrb PO diFpaERRI@MEeN away of still another energy

a sorlbl ng system having a generally asymetrical 10

c FHFURE 2atis em entaged pdreaiatio gratwirgcini sleystiof with @ortioas brken

i pvention, and ElI GJ i schematj c drawing Ln
away R 1 e PSR oD ALOUR IR, Lt bl o1 DrBshed At
asser®fy: @ split panel support frame and an outboard anchor

Yi
assenbly incorporating . teachings of the present .
i FUGIARE g1 is 15 sabemadiq ARWIESTRF! a1y gectiopat porons

s P88 gl MEPLL DSBS O ROVBEGe Sl f s vin

extension base plate, support post and brace;

FIGURE 24 is a schematic drawing showing a plan view of an energy absorbing
system having a generally symmetrical configuration formed in accordance with teachings
of the present invention; -

FIGURE 25 is a schematic drawing in section taken along lines 25-25 of FIGURE
24,

FIGURE 26 is a schematic drawing showing a plan view of a transition between
panels which may slide relative to each other and panels which do not slide relative to
each other during a vehicle impact; |

FIGURE 27 is a schematic drawing in elevation w1th portions broken away taken
along lines 27-27 of FIGURE 26; o
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1-31 of the drawi ngs, |ike nunerals being used for

| i ke and corresponding parts of the draw ngs.2Xkfespegy 2007

absorbing systems 120, 120a and 420 incorporating

hings of the 20 present invention
‘WOZ%§B@%¥erred to as crash cushions, crashnEéPﬁg@F 0ﬂ§§
roadsi de protective systens. Energy absorbing systens
120, 120b and 420 may beigsed to mnimze the results
of a collision between a notor vehicle (not expressly
shown p%Eand various_types of r.oadsi de hazar ds.
aBYEPBERGASY & sshematisiraviing shosrieg 4 pnafer 6‘(1%1?01'“% 3?%911

r f
w3554 BB BT%d BEAYORTALAP ORI  lckfy v

teachmgsoiétmmsechmaﬁmmenporary wor k- zone applications.

e e g

showinig@hduabls @nd adsonigted édnphﬁmﬁtFI@URBmp@d NCHRP Report 350,

Tes vel 3re U|re nts. Th "1 ongi tudin
G%BBﬁ hSaF‘I%‘F CHER LT A JRoTEing| 9ny %ém%eﬁ a
couplir wi@SHAY ReusbdR RRhRNd ﬁélenﬁataﬂaﬁs%thm%ﬁmﬂét d@efs not slide;
co onents associated with an energy 30 absorb %
ERE i cis rapishemitisgdrawing horgiag of plath iemr @@tbmortlons roken

| n | |y
sy BY R, e Bt SR OB R, 1) aHRE Y, Bpeifhilf
coﬁgdammmormgmymnwmmmnt imehomakid and "l ateral | y"
é@gﬁggrall ed, tQ descripe the 2tg€anuar y. 2Q07
B&37 trtrnwity gortigps tupken awgy showing
one eRBEH106f '"Hgli%ﬁltsu PhorCRARORE R SutBSR9 ShhbE hs¥hbIp 11@Brporating
ener or bi ng 'system incorporating teachingsof
teachingeofghemyesent inwerdioni on in a direction substantially
normal to the direction vehicles travel on an
adj acent roadway. Sonme conponents of energy absorbing
DETAH@D@DESGWHOH@FWN@N’BK)N be di sposed at an angl e
flarezng{relatl the direction .5 vehjcle

{ i Breeco o O S veRERAGYF SOHRSIODE b3 o GBSt FIGHRES
1-31 ¥F tuk (%ﬁﬁésalhké/ n’@ﬁeluﬁ.%mtgq;s&ﬁﬁﬁrukb eanﬂf%ﬁ-%eﬁdl%g‘b&r& dfSthe

substantlaly parallel with and in the sane rection
drawiggs. roverrent of a vehicle traveling an adjacent

r y L --In.lqI t ¥ y 1

(7 posckife Sifhs 125, |AATkndod cREREHREAREISER b
presenti inberivh may sonectiappdsirtiemred tead |cmeh a;ashmnse osi bafie®, or

o i Bt 25 L B I b5
minini8 el BRItk BE a%ﬁisfo‘n%tv@bfen Ao fORHRNE ot reﬁbﬂﬁsnwﬁmw) and

anot her co nent in an energy absorb system

varioysiypss pblioadal aﬁ?‘é% rﬁm‘w ab$orbm@sypteege1aﬂ, end 428rand Diber
energly S @Pbing GRRE &k EorpARflng BEARGELH AT prolint Iy BSSTAIY 1% 108 for

escr eT rmng an-ener gy
both pémaném’t mwﬂhﬁma mid temipogra work-iohe applidatofiso Eadtge absorbing

systems JO 12e0a and 490e and other energy absorbing systems incorporating teachings of

—32

the present invention meet or exceed NCHRP Report 350, Test Level 3 requirements,

The terms "longitudinal,” "10ngitudina11y" and "linear" will generally be used to
describe the orientation and/or movement of components associated with an energy
absorbing system incorporating teachings of the present invention in a difection
substantially parallel to the direction vehicles (not expressly shown) travel on an adjacent

roadway. The terms "lateral” and "laterally” will generally be used to describe the
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15 energy absorbing elenent in tension in accordance

with teachings of the present invention. The t2}auary 2007

"separate" and "separating" may al so be used to

WOZ@%@ﬁebe the conbined effects of rippi ngc,@ﬁ%ﬂ&ﬁg%wg

rgy absorbing el ement in accordanc
teachings of the present invention,, The terns "gore"
and "gore area" may be uged to describe | and where two
20 roadway diverge or converge A gore is typically
bgunded on two sides by the e s of the roadways
orien{zfpn g/ o5 Rovemeptef CﬁHIPﬂ%eﬂEﬁfaSWVgﬁd Jéffean W@fo@b@@bl@é frsiem
mcorgérah{gl t6achir@¥of fho PERAR ilchiton i ol dHohi B %h&?n%l Rthe
si des "of these roadways. A gore area o
direciionctehiglss teamel incharadjaomt nwdivey &an@monem Oﬁmrgykﬂém]eagm

systextng ?Zed g?@eia\lg%g 420-Ir-1r1]a§'Ehterﬁlsr 5€) étfj &(neilez?t{gne @P ggre%‘g? 118(;(? n%? gﬁrif%on '
vehlcﬁasmwelbﬁ@ﬂadjé’&nnfeh@v@ fromthe point of divergence or
. The t d d' b d t

0B e BRI Yk R B sell S e iiah waSh

submbgfpa%mm Wi Shd irBth® §dniOBreftidn! a@'ind%m@nt‘b? BEHicIP wehﬁé afd
b ge or overpass. Roadside hazards may al so inclUude

adjacent treadpgyar Jhovkstr "spstreanl) wilbgangrallsjbecusad ta desaribomdvement

whicl?r{g)?ﬁ%&ﬂ .lggl e&%lrﬁfgrﬁg B{&% gﬁ@%tg dg@cl}foﬁ@ ?r[o%ﬁ{ d]}"glﬁ Kodi§e

travelighuncinesljmast acadwtag d 'I‘hb tdt’ms b,@dtrdsmﬂ aamd "dd)wmaam I maa hlsmbe
The term "raadsi de hazard" may al so. include a gor

used Tgpiggng? %}rﬂ‘?ﬂ p1h @k ong comypqugptelpty @’a"tﬁ%ﬁc&’&’ﬁ?ﬂeni% energy

absorbigg RS EAhinRYoBhbFR R Fink&uiRACOM g traffic.
22 anuary 007 ~ WO 2004/ 009406 PCT/ US2003/007583 12

VvaPe tstres Geppdine mdé'swaang"é?ﬁﬂ eneralydwrusedig dsyostbe the results
NCar nor [ (P N i

of aef AR BlefB0ubsERE Dltterf usbg s b BER, o BUETRARR PG
energymlhserhu@ alemerfExratendi@sin taécoaiandse ol Eaahﬁig of the Iptident srtvertion.

| bing,.
T (6, Pl 561 ofBpiiafigs iy e bg LR Gtoe Hguiorined s

of nppfng shd %hﬁg ah cﬁérﬁ? bbseAESerhde ikl 8% oMYaRcSWAP Bdchifds of the

hapes, beans annel s, tees, and angles. Structural
Prese@tl@@nﬁ%gl es may have Iegs Wit h equal or unequal
c oA of ..gt.ee s n
\Mrg%l srﬁles% ?qeéaddl % Icl)r #H%?ognﬁsggntgeéeﬁ% f\z/]%\#&%fe% two
roadw;ay disrgefor comveegec i Algbry 1atyplchltgbbmééthai tvat sidesthyriad edges of

teri ssatl fact or r use in fabricati e .
the 1GRRGPLTIER 3021 1aS PRELPhOFEERIg of SRTHENGE: GHaiRdIoW is
generflllYERERE shiy AFbétRdRs o oROFAE! FFEhER Zlﬂﬁdiva’% 0 £h@MNakd often

FIGURES 1, 2, 9A, 9B, 10, and 198 nay be a “concrete

- includgg shoplderscor mesknd g vemesh df anvebewern e r@dweys@f'ﬂ& thisheldegr

third émaargoncr g@]ey%_ fﬁlﬁg% ex@ggﬁl & ?lﬁ%glrre aﬁﬁjys(%o)

I'ng” al ong
meterbiomdterpoint of divergence or convergence.

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 includ_e a temporary work area disposed adjacent to a roadway
or located between two roadways. A temporary work area may include various types of
equipment and/or vehicles associated with road repair or construction. The term “rdadside

hazard” may also include a gore area or any other structure located adjacent to a roadway

- and presenting a hazard to oncoming traffic.
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two roadways. Roadside hazard 310 may be a permanent

installation or a tenporary installation asso? fanuary 2007

with a work area. Roadsi de hazard 310 nay sonetimes be

cribed as a "fixed" barrier or "fix
*woz&%g%ﬁ ough concrete barriers and ot her §§E$§%ﬁ%§§
adj acent to a roadway nmay fromtine to tine be noved
or renoved. An energy algorbing system i ncorporating
teachi ngs of the present invention is not limted to
use .with only concrete barriers. Principal conponents

of VAEIQuS eRmnoneis of #gneis ehiprne sysions mewRoRngFhiugsof the

r
e
Exaquoﬂm sﬂ suthamsteridls yndktﬂ@ st@htstrq:ts pﬂealt platbﬁmstrm;nméllsmwl lhabing,

| ad
structpfel SISt eshan R ol P et S Filpeb ¥
shapea,SHB rshipes SeamEehabielspict s ah@ dngles. rm@aﬁﬂ%tdaamlsd Iﬁalyohdw
resgﬂ?%ilve struts 312. For saqne, applicatjons _ene
legs vyt queb prsith-  Theghmerigan dpsdifriqyef Stps] Ggnyigiciigopublishes

detaite %&%duen obftni va&@esd@ggseoﬁ&nﬁﬁ&amy Aveablé s@agsnﬁl:ﬁ&ay

spacers or cross braces 314 may be used to
materea&sa isgfjstactdyy dbbiusry it Sawiefinige sncggy absogriegl syseray dricoyporating

teachi gg%éhgé L%ntt{ﬁv n?%ﬁ other and extending |ongitudinally
omro deide azard 310 toward oncomng traffic (not
emmﬁcgd hazaﬂﬁ%&ﬁ) show.ﬁléJI &l FEGSRE | 1y 2%9& gﬁyl@emalwﬁb ailidyybe a
wWth the e 0 eneryasorln asse i es
concrelg Sxtegdipg glops BOT RS R P widvay a»ﬁtae@rﬁﬁ Iyshowm)p

Roadﬁ@é/ hd¥8ra I%Qﬂa?%ﬂ’so% a c%gck{é%aﬁ:fh‘il eREndhE oS 8 Tlidhn 3éfheen

faci ng oncon1ng traff One or nore of cutter plates

two rogvaypotRoshudnhazardr3 l@masbq aammzt)enamtaﬂa@meoraao tepnporary
S ectlve

st B85 080 5 U RSGERL B i TRRD S e

described ag & Vixddd bama'/ argixaf o;&&tacﬂe Ew?enlhcﬁughrcx&nc&&@ Bavi€ds and other
009406 P EJS20Q003/ 007583 ner
obsia AR 0 SEGHAY 6 HOB SR Iong bemPTed S0 ST o o bB cBeTEY

absorBhg sysie InRrRiial 1d4eithsd 8F the %%sexﬁﬁﬁfre‘iﬁéﬁ ¥ ﬁ&%@gd to use

contacts or collrdes with inpact plate 382, sl
with qadweomgrele lBu®rsy | | nove longitudinally relative to

SR 2R3 BRR0 T B el AV RICHAES 1.2
and 3hpzferably8 idludk ione b eotd exegyy Qﬁsoﬂi‘i@ astmﬁlﬁ:lieis I8y, Dutfddtplute or
plats o e vrals A oliertie s P gé’wge G SR

as a "&ﬁéf BMdélb JRF Ennﬁwa;?ﬁ@aaaﬁ%l ohe®Bd oféach Réegy m&h@é&%&bﬁ 86

4, sonetines be referred as a
may h@ee&ﬁavhedaa md@d@h@yrdaﬁﬁ dybrespgetivessemis| 3128 Fop scemeeambcgtlons

o BTG BB e PR 408 RS Ra h RE F pe

hazard 33G.edA f;ﬂuwhtja af BpaeReor. cr&y (pavet 304 nesabs ustd hadiotd anergy

ener al | haped, or hape
absortgng assemblies 8% aligned generalfy paraﬂel with each other and extending

~ longitudinally from roadside hazard 310 toward oncoming traffic (not expressly shown),

Sled assembly 340 may be slidably coupled with the end of energy absorbing
assemblies 86 opposite from roadside hazard 310. Impact plate 382 may be disposed on
the end of sled assembly 340 facing oncoming traffic. One or more of cutter plafes 106
(not shown in FIGURES 1 and 2) are preferably provided as part of sled assembly 340.

Respective cutter plates 106 are preferably slidably mounted relative o one end of each
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cross section. The C-shaped cross section of each

supporting beam 90 may be di sposed facing eack bamary 2007

to define a generally rectangul ar cross section for
absorbing assenbly 86. Supportin may
WOZ(Z_OP@%Q%e descri bed as channels. The C—shag%ﬁggg&é‘)g%ss
section of each support beam 90 may be defined in part
by web 92 and grips or 133flanges 94 and 96 extendi ng

therefrom A plurality of matching holes 98 are
ornmed in hoth gr 94 and 96 may be used

rgfe.ablg
cucrg) JouTbg FeeHbY S CHBRUE Do oAt 105 When sineitg yoncie
(not SRFRELY SASnD TSRARE Yr %@E%ﬁ%@ﬁ& pleg3399! @1@@ a@%mf%hb QM1

easy replacenent of energy sof bi ng el enent
moveglprgiudinglly relatiyp to ene@gm‘ubmg abdembles ot amdurngmﬂp hpitazd 310.

As sl%%s rﬁblg?%r | OV&rtbﬁ%rﬁ r&fds@? RLAREID ﬁ%é{tlobengxigg oﬁ 816 impacting

use energ a

motoeiraém:ﬂmﬁmy b2 Glsiﬁ:ﬁed/\b)t' tutistipipes 106 @adiepdraipdhhg ds@tiatcd @nergy
b En‘oo é(?hown in FIGURES 3, 4, and 5, a pair of
absorping e O

bing elenents 100 may be attached to
n@@y%so@angm@elﬁmsi%ois SRR BYFIGORESD, ag botneBifhe
Anot her pair_ of energy absorbing el enents 100 ‘may be

be re@ffﬁféwé@ "bex beame’s Eaeh ensrayisbsoreing assembly S6 pecferpbly mhglys a

e PREONAESRETD Bt RSB B L EF Gl e
spaced | frome edch Gli. Sipporting béamsr Wsipee tai geﬁelglly ﬁ?SshQﬁbdadidJ-s%ed
oy S e SR L e S e

facing bRNERhE 16 QA find Al geAOABy ARRLEAA trOfSsectiihelod 3611@:@? QbdHEy
elements 100 have a relatively uniformthickness. For

assembiB6.o SEPROERY bagms 9Ptm43raa}s0b'ee drseriired (s ehanpelsa rBhet Grshaped
. ' | ;
crosstsgdtﬁ)ﬁ F Sach a{hg S b §'m beg%%%l%y u@ﬁ&giﬁé Wl o3 a%%ﬁag é)r

exten |ng a eng rgy “abs
ﬂangaélﬁiemil% exElnémg yhee&fem bAqglmhtgrwmmhit@Gloﬂmm@ré prefieably

tormeg 18 BotbHipR 43 ahd BS Fredbg drec o Mt iiay b Sicibe Pemens 1ga o

energ®fabediBing Yas £4. NFadidnod@NOR pYefgally alMP SRO4EPIRAAE of
CT/ US2003/ 007583 14 elenments 100 and their th

energy Abportngdloraants 19yalipecollisianed 2 araburvehisly vafampen @lat69382 A
vide (RPReRBPh BL k) 0 LR LRGP B Rg ge

IOO“g;dhsupmnmgbeMHm%t s, increasing their thickness, and/or

g A BB, o 2ol B S

elemeﬂ&SIQlUbﬁaﬁr BoQuttdéHed itd) ati m@oﬂem@de&a%ﬁekgﬁmmgﬁss&m%c
' energy. Energ absor ing elenents 100" may al So

Anothep pair rof Fnengy ahsorbing qmaﬂésslf& n@hé&raq@plwﬂet@ grips % pr ghe

_ oppos?c{‘a1 stdd&oP, @%?%sd 13} gg| l&‘ggcel- nEO@Qtle ﬂr@%rabgr difioked

eone ura I"on ‘and nunber ~of
betweal sanhmaug)f ehepgy absarl:ﬁmg)elandm bOsmljeit to amecam igfip94 and

9. ABpalin e rateRers ?%Q@%@S}gggg%%oieg B i LA d B AL Sd
energy absorbing elements 100. For some applications, energy absorbing elements 100
have a relatively uniform thickness. For some applications, it may be desirable to vary the
thickness and/or number of energy absorbing elements extending along the length of an
energy absorbing assembly.

Energy absorbing elements 100 may be formed from various types of metal alloys.

For some applications, mild steel may be preferred. The number of energy absorbing
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absor bi ng assenbly. 10 For the enbodi nent shown in

FIGURE 3, cutter plate 106 includes a pair of Zhé&apupg2007

cutting edges or ripping edges 107 and 109 di sposed at

' end 101 of respective energy absorhi 'y
Wozédé{a@%g?tti ng edges 107 and 109 may al so bé@gggzg@?@gsgyas

rip blades. The thickness of cutter plates 106 and
gap 118 between supporting beans 90 are selected to
allow, cutter plate 106 to fit between grips 94 and 96

d. adj t tj, 15 . 90. Slots 10
clem i B GeL PR hicessarey G vEisd Nousmeing b G i
appli€hion Bt thelRItiRbRES HosdrBing ASRESIY] Yiréiihh Ble Mdbeorl

Cutting edges 107 and 109 are preferably disposed a
absorhing lemeits, ipgreasing| their fickngsse ard/ ey inglsasing thegloagtl mé renery

t | [ t4]
shsort R Slehhs 100 ATGEN R M Whrey il Snel i diliflc an
increzsed) mownft of Rinaidpenorgymiinedgy absorting ¢lerientsl Yy mew alsebadefered

t.0 soci.at ed en absor bi ng. el enent.s .100 The
toas RS BF ARbERls T HehtnP R Bl miyate SRRttty skt o vy
the gédnitic eUnifightatibn AW mekbat by éetsy VelerRS R ORI to select
el.ements 100, is preferably selected to cause the
approguale gicy alpys fepying Apeib ihs itignded application o thegesuliing epergy
absorbifP84s00bRS they are stretched between respective grips
94

and 96 of the associated support beans 90. 25
Efer the emhndithént ghesve ire FIGURD G, antieraplhter106eiellides a pair of

nents of.an eper rbi ng .system .
bovel AR o sPla it o T ehippaacal Bisf Lt ogesmpeve
energp BbdoetiRd hegemblg 6a Tzt ddesi 103 Whe 109 aday tal8Yoer RéRibEY as rip

tensjle strength and are not affected by

: their d
bladeg, Ll Biikasss af cwisTiaieies SpfLangkive 13rhgtweenswpertisg bepms 90 are
selectPtof ARWORHEMHIRY 06 ie il b{tﬁeéﬁ (ﬁg 94 afi3 96 g#l@gﬁgceﬁ%i)ga@negs

absor bi ng system Specific tting
beamg¥7 and 109, 30 along with their angular relationship

r j “e ner orbing, el enents 100, .may_ bhe

SR Bl oo B AL BT Pl B gt 100
adjacanhiocdspettivie dagterghlAs | (BatCting)ed g0 ¥nd wgsaggfmmﬁ& &/

86, 22 Japyary 2007 WD 2004/ 009406 PCT/US2003/ 007583
at an qogte apgleelatipg fogmetgypbroriing elemenie 00y Foy the ermbodinent shown

in FIGURRG, cRkiRf @dgs 107RAE 1od S %e%ene& b fo?l%m‘é@ a?%u é@?&

col l'ision or Tnpact I's genéera transmtted er&fy‘/
approgigaiehb fonty-fiesdagtsies alativg o laysociated enengly aibeortipg cleAmnis| 106,

40 sl i i.t.udi L.y t d dsi
The FEBARRON of et B8R 160 A0, Robte S48 PFingyaryelaftes 1o
energyralsobttng ickaicpRtion] ishyrefs@blyCitldeicd Qo Odantd BRI BGockatédl energy

ener absor bi ng. el epents 100 by cutter plate 106 as
absorlg%g}%’gelﬁ%fooetg & ! ensjos aptheypee strét_ched betwee1p1 respective grips 94

and 96 of the associated support beams 90.

Energy absorbing elements 100 and other metal componenis of an energy
absorbing system incorporating teachings of the present invention are preferably
galvanized to insure that they retain their desired tensile strength and are not affected by
environmental conditions which niay cause rust or corrosion during the life of the
associated energy absorbing system. Specific dimensions of cutting edges 107 and 109,
along with their angular relationship relative to energy absorbing elements 100, may be
varied depending upon the amount of kinetic energy which will be dissipated by energy
absorbing assembly 86. | '
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For relatively | ow speed inpacts, such as between

approximately five mles per hour and ei ght eef? fanmawy 2007

per hour or higher, one or nore relatively short

of energy absorbing elenments 10

‘wozhﬁ@ggﬁfed i mredi ately adjacently to cuttgFﬂg¥£F§mfﬁ%.

Thus, 10 following a | ow speed inpact only relatively

short | engths of energy dbsorbing elenents 100 will

require replacenment which substantially sinplifies

r ir an i.nte ce of energy absorbing system |

SRR e s R S e hor GRECR RN G1H AgTReL St 5%
the &6 &tBe RIIRG! HinYact RUhEE1Y PansRBED tOEREy BYorBing assemblies

plurality of cross braces 314. Cooperation between

86 by sHyiscRlaiedAe.cAgsled assqmbly B4R slidss laneitudiually soverdreedsige hazard
| ' [1£.S4:1.1 I bj .
310, EARR el R TR R yBle SRl e o B Rl i ping
of energy absorbieg eleyynta Hebbpiutigr slytetl®Mas SAbvins fdrekimaple, in FIGURB
5 safely absorb inpact froma notor vehicle that strikes
" inpact fence 382 either offset fromthe center of
| rHoaedlativeRCRw3§Redimpabia) sush kb keSvebBRRFbxiMeREAIRERilA! per
ther, than parallel with energy absorbing

|
hou g agipenaailey et hayr priehyy, o 96 Fistnelaiz el st leeethed carrgy
absorfiiBg gﬁ:%eflﬁ QB riaf bE ﬁ%ﬁmﬁwﬂﬂfﬁ ad]?c%ntggto icﬁﬁgr :pﬁeaﬁ)%o F[‘h{l&},/

use any energy absorbing syste ncorporating
following ehpwgpeadfimphe onjyrrelstively shoviclengtimnof dhery gscaliing eloinegys

00 BRI AR A ey S P o

Q)
-

of
¥ SHap eg Jepair. §ad ghaintenance of

energy dbgoebing Hgiche320s 90 for energy absorbing assenbly 86.

Elr}‘gr absorbing assenbly 186 is shown with only two
e VS%W%B’S -Sergy ehtihing aspenphligs B ape@eefarsly secured to

each ShSPOP § PLRMiY Fb@gf]ds% tﬁﬁéésdﬁﬁ. t(‘.g(?&p%ﬁﬁon HORRAC et R 52,

spaced ‘from ea er to defrne cutting zone or gap
cross bgutes: g and enovgy: absofhing gyenstiiize 86 iresylie ircererpy sbddsiingraystdne

. 1 rting,beans. 190 using . various types
320 YL OGS b PaARRR R0 AS SR D L ey B uipd Sitem 20 B
able tdesafely bigorbl Dpacn@eg ¥ rAREOVEHIE thad SHRED ImRst Bheo 382 either

Chﬂ??l cal f?stene s 198a and 198b as shown i n FlI GURES
offsetyzony Hie oeaten ot frapachients 2 erdbe stukestimprgt fewse 883 at an angle

otherﬁlﬁﬁﬁﬁrgiléi%iﬁleﬁgi@?ﬁﬁsor%ﬁl% a‘ééemgéyﬂ?orti ng beans 190.

Al ternatively, “energy "absorbing el enents 152 may be
aEnergy: absorbingsaspquahlics 1§ dndlBs ag Slfowruini FIGURES e antlyipeay bé

iR N506 M S Do Bl b St b O B
preseP@ERehifR0 EeR) 2bSotbidPassatble I8¢ ﬁﬁlud@ﬁpﬁﬁ%h%m{gtbeﬁjﬁé or
afbsor hing el ements 152 with

ttachj ng enerqgy [ .
chamélaaﬁﬁ PG to Breliorsly deroribrd swarertipg Seaves Hyfoasmergy absorbing
assemBRIHE0 KirdefdyelnXorBing Gckembh 1889 SR \Jv?ﬁ O?ﬁtt\% Sher alesoﬂ)ing

su 1 date &Y 278

pporting beans 190 to accommo e asso
elementgtor cip platest B2 disposedamvappositel sitleREheTedfs Chanrelspl 90de spaced

from caS'GHE b Ge re%\ﬁdcu%g zgnl?e%\fmggpgl S%fqgérgﬁleh%ge%f) rbing assenbly

Energy absorbing elements 152 may be attached to supporting beams 190 using

various types of fasteners including bolts 103 as previously described for energy absorbing
assemblies 86. Mechanical fasteners 1982 and 198b as shown in FIGURES 13 and 14
may also be used to attach energy absorbing elements 152 with supporting beams 190.
Alternatively, energy absorbing elements 152 may be attached to supporting beams 190

using other types of fasteners such as Huck bolts, rivets, by welding or by various
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5 486. Sone of the differences between energy

absorbi ng assenblies 86 and energy absorbi ng #skaryy2007

486 include variations in the length and thickness of
rgy absorbing elenents which are
WOZ@E@%?@S to energy absorbi ng assenbly 486P&19E%2§&%%w
absor bi ng assenbly 486 may be fornmed using supporting
beans 90 as previously déscribed with respect to
ener gy absor bi ng assenbly 86. 10 For one application,
eral |

- SU t|n . bea channe \Yj

achesf VR0 Pl i3 B Ractine RERS lserymne Avap 152 56 mppeting

bemn@ﬁQ@ﬁJﬁIuﬁé%l pmh@ihgaﬁ appﬁ)priatél}eéizeﬂ&dmﬂg EhiRNGS beldeb® Mlppoting
roxi mately two inches. Miltiple energy absorblng

beamx%ﬁ ﬁ@%onam%teﬁhep%&ce%emﬂer pl%ﬁmtsiwn )-408, 410 and

AT SORE Y ah e A Rl Rl oA Py QST ity

486. t Bemex:&rtm alifEnenass bq:th&mREgW absothings assembliesngfirbed caergy

absorfi3R' dst Rl 460 aRtugk SRR 18 b e n B P L ey
absorbipg Ceidrbetsswhiels anf replacdablyngdctre@o chagy aﬁ&ﬂﬁ@@ lafseRbiyo486.
ragy. absor el enents 402, 404, 40 408, 410,, and

Energy s 496 Fasun g dpwaeds Vo Suprorinedienss 9% peprskiously
descnﬁ@&wﬁh!%ﬁéct&fenﬁﬁ?E&ﬁrtﬁ%S&Eé?ﬁWS@ ements, their

hi ckness and [ ocation ~on the exterior of energy
alb“'gbonﬁ appliction nuppprirgheamy ob€-chainelstidiavoapevdldiength of

oo Y HSESlE R LGP BRIl 3 e
helghmﬁhppmwnmﬁﬁwd mqmas:t Multippestierey a¥sbehindélerddids sraip lhaes 402,
o0 A e L7 S SRR 5 P ko C-

chann6REIPby hi8ade® Thined! WENGE 'ekﬁnﬂfe shé\n iPFRSORE 7, the same

|nvent| on includes the ability to vary the nunder,

numbey gnd cgpidguraioatof orergf ahsorbingyelamentsAdy #i4n @Oﬁabéwnus icogths

|
et L1 AL A AR RGP Yol Bl
energy glsbﬂﬁ@ﬂlgméxfy M,CHOS-M%D %@%l(ﬁ?ﬁwﬂ-? Vﬂ@‘te ﬁr&g& ﬂ?ﬁl ABz2niaedl
. | i ate ace e first, end of energy
il 5T el 2, Bt e Ao5orbiEsITRomi b Suepsieag looston
on th@ 'ékt%ﬁér ﬁ1 SHefy dpRrbiaP SsRBibly 454 hﬁ? beSdeRbted 42 gﬁﬁri/deb@esued

formed ;@% the centerline 30 o energ(%/ or bi ng

decelqsatmwhargct chion vargws sizesengdriyres of vehiclestdusipp botkihiglt splegd
hal f inches tapering to a radius of

analows?rom #a?‘gly one-half inch in wdth over a I ength of

aﬁmcenméiﬂlﬁhml 4/1831113)51 ble pedvided baRvedR Bnedgyahadtbing clBents 410 and

04/ 0 94 2003/00758 17 For some
2 of iy A7 RSB pARG, OneChe Bogeal Beefisoef the

_ preselﬁﬁﬁvdﬁﬁoﬂ ﬁféhﬂ@se Bl a)élht ‘t‘cP %&?dthéé\"nhﬁb&h %zé Gnd ?&Eﬁdﬁe of energy

supporting beans 90 using relatively short
absorhing |glgpientajon each side of an encrgy absorbing assembly to provide desired

deceleration characteristics.

Slot 102 is preferably formed in energy absorbing elements 402 and 404
immediately adjacent to the first end of energy absorbing assembly 486 to receive an
associated cutter plate. For one application, slot 102 may be formed along the centerline
of energy absorbing elements 402 and 404 with an opening of approximately one and one-

half inches tapering to a radius of approximately one-half inch in width over a length of

- approximately six inches.
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fastener 422. Also, the Iength of energy absorbing

el ements 402 and 404 is relatively short in 22January 2007

conmpari son with other energy absorbing el enents

ed to and formng a part 5 of ener r i

\vozgg@@ﬁ ly 486. The use of relatively shor?¥ﬁggﬁgﬁﬁkgg

fasteners 422 and relatively short energy absorbing

el ements 402 and 404 al |l 8ws energy absorbing assenbly

486 to be quickly repaired and returned to service

after a rel.at.ivel act cal fasten
428 PP %PBL%F%‘P S?"P @4%‘“25%3&%? g]%?fepla"e
securab KGthbthe Gespadive I’Sﬁﬂpﬁrtﬁ&%daﬂa tgoeowﬁditeg rédtivelyoshot rt@erogm:mm
sorbing assenbly 486. Mechanical fasteners

fasten&ﬁ &%2@%@%@% f sngsky Ehrorbing, elerpenty A% and; 49k edelaﬁéﬂy

shor B S Sl oy SleBpra ogﬁbﬂﬁé%etfé?éﬂté@?%g“ﬁ ot 998
of engrgy labsoging asserslplzrdB6.i Theudsiof Irelaml)gmoﬁ ragvhiars gad @@nerﬁdﬂ

ot R} S 00 RS L B Y M 4 Sk e e

, assen‘&ﬂ)ﬁ a8bite @e aﬁmﬂgbfepaﬂ%andt wortddageserdte sha@pp h'é]ﬂw%@'f @ithor

el.eration appror|a1efor avehlcle wei
lmpa%’ip eﬂei 24 narzé%e. Hrefgiebbreexicnd figponedfids ofgnersy agsorbmg
assen’fb%ﬁ%ﬂortﬂe Bt!h@xvﬁclie & err bg?‘éﬁ:ﬁo% .Iaﬁélﬁb RREUSI RAREDHsteners

absor bi ng assenbly rovi es pping force that

422 apg 424omeolsrtiods er Hmks Iaaprgepu%dﬁsm'ibeé weu ghl ng
ARRLY gﬁ;fs}bgillg etem@f0 aoX UbPUoB o XY 4L, ps?wg%@ercglgmnon

configurat |
charactbistich iwlich silag rﬁmifaﬂoxé&)&br é&%;ﬁc%clé%ghﬁléhdaﬁlﬁedbﬂ For

i L
througll LRGP Aotk AssBBBly 486! REY @%-s FERS g & Mleleration

el enent 200 as shown in FlGJ has been nodified to
appropagfe der a vehisle weighiag aepﬂomaéeljofﬁ%rhliomtam@m\e@d aThe

| b :

o 885 S S5O Bl PSR, i

stoppinig aforcs| thits is2 Bspropeidtec for t lagere ReHigys %gbﬁ@gaﬂ]ﬁﬁcﬁnﬁely 2,000
sof bin

Ty t t of
s S B e

elemenBSARS 104, 0108, LD mmedngmmvﬁﬁbvgleﬁerg?%lsor&h ta3seAfy 486 to

cooperate with each other to subs tial ymnlmze
providen gafp rdecelenationned cvehistes | weighing distwaencel kilograms and 2,000
lqlogljén htvva ght vehicle colliding with sled assenbly 340.
or sone applications, center line slot 202 at first

e _Ederg@absofon@rm@yat mnlsas rshomftgm FROURES RS bﬁeﬁaﬁbdma,d htbl aedgcaa

. W oat appr ox teytree rters o anlnc an a
the mﬂéﬂgﬁ aggrblzﬂﬁ Weﬂ}o‘gsl&vq%@mw angngrey AbITiRg Sysiem
pamcﬁﬁﬁyl with fe@ﬁe%t Y& nghweﬁght RERES. ZQﬁ/aﬂ Yok 904 Iraﬁ&@'tﬁeakﬁe?gy

d align cutter plate 206 wth energy absorbing
requlreql &niniftate terang v ioknineaef) anprey fabgzbiog algment 200000 iniNgl impact

particglgl%‘ /w%%'&)gcﬁgz( H&ﬁ&%&ﬂtox%ﬁ%?e?’ 6§al slots 204 cooperate with each
other to substantially minimize the initial impact or jolt experienced by a lightweight
vehicle colliding with sled assembly 340,

For some applications, center line slot 202 at first end 201 of energy absorbing
element 200 may have a width of approximately three quarters of an inch and a lehgth of
approximately six inches. Slot 202 may be used to receive cutter plate 206 during

installation and align cutter plate 206 with energy absorbing elements 200. A plurality of
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el ongated, oval slots 204 are preferably forned al ong

the center line of energy absorbing elenent 2B8%January 2007

extending fromslot 202. For one application, ovaI
04 have a length of approxi nmat el
WOZ?:D Mﬁ 2'/z) inches and a w dth of approx¥c{[p§%
quarters ('/<) of an inch. The distance betvveen the
center line of adjacent d%al slots 204 may be 5
approximately three inches. The nunber of oval slots

elong\%?i. OGV?}P %}tafg 29% h%?%fa f?ﬁt@ﬁé@%@éﬁ%ﬁﬂf@a? 04H§B %@r%eaaﬁprbing

eleméh® SOEE:ARIEho SN St 202D FOF MNgpReEeATRIY. sld%mmqﬁee a length of
appl i cation enertg(% absor bi ng el ement 200 have an

approgipagiely twe antyene helf (£16) inghesiapg a(wigth qfr@@nr@mﬁaiy threg qretiers
%) ogp W ARGRAR. Iﬂé’clwfeer{él c%%}:elj fﬁfeh:ﬁsa aE t fgglrgffcgs 204 may be

I cations, energy I'ng ele
apprqth‘teéy by mxthap ORecunit@r ofrredishtte204 @) the einhéngioho of oval

slots ?g@gﬁﬁ%é}@e %ﬁé%pggdug%at % 1.? degl a@%t 1 Igt%B%\s/soclaleld energy

absorBiﬁQ IS 1) 314 eFar o dpytiédtivs, c(né@y AbBSHRE olRHAE 260 19 HavdBn
cost of returning an aSSOC|ated ene g% absor bi ng

overel)Jape At For oS BYS/ S 5S P WROL fo amd SRR inches.
| ipghtg qug%ééﬁ%sdeﬁe a%so%ifﬂ el %ﬁhfs p‘é %%hh &? c%gd

asse eene appro
immegdiateby hdjgweuﬂy\tmlrespeqﬁlvd cntbetr pia;q Jio6e Thitnitongbibe goverall Iength of

st.ant i nount o er, It nly.be .
energ B RE88% ol 2B BbiokimlY Sobsme (437 daeBReiheses g e
and dagH oﬁfdhnﬁﬁagtﬂﬁaéébdiﬁéd eAE: gwb@mﬁg kidieh ab eRBMeS following a
attached to _an associ ated energy absorbing assenbly .

-collisigg by gAiehisipisht yehide era e pread vaincle with slad psserpbly 3@, if repair

s 4 S| LU o SRSt el B i

amouiGs enetgy) 1tamdy dnlljz be\mchssa@(m aepaoe endrgdabs apingrel enipati 260 aid

s 5y BER FSHRE SRR A b

assembPfd6l cati ons, the mechanical fasteners nmay be blind

threaded rivets and associated nuts. A wide variety of
bIVAHes, pest %f mﬁdaatug afgtenesy may beosatiefpriordy agd [ releasably

attachse%ﬂlgrg agééi@ € ?odv'z"ob dnlifor Hﬁf%@ttrd@l(@é“ﬂ@ an_|412 with

¥mid
such asteners are ‘avail abl e from Huck
associnied support baasds 90 nikor, some cpplmdtionts, 6 ciimbmauon bf long dplt Bnd

P TN R TR .

may blelltikd thidadeditdimdlassdoidted nfxer A\/\ﬁlﬂé Qdirfety SNnG Yivah, S(ﬁitb b0
? stem 20  as ‘g{}own in Fl GQURES 9A, 9B and 10

other f4steners may bsd rily Bseéﬁfétheﬁha DESCI dRetion: E)aaz!aﬁ@f of puch

fastenfa@cdr@ %v&f‘ﬁ;?é“ﬂ%ﬁa ek Fhfernafital,| %JR é%éa_jle](_l g@%%@&%%ﬁ%g

system 20 are al so shown In FI ner gy
Califostis 82 HiSr2$ 830 Powst tonls 38tisfictornp fsrdnstditing such HinGUREs f2. also

aveitep R Pl S R o R mponent & Enery |

aEﬁ@g)b Iaﬁ.ﬂ)ﬂﬁﬁgtsjman 20 @anshoddain FIYURESTBAI 9BSarlde10 may be
scrlbed as atin redirectjve crash cushions. 22

mstall %eg;t S $HY en o roadside hazard 310 facing oncoming traffic. Portions of
energy absorbing system 20 are also shown in FIGURES 11-18. Energy absorbmg
system 20a is also shown in FIGURE 9C. Energy absorbing systems 20 and 20a may be
formed from substantially the same components. Energy absorbing systems 20 and 20a

méy sometimes be described as nongating, redirective crash cushions,
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_ woz@lﬁ@%ﬁde hazard 310. Sl ed assenbly 40 isgﬁ:iﬁhéz%ﬂb%ss

‘WO 2004/ 009406 PCTI US2003/007583 19 FIGURE 9A is a

schematic plan view showi ng energy absorbi ng sistaanarz@007

inits first position, extending longitudinally from

Sposed at first end 21 of energy absor g systéem
20. Sled assenbly 40 may sonetinmes be referred to as
an "inmpact sled."” First #hd 21 of energy absorbing
system 20 5 including first end 41 of sled assenbly 40
f ncomng, traffic. Second end 22 _of .. energ ..
- ablePBRMR e mﬂ% Pl iR fleing PR EPE éz%t%% RRdn ity
first PodRioRNekikinE 088 uaiBalNAAah toadtidd Hadil 390.0BIAMsBnbly 40 is
__traffic. Energy absorbing system20 is generally
slidabily\disposed ot finst ¢nds2 1t afronergy ghsorhing sysim B0.f pled ssembly240 may

' 1 udi | ' . :
someifiiyqs¥lshFlo, PRREA S TEARSATL BPGc Bloiig Whichl20
includitp fitd end e of phededsenthiig #0 datien ahtomihg aaffieactecont bek 2206
e b en B A S Bl T SRR RS 50
310 fhcifoincBdink Yrafi. "Boblegd ¥BsoRSAL SRIED is glMLalFUARETed &f its first

panel support frames nmay be varied defendl ng upon_the

positigrewith digst et lengitudingliy spased fera gewone el 22 asheVnithiJGURE
system Miltiple panels 160 may be attached to sled
" assenbly 40 and panel 15 support franmes 60a-60e.
Panglhisalityoél pamsl ssppoet framss GPe-G0e faser speckdtlongimdihblénften sach

or, “fender | s." \Whe hicle inpacts.with first
other g sliggbly fisposed gwatafirrhein g apdtearmird 221 Lepel Sippatfrpss
60a-669 iy doridBvEs be Refbkdidiona tianiedWREHEbIee2d The QluﬂlﬂgﬁéﬂFmel

310. Eneggy absor bin assenblies. 186 (not expressly

supposfearpesinpryHieciarebdepandipgiumm) the fesred Jenghof e assgiated eRerg0
sbsorbif sy M1 el 1B0%ly PuteBhd TRHARE M pane]

- suppodl femea 68060, dzeely Vo0 mansomciiales bé wfdrmed ax ss Hepdbist et " femidr

21. FIGURE 9B is a schematic plan view which shows
% ed assenbly 40 and panel support frames 60a-60e and
t pgieh Pchatd ahRdisPARElift 8D 2¢ VAR EE dbRAIRE SytdnY 20,0sled

each other. Further |ongitudinal novenent of sle

assemflys#h il mpye engifpdinely to¥euerasasida bpzanl3i0s  Bawge Abserbing
assemBAGE] S@W&ﬁfesﬂg &Mﬁﬁg(g@gﬁsaﬂ@ and @@b\gfgl: %@&‘3 $nfsy from

expl anation, the posi ener gy I'ng sy§tem
the inPactimg vehicladuringthis nEvRiBed BP amej siuppont fhmes 6d-G0e anbassdodated

panel

panc Al B xR & it iy Epna ) /S s

schenfi6 S1AR hiewAPhivh hows S18€ hdbhdly 40QME psB] ShpPorPRhdhésVaB0e hike
di st ance between the first position as shown in Fl GURE

their ggsociated parely HE0 sellapprd piaceriln o gachsplbol Frrtinr doritudipal
movelgﬁlg @g ts%g ra&g%ﬂﬂ L{(})Ztﬁ?%‘d g&@éiﬁg fazaft510Gs ﬂfe@&t%ﬁaﬁeﬂsﬁﬂpoﬁ
frames 602-60e.

For purposes of explanation, the position of energy absorbing system 20 as shown
in FIGURE 9B may be referred to as the "second” 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 between the first position as showh in FIGURE %A
and the second position as shown in FIGURE 9B.

Panel support frames 60a-60e, associated panels 160 and other components of

energy absorbing system 20 cooperate with each other to redirect vehicles siriking either
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ener gy absorbi ng system 20 cooperate with each other

to redirect vehicles striking either 22 Januar32 Jpgary 2007

WO 2004/ 009406 PCT/ US2003/ 007583 20 side of energy
rbing system 20 back onto an associ a
‘Vozﬁgégﬁﬁaive panels 160 are attached. to S?Qﬂ“%@@ﬂl ?
40 and preferably extend over a portion of respective
panel s 160 attached to pafiel support franme 60a. In a
correspondi ng manner, panels 160 attached to pane

side GSAREY NG 0R PORBIOME A aOA ey o ety panel

160 2 BielchsdipPpMdt asbandiie 46 @Rd pNrhtdY Sxt&@BRN 8 RoRiodlofeaPEdNe
absorbing system 20 provide substantial | ateral

panclg |, g éﬁtﬁchﬁdof?g)&ﬂ%élsumb&me PPkl GOaPODENA AR RANGls 160

okt BN SprPACd P o uRBgl el 348 ' BBl Bbtin o

panels ihatathetl ta panebOpp GO fraas 66ip pVajus edrepontizs b geryyl abddibing

I S.al so,prefera | i dab] 10 att ed t e of
systa 20 E LB EAL bt g b et s ined s 800 Y et
160, stream panel s 160 overl ap down stream panels 160 to

al | ow t?l escopi ng or nesting of respective panels 160

adssnd 05 off3eh panel Hifas prsbuetdntcurlyiiaghgdin tledagsambly 40

. p t -
R R T e B AT R e L
attachgd tnignewr mere dogwnistigam panelipppdrbirEnes G6eHoPo SEp stodam panels 160

illustration, .second.end 162 .of each upstream panel
overlapdoWB Sl B FHO3 AR der G5k EniR, oGRS fetmen iy Lpanels 160
as parliRppam fiu@bs 6UasiDaBhde bavharaatl ythé! SubRis@f Phhed Buppbit Frablde
ssoci ated _downstream panel 160. As discussed [ater in
60%&%&@ Rieslalpo H}ﬁarba%oq)e@ tqgefher tofer @ oaebyy BwEP o pdWebey
groupM th each other to mnimze any lateral projection at
second end 162 which mght snag a vehicle during a
r BQiepusgosesnefl iBusiratiers seonind hnd i @2hfreach upsiresim panet $80 is 2Bown

RS e A0 bV P AR el Vit

associpied i dowastrea@xpameldioy A8 ntidchsked Madrl i théreMefa@agaretbe160 will
Q. Energy absorbing. system 20a includes

d
profergily 965t sl B hererh gihenominigize pax Tefeal aieication ok secand e
162 whRAHhightknadh YAEHE dulify %P&@&b %ﬂg@gﬁ@% Qigg'éefaé e gy

absor bi ng system 20a al so i nc asse
absorigg syptame20. support frames 60a-60g and respective panels

1 l.s, 160 extendi. | bot h .si f :

ERIEOE NS Bam B SR AV SRR sy R kS0 s
first obitios,a¢Reendingf logiifudinialdy fronoWeadeide hbhded 380.0t Pnedly RS

12& maci/ v?r% dgpendl,ng on whet her the respective
systenp g ncpudes, hies qad B4 faring eneonging fafiic,gdtsggondasmd| 22 seopsty
attach®H P ¥8RRid0 Tnag2t@! A0AL teﬁgjggg%ﬁg@amg dysteflChd" 6o AficthdlE sted

di stance between two a
assembly 40, panel support frames 60a-60g and respective panels 160.

Panels 160 extending along both sides of energy absorbing systems 20 and 20a

‘may have substantially the same configuration. However, the length of panels 160 may

vary depending on whether the respéctive panel is a "one-bay panel" or a "two-bay panel."
For purposes of explanation, a "bay" is defined as the distance between two adjacent
panels support frames.

~ 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
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30 panel s support frames. The Iength of panels_ 160

desi gnated as "two-bay panels" is sel ected to Zhmupyei07

di stance between three-panel support frames when

absorbing systens 20 and 20a 22 J

02@@@@%%4/009406 PCT/ US2003/ 007583 21 aregﬁﬁ%%%%%$%%3

first position. For exanple, first end 161 of a

two- bay panel 160 is preRgerably securely attached to

upstream panel support frame 60a. Second end 162 of

t he, {wo- ba anel 0 is preferably slidabl attached

are iy el B Res %;S%iﬁﬁm % it epd 1§1phe tabday aprst ﬂaé}

secur@l?%ﬂihﬁd fd apRreflPahed s oﬁfﬁ%ﬂé 6equ @e@(gldv\énhh@ Wﬂg%g-bay

panel s 160 inter dlat first end 5 161 and secon
paneldff 1smeferaW@hd@11e aftaghesidnidowynsiyean pansl mopeﬂt ﬁsmp 6. tAnother

panchsh R D O IR bbb SRR B OB R

161 ﬁﬂ)eeo&ﬁgexﬂri&attached panel s 160 are accel erat ed
rd.roadsi zard 310. rtia of
3*3% R 49358 ey Sk e g Heteime Fobim contac
paneI(E; Fifcasoblaad He 6d@%ﬁ; %e%hﬁ@uﬁfoﬁ%ﬁ&@@&gﬁ%&d]a%hed

icle. If the panel support frane a one-bay group

panels 516% iate, accpleragndetopyard hozard YO, Tlerupiedia efopaneksuppert
f

S SPES0E LAY RN Sl 1516 Bl P48 gt

Vehic}je_rrﬁﬁthbipggel\geppomﬂ Bamaof avondtary ggouplip hitsthp roﬂé—BayaQi\%p will be
couplg] BRSO MIARLPIG 10 S eapi i aive TeaBsby Mok e
To sdfh AceRpaRdathrian lﬁip%hng%ﬁefel y ué&lbasﬁ BRLAGE Brefdidiy ufsﬁésed

panel support frame of 15 a two-b a}t/) group (e.g., panel
downgttﬁaraoﬁqm feeinaneglry) grown e Whee slied gssemblyn40, suiwae o more panel
I
oop{ 5 i 6 ) 884 LOSEA) 95 oo 0965 BB o0
a twoshay groop [{e.gs Iparsl sppott fFanenddd) thet nertit iotho ayme oo Hjxh(le ngre

tan (B35 oE e Pl o neta of Serba g Aopenitysbenhe
secontl Spafd)| shipsdri Gakeyof B0 4RbBEyY tgﬁmbh(% gaSsRel fpBskt FRRR éo% is

160. Therefore decel eration I s sorewhat reduced

contagteh fgpecend orusl Aeppat diemmoD bes dlawen inertin bpdanse ikig ogly@béﬁ»ly
coupl&f to %ya%socgt})e%l ﬁn ?60 Vﬂ@fc?oref' d@niel B3s %Vﬂﬁ%@d@g&j

means one egl nni ng a asse
mBuérgyyabstxbiveg g stemeltfia ihde thh 4o mding3grBupseot Eha@] 24 e-Ri wigre

2 TN RS0 BB B R Mga bl fpon v

towarll ma&a@a/haeaﬂtmo énefObBRYing %ﬁ%@a zoafﬁaslaq%d)a%r@pt(mn é
group and anot her two- bay group shown i n FI GUF

sled aﬁfmb 04Q ag g\hay i9Fndepf 1t§elt)amcﬁ1@qnémfb@y ey, amerbey wronp,
bi ng system 20. Nose
follov@kﬁ bgg*‘ggb?ﬁé‘g%%&%%gﬁg‘?‘g%y%%% ‘angul ar sheet of
f Ae sidvheinHIGRRE 14, mp@ coartrel3 mhy béuoked @ sheligmsendfly A0 ar

first enid 31 of e%g’rg}fa/1 ra soalgntlga Eystem JO Nose cover 83 may be a generally rectangular

sheet of flexible plastic type material. Opposite edges of nose cover 83 are attached to
corresponding opposite sides of end 41 of sled assembly 40. Nose cover 83 preferably
includes a plurality of chevron delineators 84 which are visible to oncoming traffic

approaching roadside hazard 310. Various types of reflectors and/or warning signs may

~ also be mounted on sled assembly 40 and along each side of energy absorbing system 20,
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~ to conpsefe fyindatiom 3§ Wftonh of eogpide hazardr 3

correspondi ng opposite sides of end 41 of sled

assembly 40. Nose cover 83 preferably include?? fmuary 2007

plurality of chevron delineators 84 which are visible

omng traffic 30 approachi ng roadsj r

‘Wozﬁﬁﬁgﬂ@hrious types of reflectors and/or 3§ﬁﬁgﬁéﬁ%ﬁﬁ%s

may al so be nounted on sled assenbly 40 and al ong

each side of energy absogbi ng system 20. 22 January

2007 WD 2004/ 009406 PCT/ US2003/ 007583 22 Energy

bi f bly. includes. nul tipl
B Afeiies Siemsab peady Tseid gHERN regk Jeehivs
assenfbl¥S 186813 Hh8RsfesiR WP SE 1) 1®XtseN HIGOREIRY kithivg

I onl%l tudinally fromroadsi de hazard 310 and pafall el

generglyt longitudinably Hiom rogdsidederaed 3 Hpaidi nezaliebwith cash other. oier 5@8e

. j ; or-hi .
opi S0 T S8 AP168 3500 00 B RO S0 LD Bocmiy,
186. IBB8rgyeabstrbingpassadly déeinabilvy1¥8r may boepagyd lasdasiby oo gnergy

senbl dnr 189. For sone applications, ener
-abS"fﬁ.Eﬁ%a?SB‘i“ﬁ‘a].’ggé%m ]i%gs 186 may be secEPeI y attached t gy

C POE §cdkeCappHEidad, g PARorbgl keniblied 1560a8sbIR e aftsbhed
310. Each row 188 and 189 of ener]%)sl absor bi ng
t Eash qowgfBs il dRS of

o SRRTIRTISAR 0008 ok ¥ i RO HgE Sy

generilty wiltls Grspewd 2t afsingrayisbsodsinglsysthn2®nFird end 41 of sleindschbly

. 0f ro 8,.and ,189 prior, to ehicle | Ra
40 s §lsa DRAPgO G1aSr piieshs ¢ fish oaf 180 6F ivecheBCRa gy pror o 2
vehicﬁbﬁpﬁdv_i ng system 20 to prevent snmall vehicles or
vehicles with [ ow ground cl earance fromdirectly

i FpEREELlY P& may be piided gt ensk 2 efeneneygbambing ggten £O to
preveftAFRUARRRIEE LY yoliids SvithAb IR URErand AR idrectiG Binfilcfindfist
vehicle wth Yow ground earance my CONt ALt "8 r
end 187 obuwrs ¥88rad 18AJIf MaBip msechblye & éxr ncet peavidedy 2 small vehicle or
. dec ration with substantial damage 1q, the vehi

veniofg o ot letey ipd honfie, SRR et 51 $5B) GRS
experielREsevere deddlRGHANHitR siRtanFAT ditlagt €8 thEyehite BEEP HREy

ensure that a 20 vehicle inpacting end 21 of energy
occupgis ythe ¥ehicd® wi 1|1 properly engage sl ed assenbly 40

agei ARt By ' . 0

e BB S emte SATDAEL shichits R be by (Ut Kt o
vehiclg 2mp&iog endi @b oB energyedbeorbink \20i will | puoiesly | eegpgB 4lediakdembly 40

and S REGRY Pt G <ol bR e B crlthmes erats 20308

-includeapaB o @drips33. HallovinDBpréfamblyIdchides R 3386HH @peted surfl'ace

egggg d with respective energy 25 absorbing assenbly
36 extepding tgreirgmmConpesiare 88 paond framd lpe 34 apagsits ipm tapered gyrace

36, (VnnéWRdRk 8K Bl Havh fintp B Q&RRlY engaged with respective energy

absorbing assembly 186. 1

For some applications, leg 34 may have a height of approximately six and one-half
inches. Other components associated with energy .absorbing system 20 such as energy
absorbing assemblies 186 and guide rails 208 and 209 will preferably have a gene;:ally
corresponding height, Limiting the height of ramps 32 and energy absorbing assemblies
186 will allow such components to pass under a vehicle impacting with end 41 of sled

assembly 40.
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i nches. O her conponents associated with energgl
absorbi ng system 20 such as energy absor bi ng 22 January 2007
assenblies 186 and guide rails 208 and 209 wil |
I ably have a generally correspondi '
Woz@iﬂrgr(lkfglkng t he hei ght of ranps 32 and ener%@@%@%& 1:5%39
assenblies 30 186 will allow such conponents to pass
under a vehicle inmpacting3with end 41 of sled
assenbly 40. 22 January 2007 WD 2004/009406

PCT/ US2003/ 007583 23 Tapered._surfaces, 36.may have

IR SHrisn s Ry e ¢ DL Of SRR ana onDelf
inched. 2 PRIPEEd SHFFARSE 88 By BB YorlaRd 8 BREnDY GHbilalGled angle (not

structural steel angle (not _expressly shown) havi n_89]f

expropdyfhoxin) pviegaomainal dipensipns of fhereriachep by thipeiaclien bioge
_ A ol o ; . :
v % <A oot e dHpfobf B Shin B! el SRALARSS Ay

steel angle enayape adtackict] do hrespettiver egp8ét usire welding3tchmiques and/or

wel di.ng t echni ques and/ qr chani ¢al. fasteners. Ranps
mechifedh s gt ooty B o R B € bE T “For some

appt kéndd hsPhSations,adedsiie Hagaarido 3h&oreskrdf AROMIHDY system 20

absor bi ng system 20 may be di sposed on_and attached

may hedigposed pmphd altashed t@tveS%tablasrfﬁ%gt@ of @enhalh fousdationg r Farfhe

LEeRat; ﬁgﬂyﬁE E C
embo%ﬁg ati onm30 pr gp g ra!gﬁ*t’? I%gg%gtﬁ ﬁﬁfﬁoﬁﬁcﬁ%ﬁbw extends
both loogityidinatly aad lajeralhyfrom trendsidé hafard A1G. oAs shaten inalGTRESL (3

sho in Fl GURES and. 18, ener absar bi n
and 16 3 Wbatoberassnbies e Bt A5 SR e atacted,
to a pRirdlisg bEsossties 2, [Hadi abistiy 20 inag be séduiddSo dherdmalindation 308
crosstie 24 ma%sezbe secured to _concrete foundation 308

using JesPREIve SRFROE PpReZan¥hisnus figics of mochapigel Petenars gidsanshors in
additio® Forﬁ@hcgyo%ti Q@Z%Qggfl %ﬁ@ﬁ&o & & sobhre SUES DGR concrete

anchor e satrsfactorily used to secure

. foundatians 308. e The gumberhofomesstisst and 1the nomberatfi @ch@® YsedTwith each

nu r of. crossti and the nunper of anchors used
Cmss% Ig:fo?'ebeeé@ﬁe&%srdggﬁdﬁir %erﬁggy\fﬁﬁq%g {egbsi red for each

e 0Rsselies 20 eryibefameey] Hol R truCtued StebitbripdhatiBy aBemiml wabh of

fromstructural steel strips havi ngga nom nal w dt h of

three ynppes and A apraipabthickaeshofAng ApI ek The kaetBrof etk croastic J47em,
. i .
be ap%@mgnia?e@g%nﬁf-tw%aiﬁ&é rPHSt hlelte ;ﬁ?éfera g ffgé}gg%bﬁ cFosétie

nty-two I'nches. Three hol es e pr _ rme
24 to pegomprotate pusher badts20. During a xchicowultisive with citlsar sido lof enc2gy

ring a.,wehicl.e I lision with.either side of ener
sbsorbid syt 20 croresies 39 are Placed, itemsion. , Mhe prilerigly ysgd to fonn
crosstiee 04 b@dtheif Ao iRk ® CordigRratiGidle bdledtad 1Nall6w Qfitic€ 34 RAdeibith
their associated configuratiqgn are selected to allow

in responge ig fepgion Fomsugh sige FPACts Jud 4o absord ensrehandie FRRRtng
vehicleuch si de inpacts and to absorb energy fromthe
I npacting vehicle. 25 Energy absorbing assenblies 186
aFeergy mbsabing asgemblieso I8 yred eisailai be hrenmislyy described energy

absorbing assemblies 86. For example, see FIGURES 6 and 13. For purposes of
describing embodiments shown in FIGURES 9A-18, supporting beams 190 immediately

adjacent to crossties 24 are designated 190a. The respective supporting beams 190
disposed immediately there above are designated 190b. Supporting beams 190a and 190b
have substantially identical dimensions and configurations (See FIGURE 13) including
respective web 192 with grips or flanges 194 and 196 extending therefrom. Four crossties
24 may be attached to web 192 of supporting beams 190a opposite from respective flanges
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rails ﬁs%ﬁ%ﬁsﬂfhs %calmgr?l:a? g’as%gl Li'@)@l%) :tJ)f/ Ve}sﬂgc

absor bi ng assenblies 86. For exanple, see FlI GURES 6

and 13. For purposes of describing enbodi ment 32 &noewy 2007

in FI GURES 9A-18, supporting beans 190 i mredi ately
' t to crossties 24 are designated T

‘Mozggégég?ive supporting beans 190 disposeégﬁﬂﬁggggFg?y

t here above are designated 190b. Supporting beans 190a

and 190b 30 have substant¥al |y identical dinensions

and configurations (See FI GURE 13) i ncl uding

r ctjve b 192 wth gri or flanges 194 and, 196
194 R ARG TR die e b GOV SRt Bectoma oGy BULATIEINeR
190ateRieN@UuwhY Zroff reSeRRRIckds s Pgans 190a opposite from

respective flanges 22 January 2007 WO 2004/009406

bRy iromsEs 24 sitached teagegh sgporting bgam 480 may bavearied

P
| - ) .
dopofl 5 ttp o SOBPTE oF 05 SRy offel BRIk HBRY 1 Ygrey
absorbhog spsierh &0, tob supmsiidgibeam? 190atatcosphed literalhp Gbmssagipathér ang

a0, 0T O o SR SR P S

faster@Re (@Y exPresiDp ldWi) OnSYy B QB2 R afadR &W& ibBAnd 890D with

190a are spaced |aterally fromeach other and attached
crosstigs 2lour crossties 24. Conventional wel ding techni ques

TSR o1 8 BT Bl

suppartingsbeamssl 992 andAl Ylbursalgi gcharficad destenyrs d98pwbl Mfbe | Forenhs

.152 are.preferaply .attached tg respectiv 10
BP0 P G ABoLibh, SRt oD, TSN MgV htmaiay e same
confifudstiodn@idsdidRSaoRN dFckther dp@licatieAsucAPR! dnedhi iR NBIGEREN18

ener gy, absor bi ng_el enent 2 mag have substantially

cnergy |ABSCEBiRg CICBIGRIS {132 4530526 4526 SIS 2L PEh vawving lengihs,

e (i e S R S A

122painpf guidearails oy guidnbgans, 208 wind 20% aregprefctablycitiacisdds and

dto f b i senbl jes 186.,
et ol 5 Bk S ApSRECO RS U e 23S oo
rails 208209 edag e oM FFORE SlrdcRiral Rebel M%ics Rvih@ s 8F bahal wim

respective supporting beans 190b. For sone .
such gxfifep dneheschydres yiches A 2ithigkeeeofARpromomHiakA gl oframiash.

. el ' . .
Foc ok LN, B 5o AL i 40 il Al o
Limited o gkdrersils arfguidebeans 208taed 20%ne- hal f of an inch. For
Lcat i ons 1.0 riety of ' Ay, be
e AR oR BB A 2 St S A B
h gitiércka appiokinably @ uidey- 128 @gb@hr of & '
e GSS andgpﬂgog ea%h have fir st §I eg 11agg3f?g?g§%dt%gg§%11y2
Sho“’fﬁm reiorahlie fosmed alongdw longihest sgeonddeg 252 teeallewetiaching guide
ti\'}boéugﬁoéiﬂé’%ﬁams 190b.
or med ong®the

expr ess erera

- Mechyniead tfhstesferss £2bnare| pofeeby tongarl thenv radcharitel ngstenersd@98a to

accommodate guide rails 208 and 209 and longitudinal force causing sled assembly 40 to

~ move toward roadside hazard 310,

As shown in FIGURE 10, the length of guide rails 208 and 209 is longer than the
length of the associated rows 188 and 189 of energy absorbing assemblies 186. When
energy absorbing system 20 is in its second position as shown in FIGURE 9B, panel
support frames 60a-60e are disposed immediately adjacently to each other which prevents

further movement of sled assembly 40. Therefore, it is not necessary for rows 188 and




10

15

20

25

30

rails 208 and 209 with nechanical fasteners 198b to
respective supporting beanms 190b. 25 Mechani cal2 January 2007
fasteners 198b are preferably | onger than mechani cal
ers 198a to accompdate gui de rai 09
‘wozéﬁ@&ﬁ%ngitudinal force causing sled assekgpégﬁﬁﬁ@%&?
nove toward roadsi de hazard 310. As shown in FlI GURE
10, the length of guide Ra&ails 208 and 209 is | onger
than the Iength of the associated rows 188 and 189 of

er bsar bi n S llies 186. When 30 ener
189 ¢ b“’&sﬁ%ﬁiﬂﬁ&r@%ﬂéﬂﬁ?%ﬁﬁgﬁﬁ?‘tes & Sh P g ek T4l 208 50
209.in FI GURE 9B, panel support frames 60a-60e are
di sposed i mredi ately adjacently to each other which

pridsresrsanbly 4P wrryrhans the esrsralop iongf @niopsn sided box, See
f b 4188
P wos el o, RO e D 348 BB e on g

- prefewsblyesnlectey toedblowr shidragseablyetfiib ramsaid Biact aftdpangact byea kighspeed

veticgt D 8 41t B Par s B, QfPaerscserel e e oA of

~ energh absoriigEesysfehfR0RENI 2] nidyQlseBE esfbddSo Us 8 "t end lo@ Hed

sembly, 40 and their confjguration are 5 preferably
assef@iw @:t%&ﬁ 4/pLladgsremplifOs dispased oppysiintipm epd Al Badydt may
f i Wl ' A0Figg st 4
o e R e Al e Ry 40" SRR A0 B
includes siges 4% amsl45) whibls oxteridiptwees teads A0andHTd Aklshnwy imFEGITRIES

1l LR 8 N ) el SR o

purpoﬁ&s@lﬁil&ﬁﬁlati@% pdﬁelg lé(zhaflaﬁ%en&biﬁ@vr;og l@'rohﬁ%@é :isslsiﬂ g‘IGURE #‘%Ih e 10
! str " end. o ed asse y . ed asse y .
DB BRI BB et eBned by PHeRRP i L D oot i
i ' E i1g¢
cn i) S e S008 05 ) AR, oy ROGRS I,
comepposiinf lead #80mayrbe forped fiosesirusfural| steed tsivipt ihaving pawits of

. f 1de.48 in FIGJRE 12.. S
R R
comeridst 4Mand 40 hiba W zih b f 2@ stelgalify-alb IncH thap@bd drhéuy
A ui fle rails 208 and 209. As shown in FI GURES 10- 14,
is proffgbfy s %ﬁ?gm eaghpomsT ReR) 4band 4 weaediaigdyradjacent to the

ground bf dabiieowsiafSd 3630 rine %ixﬁlﬁ!iéﬁ%?? g\é%@%@atgyp of tapered surfaces

. approxi mately four inches,.
46 is prsfrraply ﬁﬂ@@&/’/tq hingrize| b eliteingtc whntast Hetreden cBaarkie foundaiton

Y N Y AT T ——

- moverhet bEsledassdnfitsly 60 dlons e GoRilCIVERAH 20D RivadPoaRfllehdzard 310,

[ di ately adjacent to the round or concrete
f GOFREEROSES ﬁ%%gj.“?w baorEd FigprostaAeral sfveh aagleahaving lggs of

‘equal WRIACERH aSHFd ﬁflélﬁ}ip A8 r Ahds %Er P& (ﬁﬁlﬁélfiiﬁdh%cgm%%etfughless of

ITi nimze o_r elrm nat e cont act et ween concre
appro¥iggiglydhicowighteaf amihche Spmet posts 4rmbe 45f preferzhigrhapo s lagth?

of app%}ﬂnﬁ‘téytt&}a{ty-%n%%ch&r. eya?‘l%il:.ls g g&rgﬁoﬂsl oFbPces and supports may

. be used to rigidly attach corner post 42, 43, 44 and 45 with each other to provide desired

structural strength for sled assembly 40,

Top brace 141 preferably extends laterally between corner posts 42 and 43. Top
brace 142 preferably extends laterally between corner posts .44 and 45. A pair of top
braces 148 and 149 extend longitudinally between top braces 141 and 142 along respective
sides 48 and 49 of sled assembly 40. Bottom brace 51 preferably extends laterally
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novenment of sled assenbly 40 along guide rails 208 and

209 toward roadsi de hazard 310. Coner posts 442%faguary 2007

rray be formed from structural steel angles having | egs

al wdth such as two and one half_j WO
Woz&wgogg&nkg hal f inches and a thickness of lz,gﬂﬁ&%%mg%s;
approxi mately three-eighths of an inch. Corner posts
44 and 45 preferably hav@6a | ength of approximtely
twenty-nine inches. Various confi gurati ons of braces

v GRLoPERSHLE o B el B e 0
Anotle Yoftefl bradkesa ?&éfélﬁlbly %kfreﬁaagmraﬁls)rbe%%ﬁ cé@é%@! ¥4 4R coﬁ%ﬁ?

brace 141 pre erably extends |l aterally between corner

- Post Hoignacdippely, phova guidarsgs 28oag288e 142 preferabl y extends

| 3Rl dr¥iel Q&gﬁ@g 36 AE incgﬂﬁg; Braéeh lgl ang e@t 3@1% hdﬁé%t}gﬁy

braces 148 an ext en ongitu
behwd@naesesctma tomntpo&m a2 ahd)#@ andclspont brae Sisi Giﬁﬁer $8stadl ants3,

top bifis JuFoERERG 51 310 BT SR B b araisdriGo e ter to

prow&zs:a"/v&@&@aﬁ/s@&ig&%actaﬁ at Ifiedt\\R@ A1 6PKIEI ad@éiﬁﬁlg%. aﬂﬁg gg QFBEd
an .

diately ab d I's 20
asseniyho 0 SIogan Gi09AmBl Brbess J95p1 s i o vl agbmeltaicr 46
and 1W£o%§ﬁd&é2{ditﬁhall% %nﬁﬁuﬁ%%%ﬁ@@ﬁsaeﬁ@?ﬁ?45 i medi atel y

above guide rails sl ed assenbly
4@he dgesnsiond ofded 4bphidebastertblpAtl which acdafined ﬂgaart by corner

oo BT8P B SRR o1 S 0000 BRI e
impadbihg ¥ehidlé.1 Duking & deﬁézﬂbe!twéeh DRG0P Y EERS ard st 214f energy
cooperate with each other to provide a very rigid,

-absorigpg éﬁgméltyr%ﬁ?ckla?t@ ey g the pelliding sehicl sy e §@aﬁ£¢r§ﬁd¢@m
| |
B

of endl‘ﬂﬂmﬂbalpfr bwed;beteédajeffacbvdy transfan gingtic bnesgypgyen if of vwhickd deds

- not mg)sat?tetﬁg f:éﬁte (?f Vﬁ\,ﬁsQ T(P %lr ggf Isli)}lolgsninﬁ;,cﬁsaqng 4@>1;1t g%ﬁglé?e gthﬁl‘o@{llg

paralld&iuﬁrtﬁe mgmml bﬁ@@t@u&r@ ﬁmmﬁgnyht@mor ace 51har Ie

ected t (0] at her an | actin eni Cl e.

Do Pty o Lo B aL, s 55 PrSaY etend Hiscapivriroms top
brace 880 t?BotRim 66T S Cﬁﬁﬁ&& Bhgd §?.Fé§51‘leﬁra%@r splﬁééa%ﬂfﬁtll}( ﬁgm

energy fromthe colliding venhi trans
each qtheyipnd fatersily Gor camer postst42emdci3rnd memelspc:sfs 4 s 45. Gmde

w51 s TR ATENGA 008 P0aRBLEPBF ) Rhpglon,

bottonk ibreet i 52. ek Gygthverchidne YEBAC 52 i6ledscted @) eristleaGht

er,of firs nd. 41 or if a vehicle inpacts end 41
assmﬁgfryéﬁ“%lﬁaﬁﬁé“ \ta ?ﬁ{ﬁiﬂ%%.swnosmg\hem 1998 | ongi t udi nal

aguile ‘AEseﬁl'Bgf WpraReBlydhAFas ke . 29ne & 5’f éh s%(fglﬂpb%d

channel's 50 and 53 preferably extend a ona
extendiggfrorp baidem bepge $20arp mbwd thioacsd&ef pladhsn nAa lpsir BDdlwtérsﬁ‘E

and 5P4E pPJf&EﬁS/ %Qzl.cﬁedste A" gxteﬁeg g%%graily Verﬁca?i]y from the opposite side of

plate 55. Diverters 58 and 59 may be disposed at an angle relative to each other and the

center of guide assembly 54 to assist in maintaining sled assembly 40 properly positioned
between rows 188 and 189 of energy absorbing assemblies 186. Plate 55 may sometime
be referred to as a guide shoe or skid. _

- Respective tabs 56 and 57 may be attached to the bottom end of corner posts 44
and 45 adjacent to energy absorbing assemblies 186. Tabs 56 and 57 project laterally
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20 each other and laterally fromcorner posts 42 and

43 and coner posts 44 and 45. Quide assenbly 52 Jaguary 2007

preferably attached to the ends of channels 50 and 53
ing from bottom brace 52. The | en f
woz2 éﬁﬁ%ls 50 and 53 is selected to ensuregéﬂggwﬁﬁpgﬁs
assenbly 54 wll contact web 192 of respective
supporting beans 190b. G3¥de assenbly 54 preferably
i ncludes plate 55. The end of channels 50 and 53 25

endi ng.from botto e 52 ar tac
inwa ) SRT FepPenive Qg Boske L B toRAiang spder €514S gils 288 s 2.
Bottopt e 523} proftdbardpacbdlfondibs SexhIy samaﬁbésmv QF %m&@}ahy
fromthe opposite side of ‘plate 55. Diverters

208 and Zﬁ%gﬂaﬁ &e Fsperbsdy disposed balmjplé tabeFaend &7 ansl bagiom badest2.
As siRg Ihrqu[mnfBGrt%ngSGgﬂil%f}J g@ﬁ&%‘ Wit ﬁoﬁo?n @ﬁ%@: b ¢ Yecurely
sl’ed asse y

nai nt ai ni ng proper [y positioned
mainigistsied assemblyst0 0@ uida dailkPD8 afid 209cwlle ahths arhé tige allowing sled

sssenb P TG i BT 208 e 2080ER Foepet Bt U0

and 5Traye pagicalailpbEIpAll inpréveatiRoiddedied Merdl ro@QHEsf mpats@nﬁy 40
and 45 a]g jacent to energy absorbing assenblies
in respopise ta5g Sige, gmpapt. pEks; ]@@I{tlap sled gq;qelybly_m_and_thc frmtlolggssomated
with Q&i%ﬁfi'ﬁﬁécez@?ﬁl 8@&9%9 %E ?%89%‘1 gé %ﬁd ﬂ%7fncgon
orn pos

inward fromres ectlve
caused hyl confens betgamdahe &b lagd #@8omnfispp@ting Beitsd90b malt eorficbuites

‘°d“§%%58§8§%353ﬁ?1§} frpmtabs 56 and 57 such that |egs

8 and 209 nmay be respectively
diviopo iimshelsetievest 4 dosor SEhRRd all’ et 41 RAtALMREFIS 402will
@ shown in FIGURE 13, tabs 56 and 57 cooperate with
genergliy; oG %ﬁéﬁ@ﬁ%ﬂtbéta%@élxraép‘gﬁ encyei ahiosPing gssepbliesdl8hb |1§s a
result; 4@:]11@1& ishghd %mh%hh 41 %?rl’g E&féﬂlﬂ? Q%sulg’ilﬂli %@lﬁxﬁ%ﬁ l:b?atﬁnﬁg‘?n&ﬂl

| owi ng sled asse gui rai
sled a%@bla(r‘ﬂ@ vdeh ﬁ)mbqltonbbrd@ @do haaralown 31 Ghe tﬁpt b glide rain208
y are particularly helpful in preventing undesired
ateral rotation of sled assenbly 40 in response to a

sTl‘hhedmﬁmimts of Pluge $na@idt diveriefs 38 £ 50%8E58McHA40 bBBEMpAIDIe
with ﬁ:tr %% gn%‘Fn‘“g% at ed, with bottom brace 52 sliding over
7L gpe . Dutinga oofligion hgtwegma mofprvebicierand endyhl aip
sled a@@iﬁbﬁd 49 yfo&%nﬁé}ﬁtthp %ﬂ%ﬁ %Eﬁné)g R0 to@hﬁrgﬁeo @41°tnhr?u%1n

gortlng beanms contr | ecelera
Ghanﬂ@iﬁ 5¢ pred 531§96b@ttbm@ra¢e 52 @né gulﬂbsasembtpéét s\slcaetkawéle plate S5owidlr

oy 50 B BRSO 5 5

40re1ahemdmergamm@asmﬁbﬁbsﬁss% a result vehi cl e i npact

48 DR S P oSt ned 36t o B et

boi:ton’izJ gfgb@ gln gﬁlﬁﬁi@e #ém! @oR Wdced DX a1 46N B AE 2941208 2 @ bdcS
spaced laterally from each other to receive connector 220 which is attached to and extends

and 2

from cutter plate 206. Connectors 222 and 224 are also preferably attached to comer post
42 and extend laterally therefrom, Corresponding comnectors 222 and 224 are also
attached to corner post 43 and extend laterally therefrom. Connectors 222 are spaced from
respective connectors 224 a distance corresponding generally with the thickness of cutier
plate 206. As shown in FIGURE 14, a plurality of holes may be provided in connectors

.214’ 216, 220, 222, 224 and cutter plate 206 to allow mechanical fasteners to securely
- aftach cutier plate 206 with sled assembly 40 adjacent to energy absorbing assemblies 186.

-
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The di nensions of plate 55 and diverters 58 and 59 are

sel ected to be conpatible with web 192 of chadh&myary 2007

190. During a collision between a notor vehicle and
§dosdds of sled assenbly 40, force from is

Woztrg%gs erred fromtop brace 141 through ZBE@H%%@@%E&%O
and 53 to bottom brace 52 and gui de assenbly 54. As a
result, plate 55 will apply force to supporting beamns
190b to nmaintain the desired orientation of sled

~ o e e e ool A ot el s
of beddél clkifhgBRYRT ﬂi)biﬁ% Eg&; 237 ﬁagﬁob.o SledragdembBA4PRAPS d1iably

from cross_braces Connectors 214 "and 216

dispoggdeon gusleqpikicd§ ané 269 with putfingefgentdy andHEP aligned wdthifirg end
. . .
187 f SREF IO R ARl 165, Hnb A0 'R o8 o HIBA WM or
cuttingrzhe il b bgiwatnt supheding beamay 19808 apd390b 42 seleckedxd elivav cutter
rally therefr espondi hg,conn or 2 d
plate 336,/ pelfyen Taiies 0% a1l R Bbaring peing S0 a il 406 G
plate bo8 REPbd Wcdiddowietin 6101s 16D b @@ absofmrg AcenBIRagesl from
r espect Ive connectors 224 a di stance corr espondl ng

gevetharR jn JIEHREN, cffes iplaie S0 prefambly inchplep Fespestivg guide

Pl e Rk 7 b B0y ac J4E e GBi i 200

for easht supporipigabean? 080.t Thalwidth ofeedolaguidal plitaA68nie seledtal to be

secure attach tter plate 206 with sl .ed senb] .
compR e i e MY o1 3%, rSherBef irrorinet biy oB BB SOpbige
thicknbad\efodaph &fdier pladdD08 Qs KHBAED edtivd Irlide PRl ABE 3D1cRd to'Be

shown in FIGURES 12, 14 and 18 cutter plate 206

compghad With 8P, OF FiKtineEnpe b farmed betyrpemhessRactive suppett hepresdkfls
The tfialckefTcliing HAE220R 4 schba 1) Sorrosy il gzl 8 difibhdf
of gap U64.i Herhegigdesplaie 268 risipegeabdy digrosetl within the peteradlydC-stapad
f . b ' ' 6. .The thick f
oross Sipp G erN BV Eh 7 cha FRRER o & B S s D SEPER R s
190. Beit svaRAPFILAHGS] %dpgarb,&ﬁﬁﬁﬁ 731034 a3k diDppatiag SeInaCtos atd

alloqw cutter plate 206 to fit between flanges 194 and

150b w5y bsrappiepisentely wge Breher wool-veamillimeterspand ie thigknespof
cuﬁeri,%s% ha bg%l%;,&gm\g{ewyﬂghak 102 of energy absor bi ng
S FI eg 186. As s

senb ) own in FI'GURE 14, cutter plate
2Deripg efeolimbbinywitin chdi & of repsigy absoreing sirstem 26, atwehicR6Sill

experfepdsCE B lern A oasEinSt e s FEtstaTech e e, efils et
assembBH0 witich rebulks h ¢d SGiblP Y0 SRl B Ahe1288ving iS@liRE et chéh

be conpatible with the wdth of the respective

other. 5 Thp g plisieasieraten duenie the momeam transést s afurgtion Hf ghe
S A SR £ QSN SRS N SRl B
assemblynd0 dlki¢s flangitedindiiyt inwend moedspledtazaré 34 0ppdde alseably SHO@ll
contact respective supporting beams 190a and 190b to maintain the desired alignment

between sled assembly 40 and energy absorbing aésemblies 186 and cutter plates 206.
Sled assembly 40 maintains cutter blade 206 in alignment with cutting zone 154.

As sled assembly 40 continues sliding toward roadside hazard 310, cutter plate 206
will engage and separate energy absorbing elements 152 of the respective energy
absorbing assemblies 186. When sled assembly 40 is impacted by a vehicle, cutter plate
206 is pushed into the edge of each energy absorbing element 152. ‘Beveled edges 107 and
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The thickness of cutting plate 206 is selected to

correspond generally with the dimensions 15 of2Z%apuary 2007

154. Each guide plate 268 is preferably di sposed

WO%H.{,J"%EG the generally C-shaped cross sec%g@gﬁg %ggl

192 and fl anges 194 and 196 of the oC A
support beans 190. For sone applications, gap or
cutting zone 154 between29upporting beans 190a and
190b may be apprioxi mately one inch (or tmenty five

n? and the thickness utter tes 206
109 ﬁ%@ &PB%E&F%%P?“B?\%“W? 591 E’ﬁe Pf é ptigr plate 206

may B! thinfdORoM viaRo@Ndes? h1SYs. RS RRSOIP A ﬁ)s%@ Bredrabld
vehicle will experience a deceleration spike as

hardensdtnrovifde desirehenstingand/ar fipping efivacrgs pbsorhing elersdngsl 52.

voRECR ARHLEQ ERtl BebPich TP B v Al bty

betweefn dasm:etw atppanting bearts0190) evhilontha tiepand Boteine portionaof each

cnergyl RROPRE el i 2aRi Bt Tepeae groboribe pe 1) By olts
198a$he @9%5 ‘B ens dpbr&& c&iehéifeie}g@ragsctxuﬂg e@hlbﬂt ﬂs@\e@{tﬂmes to be

roadsi de hazard 310 %U|de assenbly 5 cont act

stretghed pedeipmmed Dy syden nlee 206 antl Tepoetivg rmersg @bsomnmlﬁm@au 152
I I
typichNFACR! Gforl) MBS o PPl S BB FB g Aol 22
whiclsipepagetaseatdyigythe Qengthi oftrespestive Lentipy absoglbieg 2RMents 152 as sled
l.ignment with cu sl ed assenbly 40
assen?ﬂx?@m?ggueglt? B‘? F@gﬁgpé%&@géﬁ%c’“@z ard 310, c u%/t er
Pl e Sepddion 3T eﬂbﬂgkl aB cRMEntS 482 Rall StoRN@Hid Kinetic energy
absorbing el enments 152 of the respective ener

from SrEpRRtHg vabislerhBs besa amehedyidier Siecrasease hanNist ble 296, one
or mélg'@ﬁé}%)ﬁ%sg%g% é({)%ﬂéggcﬁQ vk %5pagdtaf @ \é}%@xi And I&H& s (See

Into ener gy apsor enment
FIGm@)L whick dppes andliowearmirt@ &re deparmedby208p. WO 2004/ 009406

SSEETRS 0SmER iR 7B e el ey e e e
the c&ﬁfgmaﬁayob@déep I il béaiN Cuatfel Plife 2068 Lecidell QY Sed RSEEIPA0

ges 107 and 109 are preferabl har dened to provide

at bofa@slﬂ%@é in therGepigr andds therefiarp pigidg Toms, avhen gyties plots H16rrggages
T .
e R b3t 108 0 5 L SO P Bt e

206 doet b en respectlve supporti ng beams 190, while the top

195 SFRAPRLRPG b FiRieoCR dumber ot Rapt PP B sirEoro0 2

may Iiawaﬁed iofsafeﬂ;%@orﬁlﬂlik ]dr%ﬁb enel @gﬁ&ﬁ Rtvile RAES d;mm@l% tRR6 izes

y absorbing el enent 1 continues to be

andfog ﬁl? Cofdmpant. dbe srtatioaalpyoraent mdiichos gererallyeppkind; tp end 41 of
sled e{sgt?:fﬁz)p& 1 ﬁébelﬁ&\éas%?&fbﬁél Mol Fdh it latté/ Qdﬁcﬁld g%ﬁlons

enS|on reates a sep arat)
of en@g}eatgylb&tgsadnntﬂnhgs%#ladﬂmwe bé&eR Sﬂ&r&ﬂ”ﬂt@ippﬁi‘ o p agates al on g

305 B oBUSHPT atrimn PHERcY « DoBEpLRPBE LB
adjac@fly th @ddeddedmblg N0 will typically be relatively thin or "sofi" to decelerate
relatively small, slow-moving vehicles. The length of respective rows 188 and 189
associated with energy absorbing systems 20, 120, 120a, and 420 are preferably selected
to be long enough to provide multiple stages for satisfactory deceleration of large, high-

| speed vehicles after sled assembly 40 has moved through the front portion with "relatively

soft" energy absorbing elements. Generally, energy absorbing elements installed in the
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The separation of energy absorbing elenments 152 wil |

stop when kinetic energy fromthe inpacting v&niaahay 2007

has been absorbed. After the passage of cutter plate

Wozég/gosgé(%ne or nore energy absorbing el enegélségs’lzg(%g’\ﬁdﬁg

parated into upper and | ower parts
FI GURE 5), which upper and | ower parts are separated
by a gap. Cutter plate 236, when viewed from
associ ated energy absorbing el enents 152, has the

..configuration of a deep, stro eam Cutter plate 206
middfpouih i ges b5 5 SaCimmriong) aScBbio <o abh T oAl
be re'iajli‘i@el‘? ORLEY a@Ongaed! D RhEEP kSOl Qeméﬂié‘ﬁstalﬁ&?ﬁﬁi&:@ﬁttts Eié‘st

pl ate 206 engages energy absorbing el enments 152, t
end Zdner gy absorbing el ements 152 fails while cutter plate
2 6 ' I [ ekne .
eyt AR Bl SRl 41 o AbF heed ] b Mol Tnine
traffiv,cany @dcupants afhelaye @dy soating heeak beiebdr atherrestginidg davica willde
r of ,yehicle types, ,sizes. and/ or speeds
categp i3Bverd g fiEen) ASoens tinod Rechpamts YU dgretyocelorate
with BRRERIER, DA the 4orOfime érRA 288 SRIAR 14 Gisstribly £ @@318 6along

_increase frictional forces between cutter plate .
guidepragls 8% and 289, mounsgstraied gocupdy dndyi bryaidiogireinsidg tie vihidn

. _ ' et
DeccftfSn 1563 PR 6 bl Shicls WP Bls BB Ul Tray be
quite daten ddowdvysr, just miczdo ﬁtsmﬂfeﬁﬂrhiyledl@ccﬁpdnt cdnyqetinginteriobportions of
the vEfiIP) s p e R G Erpersly TS i plies e eg o
the vEIGYE wift EedfllylBOred@Rd 96 e devdistth rERRNGEY pRBIBRY Bubdto the

systens 20, 120, 120a, and 420 are preferably selected
mes@@lﬂ?‘bm@épqnéng enough to provide nmultiple stages for

e R e Y

contabt manel soppdrt Hameb@ahwhiclevdl, i girny, costadt tpined sgpoyt fensciObiand -

- e o Y
of s1ddCabé Q0 3T 2hdsidd hadik it (erofiMs tih Alesdpifigd VB pakBBsidpékt

189 and immedi ately adjacent to the end of each row
framegj60p- 60 end, thein asqedated pasgls d 00 auth seppprd te epch othsh e g/ inertia of

panci R Db She FRA! BsdoiYah B! 1 BRACRRher!dlodilrhRlen ifBAbting

na vehicle rnitirallTy Inmpacts tirs
vehicis! as dled sssemblyy404foviea bingtudimedlyrfrong firsbertdr 21 thward sacond end 22

* of ol SR (Yt B "Hhe FERRoDInE o e ol rest6dsl spb one

anothbNfYotudes allditibia BRSHoY 508 WRich @fho QefiBAB 1S ddkdidration of the
higﬁneral |y decelerate wth the vehicle. During th
veme.

Movemmertof BAPluPBarframe 0o sloag saide &S 398 0d 209 also
produ%saa)ﬂﬁ{ﬁnﬁlﬁq naldbodlo ré@én; T Qe it BR verdfl

“unrestrained occupant nm arrborne i nside the
v disi e douslpdisaisesdatvith redpest cio SFIGHRBScHA tamdt 98 panglantyporg

frame’ 605508 it hdentatsd pRnct P T80 Sl Beahes Vool e either side of
energy absorbing system 20 back onto the associated roadway. Each panel 160 preferably
has a generally elongated rectangular configuration defined in part by first end or upsiream
end 161 and second end or downstream end 162. (See FIGURES 94, 10 and 15.) Each
panel 160 preferably includes first edge 181 and second edge 182 which extend
longitudinaily between first end 161 and second end 162. (See FIGURES 10 and 15.) For

‘some applications panels 160 may be formed from standard ten (10) 'gauge W beam
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10 quite | arge. However, just prior to an unrestralned
occupant contacting interior portions of the Zekpairy 20
such as the wi ndshield (not expressly shown),
‘wozaﬁﬁ@“%ratlon forces applied to the Veh'ﬁéﬁv%%&mwmm
generally be reduced to |l ower levels to nini
p035|ble injury to the unrestrained occupant For t he
enbodi nent as shown in FBGURE 9A, end 47 of sled
assenbly 40 will 15 contact panel support frame 60a
in_turn, port frane

guarﬁ%hm%?%'hlamgalw agnrat Gt 3? %ﬁ?evg@su gdpurth inc o for
"one QQyV@aﬁelseamdf Q&N f8dt efhod BRIy "Hio- bb%%@sm Eah phifl 160

assenbly 40 toward roadsi de hazard 310 results in
preferablydwse approgmetelyshaetuesvighof twelve aadose-gusthéobesand t hei r
aSRfhoh SERARALS 1R 14 L LARRRS o) R FAEANRYHE i DS
0 pane

Inerti a Suppo’r ranmes and therr SSoCl at e

paneld®0 édtarmk6itenntls mlumﬂhez Sllot Bi4eis pteforabidy blipnad tith gn@€xtends

songy i e e ook AP Gt By It oot e gl SbbrBG
slot 1%%41@5@% thd B gthedfeRCRARcRBedYand 1601 A%effectrri® $1atEDI0 is
ai nst _one anot her produces additional friction

Shdablbﬁlélé@emqgiahﬁ?ts‘é contribute to deceleration of the

L3y VR DR AR 00 e 1

and 18@dnd thenaiddfer i Szt (FMGHREf16r Gés sbme epdicatfons tirtal strap 166 may

el er.ate t.he veh 25 ou ussed
have § fehih oF SipEotimaig i elipgid G A lthes Suba Vidh S AP mstely
two dnfl JAEH16 ARhEDETRNRnAB HP Chchl1B6talPAAL 186 16Freirdble bl foohé
vehicles striki ngq el ther side of | energ absorbl n

widthcaf Sheaprpoivis gene! d6R beivera respetie tanetindinsd sgey 181 Sanel
Conefcﬂméa?fai‘@héés 1@3%8’3‘ alE 1Y ﬁé;}%e l@%@f&%ﬁ&% LeGLANGM), 366

Iguration defi'ned in part SEna or upsttéam
with éts casdcBiatesin doraerc postl G8ndr (69 deha:nlcmhlfasmndrslﬁ@F aliché9 are

1 ach 30 panel,K 160 refe bl y
substifY L. ﬁ@fﬂi 05 9% PRRYiCes DS B gRo At B RS
161 oﬁﬁdn@!ﬁdéotcﬂ% (paaélbuép ﬁtﬂmmedatmt end 161 and

second end Se GURES 10 and 15.) For sone

apstaseestls 6rﬁ§e p@?ﬁ@ﬂ@y Tgoeddy epch pasehil) alr Gnjuickim detween
2 0
seconl{ | {00 PtV i Bhnad S0, V1207183 SEOAIGUIANS)

Rme$®n]@ﬂ tallof papqu @&0 trafitewigh edvh rother froal tigliroretlping - dnangdrient

oy G B s o S L

minind §Phe posEtli BlyYoft el i ggshze%ﬁde&wbﬂ& g ABkofINEr $yRtehd 0

i nches. As shown in 10 and 15, respective sl ot
dumlg@ggeyegse@ngle Ffiibﬂ?ﬂ'?l‘dmﬁ% in each 5 panel 160

| PhRE QEloR! €500 104 rifihalf Sunchtltyl 8 shibo RiAESIAP biks

conﬁguemonr ’Ilhamnﬁoré, nmiy poopk mppdryfraheme wilf bemsbrﬂpzdnn IdetaB0 See
slot 164.is nthele f the

FIGURELg, (0 iy hpmtitecing Baigl pibos Sy S08 hos & grigridy fesgmgtlar

configuration 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 60¢ is disposed on guide rails

07
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slidably disposed in each slot 164. Metal strap 166

may be welded to first end 161 of each panel 180 aapyngi07

edges 181 10 and 182 and the mddle. See FlI GURE 16.

ma applications netal strap 166 nm
WOZ@’?’#&? of approximately twel ve and one- fyoﬁypﬁmi&noc T85
and a wdth of approxinmately two and one-half |nches
The length of each netal 38trap 166 is preferabl e equal
to the wdth of the respective panel 160 between
ective longitudinal edges 181 and 182. Mechani cal

208 apg 30% hettem bepe 61 B! ol 2y it 208 and S0 sk (8 S8 36K

notc&ﬁéc@l:or&%t@ﬁ»uﬂ&@o W th its associated corner post 68
ani ca asteners 167 and 169 are

s Woplueatity eflckoss brieestG3c6d, 65,8tand 78 maymps diﬁﬁ@ﬁfbbqswemont@ 68

fagt poi.nts,fo unt i end 161 .of t
and RIS ol B hit bSforl Bttt oo RBvigh o e BARRIS HP shfe
apphﬁtlenspdﬁrﬁﬁselfg%b %3f 64, rasd70 311(13&15 bnd?ﬁl’lﬁis’:jslﬁﬂ)atﬁt 6%t gy be formed

on et ween secon en 1 an re tiv
from F%ﬂgfﬁiﬁkﬁ%ﬁwaﬁ@ﬁeﬂscp@ﬁami% 2212 5Q» SERSS bra@%%%m%? e inggplled
ata 16’@&%&&11%%0@&' RV F0E| The WRDpth @F fsﬁﬂ oMl fhdheS %9&16@5 hRN the

ti ght overlapping arrangenent ‘when energ
locatlab Qﬁthbuaﬁﬁgclgsﬁétcm cisgndyrbeiveged tOrIE@Vl%é‘?Strﬁd)Weng’ih dgring a

Sldel@g%é{%fhehggggﬁs%ﬁ)ﬁgmteﬁ' gi M ze the possibility of a

cl'e sn es of energy absorbing system
2Tab d4ris pgached' toctie ebofarogd 69' adfazbitits icomcrete foungletioh.308 and

exteni e OHRHRSRERD RESSHRE “eomlGhE B § bR il B (o and

f c@ﬂ lo¥ REREH BUBRRIde fiRABIONE Whd lexiRdd eSG AP RRAVaD
o P etail. See FI GUR?E 16. D)-[gr soneeiﬁg |cat|3ﬁs anem1t3rgy
e

absorbma @metnbﬁwawé 60bs 188 9nd 6§ eranczald yith beiftem Qcﬁcfa& to maintain
6

pancl GARICBH, i Boc endDB wie! (R LaifDagi 5h3 009 Alndd ¥ sids fpact

with éi8reffiabgakiag sytina2kent to guide rail 209. Top brace 61
en | at erall .hetween, first post 68 and seco

FARg romr vatenle LoliaE WER Bistesisite of SRCEn phprome AGaTbly 20

will B‘el tfa%gfeﬁ@d RO&L pedls 280t paRNshippEr% tfraf¥s 604160, ETKH for@f of the
osts 68 and 69 and the | ocation of bottom brace 62

late: aefavidl dhancbedrapsfenradfronpprae! syapert framesfdle60g fothe asouated

puice 3y BRBGRABR 200 s Biubine dRilits O o psciss 24 and

mechhmatd: €astERAensi 6| to condrete foupdatibe 308 ICro3GE 24) ehedf¥icalifasteners

26, el RO PR oh 6 B e rERCABnd 20D Ghpre it RO

frameSEB0RB04 m&&dlaﬁﬁan \@a@brﬂoalﬁtnﬁ H8ide qalga&‘&mtﬂ QRerPy bR Hidg

and bo tom brace 62 to provide a rigid structure. For
Systelséﬂe 5 applications cross braces 63, 64, 65, 70 and

Piatrl} %% espﬁ§%§ 191?&{1 g?aglrglgr@t gﬁq corrpon{é‘kgrnls A‘P ¥, been

. deSIgIﬁBtGDISBSGBJ' Bﬁﬁb 660M§0d)d60msﬁdaldlh‘d Further, the longitudinal edges of

panels 160a-160d are identified as longitudinal edges 181a~181d and 182a-182d, and the
Tongitudinal edges of panel 160f are identified as loﬁgitudhlal edges 181fand 182f. Also,
for panels 160a, 160b, and 160d, ends 161 and 162 are identified as ends 161a and 1623,
ends 161b and 162b, and ends 161d and 162d, respectively. Likewise, for panel 160c, the

upstream end is identified as end 161c; and for panel 160e, the downstream end is

~identified as end 162e. As shown in FIGURES 15 and 17A, respective metal straps 166

mé.y be aftached to first end 161a and first end 161d to post 68 of panel support frame 60c.
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at a | ower position on posts 68 and 69. The wei ght of

support frames 60a-60e and the |ocation of th& January 2007

associ ated cross braces may be varied to provide
[red strength during a side inpact
WOZ@%@“OQ?% ng system 20. 10 Tab 66 is attach%@@%"?sf?g%g%d
of post 69 adjacent to concrete foundation 308 and
extends laterally toward3gnergy absorbing assenblies
186. Tab 67 is attached to the end of post 68
adj acent to concrete assenbly 308 and extends

Ina ﬂfnalilérr TRATIGE, HesREGLNe asil gtyaps 466 srepgdesio sppwely sttachdirst end
1616 kAP 6 1RG0 eaﬂgﬁ% 2 pgor 1 ﬁgbx;t %aﬁ%gg M DERGR 1%%1@1?%138 17A

mal nt ai n rane 60e engage
and QﬂB dbolt di6B sex@@@s shmbug) hobtud ¥ gn arespediivei siptiglate 150wartcha

or.bin y ct froma vehicle
correscp {i@é ?Wtfwr%fgﬁi?wﬁ%gmg’f {@ﬁm gy absor bi ng
' amiaw 112 FIGUREI 17b§1mt platesme rpréfekab P/qmlmﬁ@ tbk 1b@%xtdﬁdmg

The force of th

thereq%a{lg{u P PS4 g 76 Xipndu g erall P%ﬁﬁl?)aﬁs}pt plate
170. 3 O ﬁr1t74 h@ RS 6 9850 Be rbela vﬁﬁﬁloéiétQ%g %%an %gfeﬂ Il Bel

and/or 209 to energy absorbing asse
160. Mﬁcbml beionenlicd & maferhly IQ@enﬂmh arcclpmical fasfeml@ 26 169

r 3 ni
to accfNRICRE Siok BRI, RIS palel 70304 B84 Iehco PRI R By o
to seduaaljr %ﬁ@ﬁe}:ﬁlﬂtﬁlﬂﬁ% amﬂg?nm 60 Wﬂhlﬁge AR post gs BS while
Oa- tera ort, during a .si de i npact
aﬂOngtaﬂ ot ﬂa%)staﬁ erlgngﬂélgl@@@sm%ve fodhe #RGiR Sb%? or 69.
See M%@W@%dﬁﬁ&g 1164 i8 RRYOREN7E! GURE 15 have been
desi gnat ed 160a, 160b, 160c, 160d 160e and 160f.

- Fidr parden ofaach b@hl;ﬁ&al@grva'th @d@matecbﬁngerseﬂﬂé lagd 1BDef sl@(ate

170 ife Ay bisiiolih L HPBlE Mo A o SRR i B Rikdie {0

impach mdthi enid 121 ioff iegetgypsbsbrbig dssaﬂihhaEO Qiiﬂﬁ&‘suﬂp%ﬂtfﬁm%&%ﬁh ﬁrst
S 160a 160b,. and 160d,  ends 161 and

f
end 1%'693 o, pangl e R’flll deevgslongiidinaly fowad readside hagard 31061 Fhe
engag@ﬁgntjo@ 2R asgoshtQNgh Wﬁ(ﬁ%ﬁhﬁ@ iudiBARRE 16 G4 aIlow panel

kew se, for panel 160c, upstream en
160a t%ﬁélﬁe ﬂ@@é@ﬂlwy(;ﬁvaeq panebﬂ@bf zmul pairek Eupp el drame iﬁ@c contacts

pos ORRELESAD R Y 80 s, S B, B B

associbied penelc tﬂ!blwﬂbmﬁvd with pmﬂ aibart drchef 606 3ihd €8 dssb6idtd tpanels

an upport frame 60c. 22 January 2007
: 160“’\%‘6“}2'06%‘%6@2%?%/ US2003/ 007583 33 In a simlar

NREBEYe "SEHRBRC! Y Chaidiead Sf A% ilgﬁg aBiofbifl QkERdad be

securely attach first end 161 161 0" cor ner
determypert bp dhe huigbmednd olipracietistics @rﬁ@n&@m abggbigy calﬁmmts 152, the

S N e T M

 panel lsoppert( frahese6(u- g Siny théir)\m;))cllat&d panels 166.0For example energy

absorbing element 200 shown in FIGURE 8 may be modified to be relatively hard by
reducing the number and/or size of oval slot 204. In the same manner, energy absorbing
element 200 may be made relatively soft by increasing the number and/or size of oval slot
204. Increasing the thickness of energy absorbing elements 152 will increase the amount
of force required to push cutter plate 206 therethrough and thus, produces 2 harder portion

in the associated energy absorbing system. Energy absorbing assembly 486 as previously
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* lengit, o TpprIGH

5 As shown in FIGURE 17, slot plate 170 preferably

includes hole 172 extending therethrough. A p&} fangery 2007

fingers 174 and 176 extend laterally from one side of
|ate 170. Fingers 174 and 176 ar ep,
woz@é@@f‘@ed within slot 164 of the associ at e‘é*’g%ﬂ“e’f"’%?
Mechani cal fastener 168 is preferably | onger than
mechani cal fasteners 1673and 169 to acconmpdate sl ot
pI ate 170. Each slot plate 170 and bolt 168 cooperate
th each other 10,, to securely anchor_ end 161 of an
descrfh?ﬁ&“&&ﬂﬁ Msmwstt?@magwew inereasgcthie B dRses SloAmERPIER
absoﬂh?@%%t&’ng an outer panel 160 to slide longitudinally
Ive to the associ ated post 68 or 69. See inner
pdinetgy bbSisbing eystrmn €9 apsiwein i GOGURE 18| pEkfietsbly7includes energy

sbsorfl ol ion 55113200 2 e 1Rt BT ok oREhs
152a dnds pme@b profefabBpfenhéd/fors |rﬂit1v$@4hﬂfsu@@ﬁ ag@ @hsthlflon steel
a vehigcle 15 inpact th end 21 _of ene

0.

- strips glas p widihptfourgnd g achss onergy abserbig € e%}yefﬂr#ﬁa

preferfabl'ysﬁas NfbrdiRA Aetith RAR ro:liﬁﬁﬁll))"ﬁh& -F3TR \fRchle N Fnbigd)| dB@drﬂJiﬁg

towar d roadsi de hazar engagenent o
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Energy absorbing system 120, shown in FIGURES 19A-23 incorporating teachings
of the present invention, may be installed adjacent to a relatively wide' or large roadside
hazard facing oncoming traffic. Energy absorbing system 120a incorporating a further
embodiment of the present invention is shown in FIGURES 24 and 25. Various
components which may be used with energy absorbing systems 120 and 120a are shown in
FIGURES 26 — 29. Energy absorbing system 420 incorporating still another embodiment
of the present invention is shown in FIGURES 30 and 31. Energy absorbing systems 120,
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absorbing el ements 152a, 152b, 152c, 152d, 152e and

152f. Energy absorbing el ements 5 152a and 152hJapuary 2007

preferably fornmed fromrelatively thin sixteen gauge
ction steel strips having a nom n
wo2 ﬁ@ﬁ‘%‘ﬁd one half inches. Energy absor bi %g )QF%%H?J%
152a preferably has a nom nal |ength of approxinmtely
fifty-four inches. EnergySabsorbing elenent 152b
preferably has a nom nal |ength of approximtely sixty
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shown i n FI GURES

_ CIuShmg@miimg,dmmng, spli6ifg, ewdD 2004/ 009406 PCTI USZOOB/ 007583

~ Rasebg AR #RgmTE | PORS el otieh e vt selfely atache

toa plurahty of crossties 24. For some applications, energy absorbing systems 120, 120a
and/or 420 may be installed using a total of eight crossties 24 with four anchor bolts 26 per
crosstie. Two anchor bolts 26 may be insté,lled adjacent to each end of each crosstie 24.
The number and location of crossties 24 and anchor bolts 26 may be varied to provide
sufficient mechanical strength to resist large forces which may be generated when a

vehicle impacts with one side of the associated energy absorbing system. For example, a
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Ener gy absorblng systens 120, 120a and 420 may al so be

described as "flared" systenms because the end2biangay2007

syst em di sposed adj acent to a roadside hazard is
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. ssoci at ed .ener sor bi ng syst or _exa a 22
st ARERG1 3555" S 20 B P GoRgB b Crttis SORPOOHRRAE of Enctty
absorbing system 120 may be disposed adjacent to a relatively large, wide roadside hazard
(not expressly shown). For the embodiment as shown in FIGURE 19A, second end 122a
of first side 131 may be attached with concrete barrier 310. Second end 122b of second

side 132 may be attached with a similar concrete barrier or with portions of a conventional

guardrail system (not expressly shown),
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36 relatively strong structural base and foundation

may be required to satisfactorily redirect a Y&Hngpe 2007

i npacting at an angl e of approxi mately twenty degrees

wo 200210004t th @ portion of an energy absorbbgﬁuﬁé %%3

aving a flare of approximately seven degrees

pair of guide rails or guide beans 208 and 209 are
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a ly 4 esli dIS uide rail]s
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disposed at an angle of approximaiely seven degrees (7°) relative to first portion 132a.

Bent plates or joint plates 74 may be used to couple panel support frame 60¢ and frame
extensions 80d-80g with respective panels 160. Bent plate or joint plate 74 may be
installed on the downstream side of panel support frame 60c. Respective joint piates or
bent plates 74 may be installed on the upsiream side of associated frame extensions

80d-80g. Bent plates 74 may include angle 76 having a value of apprdximately seven
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160 may be attached to sled assenbly 40 and pa
support frames 60a-60g to form portions of first side

second side 132. For the enbodi [ N
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generally parallel with each other fromfirst end 121

along at least a portion 3 centerline 130. Second
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speotRRBaTectrLP BT 745 e 2 ol i SiForon sban e
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f
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o G A BRRRL OB Bt

is co Nﬁﬁ)ﬁ(ﬁ& ﬁ'&ﬁe S@& OS}iéciﬁQﬂIy ae ﬂi@@ﬁbrﬁ@b’ﬂﬁ% bolted to
IS OSG t an Z':ll'](;h:l apprOXInateI seven rees
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end 1129 It aw?ia‘afr (51? A Loy 181 365 8okt ﬁgﬁ@ﬁg &g@\?\ﬂt ﬁ?ﬁf@&ﬂ[sﬁnown
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in FIGHRBEOB) we thapaies 14560, TBeadjaghibémsl off the piam 1mbatie sHdingly

e 30 installed on the.do trea pa
coup g b B pet Bl SpRRorE e BT Brehep P sergpoe T BifURE
15. plates 74 may be installed on the upstream si de of

assom a%ed frane extensions ) ) .
Energy absorbing system 120 may also be described as "right side flared", For

some applications, first side 131 may be flared relative to center line 130 (not expressly
shown) and second side 132 may extend generally parallel with center line 130 (not
expressly shown). The resuliing energy absorbing system may be described as "left side

ﬂar_ed" (not expressly shown). The present invention allows an energy absorbing system

& anvary 2007
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80d-80g. Bent plates 74 may include angle 76 having a
val ue of approximately seven 22 January 2007 2&January 2007

2004/ 009406 PCTI US2003/ 007553 38 degrees (7) which
sponds generally with the angle for t
woz@?rporg? portion 132a and second portion 1%%“%&3@@§g3nd
side 132. See FIGURE 19C. The joint plates 74 are used
in conjunction with the gpraps 166 of FI GURES 16 and

17a. The straps 166 are used to couple the panels to
support franmes 60a, 60b and 5 to_the sled

I
to be4%8135£f£$151 instalied boserbon; assoqiaiad) cepumRly 0f) ot madsideohagand and
installfioh M6poRAPRY. PUPRAGIeS %mecif\éh%h&gy Qﬁsoﬁﬁﬂgéy&eﬁrﬁnned in

nonperpendicul ar to the pan support fra
accorgatie rwith sppdiings fof ﬁwnpeﬁmtgnvetnhen jnay e flotedtnesr andexiirremp et

he..correspondi orts.
cxpresly ROV o b e DS find LR oy &Y RODAR e
of traffs flespodde dxit rtuhpi Anghergy absottigg ﬂ&t&ﬁi Isavibigtd sidghs fide flare
to the asgociate yupports. Joint, tes 4 are nat
allows & JSROR FHTEY ApOB SaE faT y gallFiergyihe
main P@RRLio® WIPRsttic f ARFBLLIRO Nt 3RONRing Ssubﬁﬁltﬁﬂ{ﬂ &ofitinuous crash
general |y extend perpendicular to the panel support

prote@hoarfersvehﬁé?@ xiting fiemghemaein fine phedffici8ew antofah exit rapwr t i on
4
ooty DEEA ippBR S Vol Ropells b @i 3PPy may
be didpbsadRidjat & to bdsoddtecapamsl stubporuﬁ:a:lnéz@; (5(3!‘(11?&£)g{q @ ide ep{:t@t;leﬁs 804-
One jqQint plate 74 5 ed to the pape
502 B, A JePEHOEING SR VL Fporty e, Pk DAY, BRmsoR S0s.
Respe%ﬁﬁ& bith&a2d bivoho# Seriilies 110010 %ﬂa préfRrably s‘é&@e@i@eﬁ:@nﬁé 1w

bolted to the extension 80d and the sSecond portion
189 g, spaghd dherafiera nigs suppor r etck hame restensiond 800-80znd donweglel

conH BRI SO vl oLl B 152 155

- extenganmsef0e1igdae preferabiys slidablyrdispobsd dn thsit. agsoeiatd@ dutbsard anchor

fi I | ed t | at Th d
sssempy et *fis Sl of Kol <ElsBions o e pomopeolopPel ggpor
asserbREOHRAY beOratib® defRhiihg Rbad 8hafbotershcs M"@acﬁ FHRIsiAB 'i‘ﬂﬁarrd afd
di scussed above with reference to FI GURE 15. Anot her
anglepbﬂl}ﬂlesﬁﬁwlét_eﬁﬂﬂhlsﬁe%bﬂpﬂn@d 20 the panel support frane
EGI‘ ﬂl§ Qlﬁ 6({1}&%'1‘%%&8?]&9(? bf é{? Céy ﬁg&‘%}iﬁlg gg zeéh? 1 ﬁ'B‘R% éx%%smgs

e pane suppo econ por
80d-80ﬂmay \have Simélat evechdl d:omﬁ@lrdtldrhe Brano axtenséond 8022 mgdn@gx/\b@/
is bolted to a strap 166

) h t I
* descripfeD® haned Sy prclimedlar pratsryeanae WISBSIONF S CHIEPOSts

68a, ﬂﬁompleﬁhﬁgéﬂd:raﬁ}e dhe QRn&tt bR RARE!8216@RKeVS, dimensions
i dingly coupled to the panel support frame’ 60c, as

assoclﬂ‘ieéwﬁlﬁplyff@m% exiension AT may b sarid to eocomBidate thsflare or
angle lf&ﬁfeﬁ txsyglpcgﬁa pf)ﬁgn gyz%t @yeéoaﬁ s 39/ ?"Panp € RiGh 81943 sRwn

SOnEe ‘applications, P ¢
in mogsi @mﬂhﬁ F I@ﬁBEblé Ona péthe catnat ports 6185) of tho tf@fnelemaﬁsldlﬁﬁay be
Ress

: fastem(.n:i1 Rlong’ & comgr posts 68 of the panel support frame 60.

As shown in FIGURE 194, the width of frame extension 80d is generally smaller
than the width of frame extensions 80e, 80f and 80g. As the width of frame extensions 80
increases, respective outboard anchor assemblies 110e — 110g may be located at an
appropriate distance from guide rail 209 o provide desired mechanical support for frame

extensions 80e-80g and associated panels 160. Since the width of frame extension 80d is
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30 shown) and second side 132 may extend generally

parallel with center line 130 (not expressly sHolgyary 2007

The resulting energy absorbing system may be descri bed

ft side flared" (not expressly s T
WOZ&?’%‘?@“ i nvention allows an energy absoPﬁ%zg‘?’gﬁgﬁ% 22
January 2007 WD 2004/ 009406 PCT/ US2003/007583 39 to
be designed and install edp0based on associ ated geonetry
of each roadsi de hazard and installation topography.

or _exanpl one sjide of an ener absor bi ng system
less 3 e i O%M%M exfeprior 89 %@@ngﬂtbwé aaffl@é afentbly

110 hAVR bk RRuitEYfoPSarhd &t&ioR %@& aBBmB ¥bddsii@ R -ﬁﬁh% an

eXpressly shown) at an angle corresponding wt
anyfitious Epiveey obeutheasdh ancher assrmblies hided 10g are sladvin in FEGUR/ES

d r st e
1942852} 22 L83, PR Bue e AHAI R o BRBE 1P UL hi1ded
respeal_n&dralsa: p@teaiﬂg,eh‘gﬁ sncher Hoﬁmﬂ? and E[??é plafce: 1al4l %@la lof lsﬁ}@letIng
t mai n ection of traffic ow whil e sti
memﬁ”%@ ‘{aqﬁﬁg“ TR SR PP e PlalRolI4 TeiasRectiye Gptecate 12
Respédﬁﬁre HEdKs QI BEna§ B hitdtBled MR cBE 6F éabmﬁarﬁé eitérﬁfcfn' e, 80f
flow onto an exit ranp. Starting with Eane support

and §0gpdiscaddp syide plates |1\1/fé ffhad@le@ilpam@ﬁ wals hedkdl Boge proferatlp

selecé&? g@%@ﬂgﬁ%@g@gjﬁ@%r %%téeﬂégg( ?ﬁ%ﬁg@ﬁ%@g@ Bﬂ@h\dﬁﬂﬁg Perleitwg to the
associamdgguidwdllaﬁall lfy Exrlch hgolinl 7ivovpsstecivitly its pasutdted gipdoplite 1 14

.60d-60 ectlve 0 anchor . ssenbl
to propORIER O Aokisted GARE plebtern LaE R aRg o Va5l BApAci Eh
side 10 Vpddala 64l 1stﬂ'¢§i[1&ieﬂqm thoppliRMide A Wi BBE R thE 'ﬁéél@[‘l 7.
80e-80g at an angle corresponding generally wth the

Thus,ghe patbeard guchon assprablyifoms 1m3cismas] feroreomnving thechopB 117 leanle
f

e e R T

the outliied drthay. assEtnblyn:u migationof franme extensions and t he

GRS ORBRE Bilorh Ao £y PR aRooS iy A o b et

invenfifitimay Bg h@uﬁl&d 816 Bt%achESO Githéralcottiel & el liddndafish (not
132. For the enbodi ment represented by energy

expregshi Shopmhg By sowm instellatipnsraneher dalis @6 smay2vargOd-legeth oy
| t t

appro!?}ﬁié?elﬁ 'séveh aiﬁc]ﬂ%?‘? gl do éé)lpu C})(Il.écd.l_tﬁlg %g@leﬁgﬁg}geggggﬁ RS iR

apphqaétmsahglm émotoaxp&ssbs ehd;wn;)rusnay\nbb hformed m ammsﬁnﬂomreconcrete

- round 3R ool reopitcm Ry s 27 caTous Bbet L ad Bt ke sy

also bﬁ Phl‘ml ﬁm’uﬁﬂﬁlh@ﬁs 0o hndBY b1 263 pRkk. RRHESE m%gus
26‘10%18?: %re or |l e formed by second portion~132b

s?}ﬂaféanﬁ!@y abpyethe tops OE pSPeite@ONts L% Shianigie 28! asphalt

S
98 5 Sl LS e P 5y ST BRI
incorpotating teaglwssof és pméseﬂﬂmepﬂvmdxre avgilabletfrobn Hil, 16€), atA0. Box

19A, the width of franme extension 80d
211485@%%9&‘?“& ‘| er

Respective deflector plates or ramps 136 may be attached to each ontboard anchor
assembly 110¢ — 110g in a direction extending towards first end 21 of energy absorbing
system 120. The ramps 136 extend from the mount guide plate 114 to the ground or to the
level of the base plate 112, Deflector plates or ramps 136 fimction in a mammer similar to
previously described for ramps 36. If a vehicle should impact with side 132 in the vicinity
of outboard anchor assemblies 110e — 110g, deflector plates 136 will prevent the wheels of
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 owenty gt
_ hazar&d ff%ﬁ the@mbbdialehBreSredtBiéd bR Eﬂg%sﬁ%ﬁi% %?stéi‘h 59, @edoﬁ@ ortlon

than the width of frame extensions 80e, 80f and 80g.

As the width of franme extensions 80 |ncreases22JaﬂuaW2007

respective outboard anchor assenblies 110e - 110g may
e | ocated at an 30 appropriate distance_from

WOZF%’“?”%OQ to provide desired nmechani cal SBEHHW(O%("S?SSS

frame extensions 80e-80g and associ ated panel s 160.
Since the width of frame 4éxtension 80d is 22 January
2007 WO 2004/ 009406 PCT/ US2003/ 007583 40 |ess than

the qther frame extension 80e - 80 an

the V&Eﬁ\sg'%ﬂna %ﬁ?@}ﬁ rpasingorAngaging onthend snshonpssemblies +10g —ldpe.
The @B 36416 R&kvE T 8Q611i&hn %@fﬁne ﬁr&aéﬁﬁ hde el %ﬂagiés PSenergy

Various features of outboard anchor ‘assenb

absotbjrgenachaysraras vah beis¢ussediigupeSletail degeird@er. 21, 22 and
10
2SwnBE S BOR B S50R 13038 o 1 nd Poson, e

exteramh c&o(usog tase ﬂfeﬁmrhly @ispoed phadedialel¥ ad)dédds 1@ rassociated panel

supp R S UP0Ey Nprians WEReelReh U Gatacts) sifbasbpss 38 may be
sansﬁaaﬁlwsed/ﬁ ah@&kﬁa;ﬂel&tdﬁ%nm)daé ’c%ﬁﬁﬁﬁnwsh et % (6684-60¢.

each franme extension 80e, and 80g adj acent to
If a W‘ﬂi@ igpagtsesgconglasideT 2 @mamntstooﬁmnﬂocxtgams BB&R02 BFsogiated

| t
B 50 W0t Sl ' AT SSAEGHLS IR o0
outbdattbanbﬁomsemﬁlm éﬁ)cglllog diropl sesgectivethooka ¢ 7 kabio eiHjaZent panel

supp?f?%g% ol B eEs s PGP iREn s00- 80g

dumertmﬂﬂ)aweéncﬁb;eadsémfeg M08 b 119kd%e %&%culmp uée*ﬁﬁawhei the
positi oned on the opposite side of the web 116 from

- secondr%d%b?«?«kls ﬂpactedm relatively dail weluelel suelc hor piskee nﬁbfpmng to

O SPIGRATEL ok LSa 8 Gl 10y

rotateTthe fimmiz ekltﬁaop 136% mﬂie&e rpemsl su@me&amie Gﬂﬁcdlﬂﬁrchmc\bﬂa abbut

s 30285, SRR lion b Gt B8 upd i o o ciyebcte,
The Hobe $Eﬂl§revdnfk\'f6ﬁﬁb19 hefEBY nbﬁgﬁiﬁ?%&ﬁlﬁmlo Thelr e chile is

. either a concrete or a oundati on (not
redireeted optodhe roadyis gmuprigly ifigs. | nst al | ations, anchor bolts

R

teachid@s apphd pmsind risyential amy(haéotxpemue&ﬁh)a sithibve) appixidetely

rmed i n_an asphalt or concrete fopyndation to \
80 By By ovhoreaN Tl o raoosgmo A <OT(Wifle goadside

| es to secure anchor bolts in place. Prefera
132b é’ﬁ 839Rd pide 1132 ppederally mudés(ﬂéﬁ@g sxtbisioant Tl ngaazteuaom o

SO0 AU BT« SRR Gy oRP Rk v

extenpioms supipbiit lﬁ@mam3@1mdg:pnvﬂnﬁmab Mhbeasy giaedi‘ml §aneli;C3150 Bodhadsi tag
t eachi ngs., of . t he ent v narea iIlable fr

(10) 4 PhaRitR" or 85ief biggions Hie e e el it pvaried

increniddsfom approximately twenty-eight inches (28") to approximately two hundred

and eighty inches (280"). Panels 260 preferably continue at approximately the same
height extending from associated panels 160. See FIGURE 20.

Panel support frames designated 360h-360m may be disposed between the end of
rows 188 and 189 and an associated roadside hazard, See FIGURES 19A, 20 and 24.
Panel support frames 360h-360m may be securely attached with an asphalt or concrete
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Respective deflector plates or ranps 136 may be
attached to each outboard anchor assenbly 1102 Januagy2007
in a direction extending towards first end 21 of

absorbing system 120. The ranps 136 extend

Wozﬂ?o:gmﬁ%he nmount guide plate 114 to the gr BAHESPYE he

30 level of the base plate 112. Defl ector plates or

ranps 136 function in a M@nner simlar to previously

described for ranps 36. If a vehicle should inpact

i.th side 132 in the vici.nity of qutbqard anchor
oundiof it ey WD P gliorveie febiuelganchiosRias pleas e umber of
panep%?y&*ﬂ trainBE36Y lﬁ%} Be Viricd deptAding ru%ioﬁz%zh o AR08 e

PCI/ US2003/ 007583 41 the vehicle fromdirectly
hazayd 4nd distange of the mpdudalpzard fivnnthg eadroofemids saitsA9Biand 209 OBor

; .00 r ' I isi %)
some,seblipiions, Hafcy R tlhts SeBB oPEh 18 Betifly et vty
twentybaight ch @28 cdntans.sm as will be di scussed in nore
detai |l herei.ngfter. Wien, ener absorhin stem 120
&' S B Pont Sogh PO SUBT Ams 100y di6gs o ReBHY
triang@ah-cBRfiguadtion e fhdria bhry byl r@p@ﬁe&pbmhﬂﬁ%we@mn%%m
tQ associ ated panel  support frames 60d-60g. Vari ous

364 and sat sprage 86t elaralifeliaashor doltsAfcrawbe wol fosscaeliapeise
base aﬂ.ﬁ%e'hﬁ?‘di-a&ihfﬁﬂ L%OM%OB&G%t 12[8%&% Sﬂfchﬁiﬁgtgjbé'rﬁ%agg q4-88¢

- panel support tranes e
sectidnnguuic disepBosnadseiathd WP a dppieal dighway dunmingl sipped poans I-

8Qd-8 sociated . jLnpact forces, or kinetic energy.
beam 2ase piite SPRREY bf ffed b e sammd it b S nensis ot
to crokflies Wb Barutl 36618129 bls@ 56 Fothlell Ton A0 TbdahP8r bth& Buitable type of
., respective hqoks 117 and to adjacent panel suppor
highway shractugbaienl.  gui de rai|l 209 and energy absor bi ng
a | i : ' .
I TREAE RIE St O B0RR n HIGORE APRET LR ofisf 71
betweden ovepaprtingl peyela 26@ | moximeley parel |summini dlame 36010 Ber gome
.pi.ckup.. Referring to ,FIGURE, 21. . to illustrate, th
app hci%]tr%%%gc Bmp% ?Sfeﬁlg%%rgpyo hetﬁgm%p P& nagels %ﬁtgn Z‘F‘Vlli%(ﬁ iﬁ%ﬁtb
correspeiiditig tvith ife distdndé betib the ITRIPKdH O] BDfsseiided 2384 side
ane| support frane 60f counterclockw se about rails

hazafgé%a?hféi@@.e ih paqd dorrsplices P6h sy, Pavpbupperh framercifiOraad ipgnels
260 he) %e?ﬁeésﬁh@nﬁlé'@gtﬁ 'eﬁﬁrﬁéﬁﬁh Lfidvhin) ﬂ:\-&h eﬂ%&%iﬁ t 1% W R Br
y | e roll. The

rotation, there m mzing venic

installatipmas R wompletsi wiite At energydabsexbingdsystemomaihbe relativelynguickly

R G A A BB By A S L o

or motegmedskagiiedfing BRefo@sent i nvention may be expanded
froma w dth of aE}proxi mately twenty-four inches

( DBoPetEy aasaFbig AYsiy way be Sermicd im eecordsneravish teaghiegsmf the
Wi PRSI W R
Do B PGl ith e oo BB B R e TR ) 6F
suppoyfposts godm siippoidiag B8R typesebmcambedywithnid phwegsguardmihgfety systems.
ian. .The .w.ng, ext ensi on of 0 orti.on 132b
The pfEkGrE B £ 5% B8 o BB e 250 o vt e
in acchidanaswiH teidhitigs of the present invention allow the use of a greater taper rate
from the associated roadside hazard and the energy absorbing assembly. As a result the

- overall length of an associated energy absorbing system may be substantially reduced

while at the same time providing the same or increased safety for an impacting vehicle and

its occupants.
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25 extension support frames 360 and conventi onal

W beam guardrai| panels 260 such as ten (10) gadawary 2007

guardrails. For sone applications, the |length of
anels 260 may be varied in increments from _
woz&“ﬁ@?”ﬁ% mat el y twenty-ei ght inches (28") PEI/US2003/007583
approxi mately two hundred and eighty inches (280").
Panel s 260 preferably com3 nue at approximately the
same hei ght extending from associ ated panels 160. See

FI GURE 20. 30 Panel suypport franes designated
- SSnFRPHGAtoRS SFsEYeH-Butedadamelseman de prttached i mrad

81 Grath3936V 25N ' : §ﬁ§m |
supp.lgA’ Zﬁsggzogzh.e Panel Eﬁlﬁg’g?’?ﬂﬁﬁggg?%ﬁﬁd 60mgln§)§| %Ea?
be dispessdl dielvagn tlereranhngls 1260 and aasprietatad postscifdcr Boks 370 may be

: 0 06, PCT/. 03/ 007583 .
satisRARHEY o I frac boh FOL 200 ot Gkt G P el o6
postsaBEh oF@dsonte appHexionsT Ceshapedtbenels 3G3aneVide vipied stdahes

L 3828 rraéegg vari ed dependi ngﬂ_ }oon w dt h_of an L
allow; e gesosinted) "iRgadersion th assit Bil{g [BPagisnkes sgme ppgdications C-
shapédg) aAshdle (o8 2Irehshy’ OWhDN ha§ RS 1Rfinghlied Hehitich ]fﬂ?% E@Se? Rel of

For sone appllcatlons ganel support
Si

209. :
panely §67 anbeodiisd Brstsi 362¢ Afighs doch (8" Iperostinmelsahgy besprefered for
; e : ¢ ’ F i .
oone Mt Ok W0 558 phsSRLSi oot 81 0800 ORI 0
panelsr i angul ar configuration defined in part by respective
t .3 i t [ b | .at 364 d strut
DR I8 R a P oRRRANBH torepkveasmneg  pelons -
80g ih SUIBRELIE te HAE A0ANerdB PRV ﬂeségge&n’véiﬁﬁﬁﬁfécﬂ% PRl eﬁsﬁ%

concrete foundation. Each post may have a cros
framegeR: i Startingaet dand rspemt fame GéNiatcerveniiqnal B-bgapisc2(0 may be

. ; o
s 540 VIR 985 P 00, SHRC Bl
panelgiippenisiraones 360 aid the nurbleer of peek 268 mag be Girfed ide@nbing@yon the
sy S B 5 o 3 A0, 50 B B WS
Respéufioé §ilicdRints280 QW FIGUIG! $3)Riyafe diddsel Detwds pafels ©0Snd

262 15 bet ween overd appi ng_panel s 260 proxi mate panel
associged Jrbeamy 20t pRig} suppest rgwed00jappl i cati ons wi ng

RS PET ol 260 gt 80 ol o e ADE S Bt oo g e
rediregted back toathe ladjade8Oramdetay andiswncirah ehb ssoadated etadsilnend.
t l.iminate,th d L i . 262. Al so, I
The v Pt sk bt utrifin o mefes 188315 A ne s Cpect
frame B0 tor BXRITES SiahsiBROVNIndREh B ahd! lySRrtifnis WO dKpchiting ubho
20 installation as a conplete unit. An energy

the logasion b thecrideinpash Rayel isepnod feames 60 il aiteniqit o ritats,t aslplands

ah
160 ar@ b , | ssenhl ed
B BB Bt plef, RolBRR3E8 HBRA Curlld of Bl by Bl AR RS
guide arilse208i and<209 by inwardly extending projections or tabs 67 underneath beam
guides on the rails,

ol

Referring to FIGURE 23, the vehicle impact, during a side impact, may be
transmitted from W-beam panels 260 directly to adjacent panel support frames 360h —
360m. Panel support frames 360h — 360m are prevented from rotation by associated strut
366 and base plate 364, Both crossties 24 and base plates 364 may bend or be deformed

- by aside impact. Thus, the system "gives" during a side impact by allowing crossties 24

and base plates 364 to deform. Much like the system's collapse during a head on collision,
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An energy absorbing system may be fornmed in accordance

with teachings of the present invention havi ng2 Janugry 2007

ext ensi ons which are secured in place using other
Wozé{’ypes of 25 support posts and supporti ng structures
48GeMat ed wi th highway guardrail saf ety SYEEEH e
present invention is not limted to panel support
frames 360. Wng extensiams fornmed in accordance with
t eachi ngs of the present invention allow the use of a
reater ta rate . fromthe associ ated roadsjde

Yarep and efq% O Hr BpaghEeress rgcdadipfoyees Applied: tosa|side
al o} S

mpakﬁ% CEHBE | By DI, 208 S EAF kBl CREREY i FE W0 o
redlrmlmrmlmrmdeunphchg t he same or |ncreased safety for

an_.J ' vehi cl e an its oc ants

S OBORGE S Eous iRt clebngd SRR sEieyS T OLE shorey
absofbifR dyeRtd DI0B. gBResAbbyrngshanad 1Zadncads fily el 121 facing

attached to panel supg‘ort frames 360. Far

h
oncopRAg EiHe md ssrnmeod 122 ﬁﬂogedzegl;ac@téﬁgzbéﬁoqeﬂa% F@ﬂsiéea@zard
(not &?Yessl? ShAPeRadnl ‘iﬁl’\ﬁieéhefgg%%ﬂﬂﬁ’é‘@s&ng% A0920a may have

soci ated posts 362. Bol satistactorily
substafially the samteaonﬁwthn pad dimsnsiGes. aﬁmdrgagbmblas et EHapbd

incinfiA RIS 13HE el lond s T2 R sigl e B oo APRAbERA B0 o
left s&ielm t Becoad sidei1a2 ethyVBendgs@ibbe Bs having O rightsdidd flardi [For the
face inpacts, For sone ppl i-cations, C shagced channel| s

embodfpeant eepprseed by envenpsoraE system L0a s side)la side
132 ﬂlﬁﬁaHQ Bstangil ° s \@nBigaibna BRkl aﬁ&ﬁﬁbﬂt e%@eﬂ? Qairéspéét&e

Ei"ght inch (8") deep channels may be preferred f

left sigle ri’@mqmdl thedghteids. flarh eSashratwidd 1326:8” epergy @bsothing e}xstee:tsdém

st b e s R 8By iy AP B Rl
of thepdisimice buineasthe REd Bﬂdws Bnnidr1 89 uisdnaridcitddyroddaile hanmd.
ner as previ ougey des r%’?’gEd withr Sgﬁect to panel

hg co nEEY - NGBt SYirte| 1284 JpRE tber r generally

%%ﬁéfs%@ il Reped B QaME: 1RROI30B Y iREsidS EFIY il Yecond side
attached to and nounted ong{oanel support franme
0

132 3ot ggsoaily pRradlehwith eacharthet Blopgatleast a potion of asaeeisted @oide
n I |

rils F ks o HEBE orin, PR Tk Y L3 AR o B 50

gide Eﬂﬁdextehﬂ geasmally mﬂelr\@ﬂdsaoﬁa)tm&ﬁmd first Gad 1t talosg at least a
ced |.oi nt See. FlI ybe dis sed

Pom%?fj JB%%?@ % éﬁamoasl 53@@ sile falmep g dgposed at

appmsaﬁﬁheély ShPRARS aﬁél@'i@atﬁf@% ﬁrétfpo?@aheiﬁalfi@ecaﬁ& efuoaﬁﬁzﬁro@
dur i n%pa side inpact, an inpacting ve |cI W |

seconﬂélde 182 mmesttibe dispestd shatipraximatély thecame angle rdlaliiwety ﬁm @ortlon

1320.8VQY fromthe associ ated roadsi de hazard. The vehicle
“inpact nmay be transmitted frompanels 160 directly to

adylenanbtrgp absirbiag pystemt 120a is in its first position, sled assembly 40 will

be slidably disposed at first end 121 facing oncoming traffic. Second end 122¢ of energy

absorbing system 120a may be disposed adjacent to a relatively large, wide roadside
hazard (not expressly shown). Second end 122a of first side 131c and second end 122b of
second side 132 may be attached with a concrete barrier or other portions of a

conventional guardrail system (not expressly shown). Portion 131b of first side 131c and

- portion 132b of second side 132 may both be disposed at approximately the same angle

relative to longitudinal center line 130. Proximate panel support frame 60c, both portion
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franes 60 or to frane extensions 80 and then to panel

support frames 60 dependi.ng upon the | ocati on2bfanupey 2007

side inpact. Panel support franmes 60 will attenpt to
rotate, as panels 160 are usually hit high. However,
‘wozﬁ%ﬂgﬁm%upport frames 60 are prevented frgﬁppﬁ?g%yﬁﬁ3on
25 guide rails 208 and 209 by inwardly extending
projections or tabs 67 umgderneath beam guides on the
rails. Referring to FIGQURE 23, the vehicle inpact,

RS S0 Sy oD ALy et
aPPYO’é@lg&eTXth\%gﬁf WJ’) SIHRRAS boribR IS 238 Bbktion $HAM are

reve m rot’at 1 on %é associ at eg strut 30 366 and
b &&eoml mirteor3B4b oBfitshsidy 1 s pref@aldyt irwhdedbaseom gowsofitdel

bend or b f d . by a side ippact. . Thus, .the

suppiSh Sy duprepeted 2T sncumtisPieatifs 287 Shielatigted hétet

as previeady ideseriBdd m%ﬁ%&etopéﬁ@ab%&%iﬂEOM%p 120. MaCéholvhkia
the system s collapse during a head_on collision, 22

FIGURH & raypasroefside gxtapiony 86Dare greberaply<hpo oppgsifeysides of

| panelgﬁelké?rlt' B 6010 PAS@O&Q a%}els 960 flaf e %ﬁﬂjlgﬁl atfaSIRH GRS grespective

eration forces red to a si I npactin
side axedmsiohe80{Syst ens 120, 120a and 420 generally remain in

pl.ace af.ter a redi.recti | at er side i cl.

P B bty vt ke Meaufia 13 ol shétEy s RGe system
120, V203 theslell etisl irpvedindeie biYgy Sbsadi@! Rbenib] P ¥isdage¥) N danel

Ener gy absorbing system 120a_includes first end 121

suppqridatagy 608 mOBhimede aloag the suidp erils 80% rlld.end theppeely] hryaehgd
there@dieﬁgcg,gf yai Refle ARR0H L %%c{gq%f};'ag feaigbazse& dabo{fno the sled

expre ). First “en energy absorbing
contimues tte move Glag dhd gaide mails, panek supportt Staaes i68C Hy60f vall dikewise

.configuration.and di nensi.ons, En ., absor bi S em
beginf9 Judg h Sedirie Hipatery 15100 fhe e dAik, (AL o] shodor] e
60c mldids tdvaid theSdettiad lead 2 €l 16OSCsbPPIGIURE N8B) felbsébpddover

left side flare. Second side 132 may be described as

Panelﬂégﬁi%g a right side flare. For the enbodi nent

r O i : fi f.Shi i

) 1 PERA R0 iR Ru B0 1 AR S LR DE 100, IPShinR e
parallghand mern pegpendaculasn The pehplingrbetwieanibe gointgpstes & and the straps
right si

166 UERARE AN ne Bl lochanesrknBBbn st s o) Sl P inef o

respect 20 ahaeeyitea lif® 130V ELS slidiigadvhhettiby fdried & Mke slot plate 170 (see
configuration and di nensjons based in part 15 of the

FIGURES}S) gllevs,ibe dewpstiepia cadhaf e pagslsto tocoupftoto fimhes assish i the

. pmelﬁaﬁagmgbng&tét@ﬁ‘ﬁﬁé%eaﬁ}%i&%ggacf’ari ous conponents of

ener gy absorbing system 1 may be generally
s amecextidngions 8 sifgvgentrally spwe tin tuoiseme mitdhrthe irgspective

L Flirst sjide 13 a second side .132 extend, .
sssoo il ol ey o) RO 2GR Beme, Xenoiny 1 B rsgion
generfly parsllel @f thea gaide Al 208, 209 dBacly ok 917 (e FIGURB22) fbvdatin

. portion 131a of first side 131c and first portion 132a
unmolgfwl dagjspective frame extensions. The hooks 117 move toward the second end
122 (to the right in the orientation of FIGURE 22), moving beneath their initial mount
guide plate 114, Each hook 117 clears the respective mount guide plate 114 and continues
its motion, contacting the ramp 136 that is located downstream. The hook 117 rides the
ramp 136, lifting its associated panel extension and the panel support frame. As shown in

FIGURE 21, there is vertical clearance between the tabs 67 and the guide rails 208, 209,
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20 side 132 extend generally parallel with each other

fromfirst end 121 along at |least a portion of2 ape2007

Iine 130. Second portion 131b of first side 131c nay

e di sposed at approximately the same angle rel ative
WOZ?W‘)?S'F%st portion 13la. Second portion 13&‘8Tf6$2003é08?§6?r1d
side 132 may be di sposed at approximately the sane
angle relative to first pgrtion 132a. 25 Wen energy
absorbing system 120a is in its first position, sled

assenbly 40 will be slidably disposed at first end
whergip therpapelfyprosicieames §0 camslevate s g@@bﬁ%@ﬂ theuidp 2ailsoto eaphle thy

hookggffgct{)ifg;llégﬁtg ?gﬁ{ee[ghﬂ.@ may be di sposed adjacent to a

ar ge, e roadside hazard (not expressly
S rRJafming BekdnBIGURE 22 2a thefpaid] sepipos ifime k8dimuanth mmcmimhg

the oA s B Biaplc SEE o JogiGn Hmiils OF of s HHH ethaé Biaft and

then U5 it the Bailing Wwa ek mirears ysdpe 0 the elouXgii®SHAtY 154)OTHY hook
Portion 13l b of first side 131c and_ portion 132b of

moves dwrtherdeyynsireansand soptagts the nest ramp Jercatingthe pr9Ersexi nat el y
t .
1%5 a%r i § ANAIGURE §HA {h\éeolkﬁbaido&%wgégé}ﬁb%&eﬂbsr hi({)@ﬁare

mat e panel support frane porti
spacﬂzn@msmgbyﬁlﬂb@‘ﬁwam@om@m@ﬂ@m iPd dig20086004683 T, a

hook T st A S bl ot ie im® Sl FT ey redBARen e
guidedaiy 26 snd af) ouktRball dnvior bse@bIyi(5uRh ad SitBoaad andbef dss@iblit 310%)
Second ,portion 13 |b of first side 131c preferably

withquh Epyseing W Sedamp 18 otipe srmm biepreferblyphnsta PP I edge

t
s 6 400 0m g, . 8 gal s S o
innerredgp &ifta and berfercey tms'bﬂbl guiglegyidy eﬁlﬂ@ﬂboaﬁﬁk anchomessémblies

r_of |de e nS| o 8 r.ef.erabl
that o O on &P d it Ry Bt e BR BN Bpt iU pEGIS 77 88 !
upstréfif pan®h maszlaamed:oﬁtaaahﬂa ke ﬂmynsh'ms Iout&ahhyanaﬁdra@Mhes

W t re ect ext ensi ons 80f.
By wg @SFsIS ¥hﬁQO?RSrcg\IPI%F?othqzanebwpp%frame

60e, ﬁ.a%%qu@ %&b&&e&ﬁ%@ Bk tersdlont 30e, nh%g%mhgsu porfl ﬂﬁFbé)a?d

moveéd and the energy absorbing asse
anchqs agsembliesu piffirand fpassrstwad dhe Oﬂbrtardmmmaaasm'gbhehellggu hus,

160 hed
e ofbl S AR B0 Sh° PR 0 £ R 4 1E Sho
absorbingmmdo abiduterferdwithfagosd i@fhact@oMipsdoftte §}@teﬁDV8 al ong

8& ra|I anel ﬂpport frames 60c -
gipered ipnsgieAes H3oRpwRIch S %dhreﬁﬁneawdwﬂ@rwebai% also

serveﬁhsoi‘ Jishdl %eﬁféh&etoreﬁkdré t 39%13%‘31 168 'ﬂsPi%Q%tEd {8408, drastE to

noves toward secon , panel 160cc (see
interferp @h@eﬂgajontcé Iﬂ@émglp bE ipadirst epdahiél impéddd. Th e panel s

%ggcaﬁgﬁ%ﬁ?%gﬁp gg g;sk selﬁetz %fc%?ld portloltf ?3& f%econ d%, lgﬁ) are at
an angle with respect to the guide rails, and even in many circumstances, at an angle with
respect to the direction of vehicular traffic, reinforc}ement of the panels 160 is desired to
minimize the possibility of a vehicle passing through the panels.

At least one cable assembly and preferably two or more cable assemblies may be
coupled with sled assembly 40 and at least a portion of the first side and/or second side of
an associated energy absorbing system. Each cable assembly may include one or more
cables, multiple cable clamps and multiple clamp plates. As shown in FIGURES 194, and
24-28B first cable 501 and second cable 502 may extend longitudinally along associated
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paral | el and nore perpendi cular. The coupling between

the joint plates 74 and the straps 166 bend a?dJanupyg007

the panels to change orientation so as to increase the
le with 20 respect to the center |ine 130.

e
WOZ@‘”%‘&M??g connection fornmed by the slot pl 5??”52?@3’00@%

FI GURE 15) allows the downstream end of the panels to
uncouple to further assisfy in the panels changing
orientation due to a first end inpact. The frane
extensi ons 80d - 80g generally nove in unison with the
panetsd6p Sor pagel supputciranesdopaivaissosiatsdcled absernbiyst 06 (he fied Bxgis

L R R e

usin% weeudtetidifned Qx)chﬁi@vaﬁﬁe dﬁﬂnplfrﬂle OReeFIGUREZT. rfgﬁpﬁbld ¢ ma(jsjl
xt ensi ons. .The s 1 e toward the secon

extond glon %P?l’t% Qe © fisy Figle e ct(fre]Fiﬁﬂgﬁt%é iteyrerd, fhepiirg gpg 121.

At th%%)mel BEpbA GraiRWOR the filkEdablel 0k ioBdes TPsHEe sl Af: fdsaﬁ@s to

Each hook 117 clears the respective mount guid

wraprArerngd am vprighicrt senend Aribd? of sledl asermibin 40 endhlogp tbatrkgtOttlnﬂevnng

e 18,y S U Rl 3y o

locatmntof paned nuppont frdmee §lmn eSeomﬂmabIetSOﬂ elitevs aﬂsmﬂhopnﬁa hlong the

[ t | bet
sccoffL e 157 S5 ay e YA ol € orpRSIEIDORL: 3 3+95h A4 cSelsd
sl Q0GOSO BT S T pdfick BB, el B

ul

6) port frames 60 can elevate slightly fromt
fram ava. sFirgt gaklp 391 and peeond, eablles SO rovige @fditionad t@ﬁlonﬁ@port to

help §€%g%lr ; 31?1'Fta %& gllg’glt %h%u%g%oglg% ':lbg“{'l&gstz gld% péc!i]se %P %hmc

apphca:iohs pabldseS(iomid $12i mies bé farmed heithr wivp raj)eoh@uigwe diam;mte@fof

Late-and 5 then falls fromthe
apprq:qjﬂqtap?%&h%f g@\bﬁ@tream edge of the nount guide plate
11¢hst ddvee bOOknd g&uﬁ@ cdBlé SO hrodRISTRIHATRAL AOEbr&Rind Gkiiile

t he next ranp, &geatl ng the g}ocess As shown in
strength dg jRiow gggpeqtive sisigs hahrld [aprch b2 tessatipBeipily redirecia vehicle

impacehds BpforiTRRR Syl deaas DBk ot of Wbk LI B o
132 flrookat b Angle wfappexintaelh eokn depnes €YD Roetidhs afieables 501 and
t bet th 0 d | 209
502 L8 et DR e e ibs S estorepvt sends 480 BiRbub dpepstrean
locatiof gi‘bﬁtim@é saieh ls%a ozt Giine 3601 1304 Hesp AVt gD asdfbidtPwitid SBd
The ranp 56 pr ef er abl };!/a has a tapered inner edge

¢

Sembése@ (Bash c#ﬂ@!ﬂi@r@éﬂz e then e eejumprd theerich éhe Taimps of Tipaver

pmel%ﬁ%gy%gggfﬁa&g y contact the inner edge 136a and

ovvard e guide rails. The outboard anchor
aFigunds| ZISAsandQBBtshav portios dficabie A0 adjuczht to drmereytchdon 80d.

For 03 L e agaah e Cmae SPERb et HubAseTEah

bent $late AR eARSINU-sBEfRA XhU1E f8mp SBYmURYe Blerfdaibeligh an
12hown |(r:1kF| GLIJ}SE 2 t he hooks coﬁ% | e t% t he %}ne%enmg

‘508 formsd & ¢ach plamp plate 504 to secure a portion of cable 502 at the desired location

relatwe to panel 160 and panel support frame 60c.

The cables 501, 502 are preferably coupled to each of the panel support frames 60a
— 60c and the frame extensions 80d — 80g. The ends of the cables can be coupled to the
downstream-most frame extension, or to the roadside hé.zard itself. The cables can also be

extended into the wing extension panels 260,




10

15

20

25

30

60e, and by way of its associated frame extensions

80e, ride the ranps upon the outboard anchor 22 January 2007

assenblies 110, and pass between the outboard anchor
assenblies 110g. Thus, the outboard anchor

WO 20O i es, while operating during a si dBCT/HARY007583
the energy 20 absorbing system do not interfere with
a nose inpact collapse ofsgt he system The tapered
i nner edge 136a, which is on the sane side as the web
116a, also serves as a visual reference to ensure
t hBnerghebseabinglsygemidg0 hoghawadn FHEERES 3090d a5 dcmnnstraies that

j ' f t .
e Al et Ind Ul By SR LA, By S
systeiaﬁazo antiopaothercxatmpleiof of ef@goitdordbingaysan fawned 3 accdRlandd
Withmgﬁ .e Wth respect to the guide.rails, and even in

&5 Y pRrpssaBYention wWithasYpmedicy] §iges r espect to t he
di A gkl 6lf spYi? Wbttt s o}trﬂtﬁésc%()ﬁﬂﬁﬁlf ﬁﬁ% YEBREG Hhithl B rey

panels 1 IS desire mnimze th ossibility o
abso@mgeﬂyﬁf@mé%é@ glﬂqvgresm@tmﬂes H31 padvEl2<to baflaredat varioneangles

and t ggée ﬁg@(lﬁ%@%&s@ﬁﬂm@ Ese(ﬁe*s{r%f? V\%h% ig%e% g&;{é’ g'%%l?sb 4{ 6@6 alédh%ﬁ()b

may h¢ skdnbbt attacipd rvhﬁog'tudﬁf rail Bes.f Splﬁtpaﬁd&ld;&p@ﬂfﬁﬂﬂesﬂﬂﬁ@%ﬂl may

be 251K o el 90l ORI BHLBREH RS GRBp el with

| split ﬂhﬁe‘l sEipRrt e 460 %eaﬁﬁe@% }é B8 & APPMRLEEhe dfle or

shown in FI GURES 19 Bflrst cabl e 501 and
flare 6f sespertizesides 4Hmeed32e ﬁemmuvemgbqaw pushbt gsserhiidiog 110 may

s BRIRUB B Fs0 1R o B R BHBEC, o

f rCables, 86Btes 501 asd 602 preeidusly didcmsak el e 46ed Wiktethkreaergy
b snds of g@bl es 501 and 502 may be secured with
abson %6&%?"?6 ‘posts 362 in the wing extensions using

Vv Hih@ad 430 %Sii}ﬂé £hd 8RleS 431N 435 10GRS hifkt Eﬁ@fm%fﬁﬂ@eneéﬁ%sorbing
FI GURE 27 rst cable 501 may extend al ong the

systeig 78] sTherhingss 489, rvetichsqre @f ﬂmnn GE@BMHVGDREICE&)@ 1, d3drtel be
[ 1 t 04, .
o1t oS s, W3S SUPREL Ll LB 165
of the)B@els 360 audalp tizer firsirenid apnglnp#l,ngtof aiie sheeicnsteghb@ngl. 4Pheadprights
| ed 4 [, t t i ext [
can 03, (Bl ey gt Bk BB kot Brvperate sk b dp, ot
assendbly, appr oxi matel y the | ocation of panel support frane

60a. Second cabl e 502 fol |l ows simlar path along the
s dbphinges 449 @B@lhmvm@n@es «mspwnam mghmewpbmlag

B3 s SRR a0k bt ST Y

I agona reacr oss
assempindd movgspalontg thé puderaBO208, B09,she mgdd thabibd pamdh KO dch

sidenf}8 sfto i ettt P07 e & Sinped By ki siebBS03 1 osi ot
smﬂe spAP suﬂfﬂft SR allaﬂfpﬂiecﬁigleoﬂﬁ iR fua04danth IT;)e

may formed with wire ro havi ng a diameter o

mdepgﬁlﬁ}atgg( pc}mqt@ ity Frspashiorthe guige rai 02198 209 and to the opposite side.
With the split panel support frames, the first side 431 has a set of parallel support frames

that are independent of the set of panel support frames that conmect to the second side 432.
The split panel support frames can also be used as an alternative to the panel extensions 80
of systems 120, 120a of FIGURES 19A and 24.

One example of a split panél support fratne satisfactory for use with the present
invention is shown in FIGURE 31. Split panel support frame 460h 1_ﬁay be slidably
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15 First cable 501 and second cable 502 provide
addi ti onal anchorage and tensile strength to % {asyary 2007
respective sides 131, 131c and 132 to satisfactorily

irect a vehicle inpacting at approxinate%% twenty

r ed
WO 200400°%8%s (200)wi th portions of sides 131, PYEPRZPY78}
132 flared at an angl e of approxi mately seven degrees
(7). Portions of cables %51 and 502 may be threaded
bet ween the hunps of respective panels 160 froma
downstream 20 | ocation proximte panel support frane
engag@btiith or slideldy disposed en gprde geit 29sand outhvard anghon asskmbly 110h.

40. . E bl.e 501. a 502 then. be
OurtBEAHRL o5 B RV SRR R Sk B Bomgn me
460bsupport franme 360h. Figures 28A and 28B show portions

abl e, 502 ag_j acent to _frame extensi on 80d.

f F
? PR BFRShBIPRYA e Q&QYJ@V%MH}?P%QH&“%EMWI%d 462.
For SoffeUdppliatdhd adchedivhdnll 89506 'féhﬁ-d%ﬁozlﬁa)b §lfual |r§s&)t€ceti§'é fir)

general Iy U shaped cabl e clanp 506 nay be inseft
comporer $§h vail apprenimpiels 08 shoe prerall pondipotation amdipleatienss Gdie

. i 0 i.red
conth a8 EUEERGR e SRR R Bl
the ﬂ‘areaasrapﬁﬁn% baﬂgeercsidtﬂsleisl 204 f43t5@3f2d wspecﬁréggﬁdaﬁg% zos)ugd te%D

t eacC (0] t he Su or anes - C a
Bolis; 4,8 b rldp G11ehde compBernt 461 A deooat coeonetbf _%agﬁ
split PacC QUpPbie Gahe 460 thay AR WESLARE ?beﬁ%é h&ﬁﬁ%@b nﬁﬁéi@rﬁsélnﬁ Bn

or to the roadside hazard itself. The cables can al so
overgiieconEgyratinncwptiesnopding withipest @Sxerctfstimang smprost Pades 492 For

: / LT 4 .
tho o ARUACH RO i STt et e AT ST R e i
as ha®ihg d germnalyrtasngslat drads-sedtioa of batfipuntiod.i r st si de 431 and
second si.d y,start at first end 121. Ener
Ry ik 1%?@%% Ao il pand SUBA98 frge 2505 @m@_bg gt on
the gfiAe QY2698 i thE reYeeti PN bltOSHE Sudhbr ASEMIHANGE DWidda side
t eachi ngs of resent invention wth” asymetrical

impag e asaliole Gp heg 17 aspionbopd Aashos eppoly Brvamca i
penct iR 10hg SO nGink 6wt dle GRG0 208 2 RALBL G Y S
e L 1 e e Y s o Gophe
the offosrEaich asneibly L1oR 3T B BembprerEBLE prapa g R soide Tl
209, MRk SURPet twitlh APTest 46992160 ee"%)!temeO?{Heq,ﬁfi’ﬂ anel frame

attached to quide rail_ 209. The dinensions an
moveg gHof figrouthioard anehos swspmblyd 1 Qjandstidgs slong the guide raiktopprsrthe
secontl” 460 may be varied as required to acconmodate
the angle or flare of respective sides 431 and 432.
RE&&p it ipare! frarhd cerbel ussdobitioutths e borggondit A6 Ivaly ilhatirsed be

.. provi ded r ir ch split panel suppor
solit Bl s P gte o BGE 6. oS5t capBARH fears on
the geltle fAlS SER, firGiRI0ipBndA 86l Wb ah Sy R0 ekiBifsion and is used on split
panel support frames 406a — 460b, 460h — 460i. ‘
Split panel support frames 460j — 460n utilize the first component 461 as a leg.

The first component 461 extends down to bear on the ground (see the dash lines in
FIGURE 31). The first component 461 is bolted to the bottom of the second component
462,

- A variety of conﬁgurations. of the split panel support frames can be utilized.
FIGURE 30 is for illustrative purposes only. The split panel support frames support the.




absor bi ng system 420. 15 Hi nges 430 coupl e the sides
431, 432 to the first end 121 of the energy abgbiasuagy 2007
system 420. The hinges 430, which are of the pin type,
al | ow the sides 431, 432 to be noved to the desired

WO 2040494% For each side, the hinges are couBfEHSRGOHES
straps 166 inside of the panels 160 and to the first
end upright 41, 43 of thggsl ed assenbly 40. The
uprights can be angle posts, nmuch Iike the uprights
44, 45 on the downstream side of the sled 20

panely J§Bnghist, sidehinpla¢th § SogReting twithrthy ovtbeard anchoh assgublies 110

. . Lot .

st 5 53R 0 e oL S 050 R e EFAEA

first ¢ode1 21 Tsd diesrgent@af qaiéls sitzlhémngﬂgggjusﬁ ﬁﬁaﬁﬂn?lenﬂt@ rc])ﬁ:h‘e& ?ﬁ:ler side.
‘ { J S ) e n e a e

tn FIUREC! e 545 o ockorivermekes o dpee e eOer 11 ne 130

changes tes pdsbRVWRdetiiont R BéeRI&ScHa: il Aethil€ itS Blduld be

panel Support frames allow the angle of the 1ndividua

undersiogd éhat wariges changespEbgiEntiony aadiplitasations van be medehsteto wighout
oo RO o 21Ept A0 L ARG bl iy

.431 has a set of parallel support franmes that are

i ndependent of the set of panel support franes that
connect to the second side 432. The split pane
support frames can al so be used as an alternative to
the panel extensions 80 30 of systens 120, 120a of

FI GURES 19A and 24. One exanple of a split panel
support frame satisfactory for use with the present
invention is shown in FIGURE 31. Split panel support
frame 460h may be slidably 22 January 2007 WO .
2004/ 009406 PCT/ US2003/ 007583 49 engaged with or
slidably disposed on guide rail 209 and outboard
anchor assenbly 1 10h. CQutboard anchor assenbly | |0Oh
provi des additional support for split panel support
frame 460h. Split panel support franes 460 nay have
two conponents designated 461 and 462. 5 For sone
applications each split panel support frame 460 may

i nclude respective first conponent 461 with

approxi mately the sane overall configuration and

di mensi ons. The configuration and di mensi ons of
second conponent 462 nay be varied to accommbdate the
flare or spacing between sides 431 and 432 and ‘
respective guide rails 208 and 209. Bolts 88 may be
used to attach first conponent 461 with second
conmponent 462. Each 10 split panel support frame 460
may i ncl ude respective post 468 having di nensi ons and
an overall configuration corresponding with post 68
or 69 of panel support frames 60. For




t he enbodi nent shown in FI GURE 31, each conponent 461h
and 462h may be described as having a general P%January 2007
triangul ar cross-section or configuration. As shown in

FI GURE 31, the split pang] support frame 460c can

sinply bear on 15 the ide rail 209 and on the
respective outboard anchor assenbly 110h. During a

side inpact with thﬁéﬁ;g@bi 160, the hook 117 and

out board anchor asse vent the split pane

support frame fromnoving in toward the guide rai

209. Rotation of the split panel support franme, and

cdnseqUETFRFREY 8soHig spie fogningrze the respliswEm cdlisianbettren a
Malalal JEY N WA ' oard anchor assenbly 110h
nmvmgng%%he ff@gﬁg%gﬁﬁg%%ﬁ?ﬁ%@gh bearing on the guide rai
20 209 at Ienst dbnegruaie haviggecfirsvdnt ind Hechrdreall; end 121 of the
systen14%p, the split panel frame _noves off_ of the
out boat¥ R Pf the uigp Ferropaqnding dprasfrpaidy with g figstiepd of the
systenPabifl€ ofRlningltR@r d the second end 122. The split panel
frane can be used without the first conponent 461, as
i 11 ust rditsedroby of mpélistpppa fiees sldnwg diditel to theGlFleof
FI GURE BOkwgherein t he second_conponent bears on 25
the guf d&°Ydi $#OUPrRE PRI SEPROBnBRRENtPeats'1 Py qigh gfper and
securelfsﬂﬂi@ﬁ&e@ A RBSCOR RBGiohS biteEs, QB sécl%hii fend BRAR! ¢ 3d4PRAT the
ranes 406a - 460b, 460h - 460i. Split panel” support
roadsidolapard; 460 - 460n utilize the first conponent 461 as
a leg. . The first c nt 461 extends down to bear
on t he?§Fo &P c)i Bl Eﬁ&g saﬁtaéheglé% the it grap page supperh
framesf wHePdby GRIRANEN ADdnd &g?&jt hefled MabbBciel BRMShp blfnels
second component 30 462. A variety of configurations
collapsgftowsrd thpbdcendpendedf tuppds Whér anelscle ampaois thit fitst @eldof the
ssmeIGURE 30 is for illustrative purposes only. The split
y panel support frames support the 22 January 2007 WO
2004/ 0094064 Blohp PR/ LALaBIrtaBed RAMEs&ord Broup ©F Eﬁel
side inpacts by cooperating with the outboard anchor
- supporh §amesowharebyl1the secamtigraty ofpanklesuppare fremes afl asdociatey s¢oond
ou %qugsége cgqﬁer Igne 130 during an inpact to the
EOTP FiEFY engff 7 & di ver gence of each side can be
adj ust gdjchdide ?S{tﬁ@ﬁ‘ rt] the QbcdnBCEBiN@F pahdl Suppdrt flh R
.30, the side 431 has a | arger divergence F%an does the
associatgdgecand group ofpantis digesedrt ap predeonelativate 8mtguile; has been
descri@gdf@n ae&gjl tt shoul d. be .gndersto d tEat
| vari ous® ENanges] 05 e eﬂll?tv’rn_gr? SPgsIpT RTREACH RECCHRPHE
frame SYBEE ifke %@hﬁ ofbanBIOMbportdeaak tshdred fonLiMdiday 88 ddfacP Panel
scope of the invention as defined by the appended
supporframess. 22 January 2007 51

the first group of panel support frames and the associated panéls forming a

series of bays extending generally longitudinally from the first end to the second end of the
guide;

a plurality of two-bay panels defined in part by selected panels having their
~ respective first end securely attached to a first panel support frame and each panel of the
two-bay panels slidably attached with two panel support frames disposed downstream from

the first panel support flame; and




CLAIM5 1. An energy absorbing systemto mnimze the
results of a collision between a noving vehi cdZeJagwary 2007
roadsi de hazard conprising: at |east one gui de having
a first end and a secon%iend; the first end of the
gui de correspondi ng pro %wately with a first end of
the systemfacing oncomng traffic; a first group of
panel s ort franmes sljdahly disposed to the guide; a
second aé?ﬁ@h‘ﬁw 8fle~€%frpélpgléa€?fﬁﬂn¥/ aﬁ?%wgganglpﬂae@& fFWIg“aIEﬁ
first ofl BedelBRd Raréﬁcsu&ﬁély aRRAEAOMEDi0Bnd BHARGL of $hd RieBhy BRARI
bet ween the second end of the guide and the roadside
slidablyeattachdd tcaorily os¢ papebenppot fipmn aispossd idowimryana fioacthe decond
Ithgg{ﬁrst group of panel support flanes whereby the
Panet PPt "4¥%up of panel support franes and associ at ed
first group of panels <collapse toward the second end
of the guide when a vehicle inpacts the first end of
t Re  sy\rashpushiog écmingnige the pesolts (famellisioskatweenlayvehicle and
anmda%g%phg% to.ghe second group of panel support franes
REY PREIEE ond group of panel support franes and
associ at etrambediBing A5embly AkteRARCISa KRG HBdctive Rb® tRe first
| npacts; at |east a portion of the second group of
end of ghareqsh quspionr t franes and associ ated second group of

panel s_di $pas al_.an l e, r tive to the quide:; the
bnor oyP st BB Tortlea 2 Rl G 61 bl oBighfe G ol
extend@@Gandalyah tHBURA Airkctioh ! BEPanelk r@sﬁﬁn% dinf ad RHPa hidkawal
y

support frames spaced | ongitudi na rom adj acent
the firgy yidesl support frames; the first group of pane

supporf, f n e._as i at ed nel_s. f.orm .
seri es{hg Exgéggﬁia V@%tq etﬁgisﬁcgmég%é% AT yoa'ﬁgal i frﬁtaqnnlét?tl%ﬁl om

respect tdethé ififst Wir@sfion, iBe liRe s&a61008peBNE Rfendife frogUhél Gist and to a
_plurality of two-bay panels defined in part by
locatiog glogg the dirsh A28 havi ng their respective first end

secure i [ I r n

cach pkeRieASREa R hicii oRARR AR IalepALE Bt
orientatibii Kith \&&pevd rethe Sy @OEdtioh,MtAEBS ol Spshasd pdeMBtrRamgthom

the first panel support flame; and 22 January 2007 52

first segffonjof gaelsghan a9@le-a9dy panel defined by a second pane
. 4 _
suppor % )}/)Iugaﬁl?ig 8%{1{1&%&‘}: Bgat d bi %;segcglg s?Je gfet=h§ ge%&g}{] E@&%]ﬁg

secure heret o and each pane
assembdy eprosiye qialieefirst side and extending generally in the first direction, the second

aide of panels being asymmetric from the first side of panels.

3. An energy absorbing system to minimize the results of a collision between a

moving vehicle and a roadside hazard comprising: |

at least one guide having a first end and a second end; _

the first end of the guide corresponding proximately with a first end of the
system facing oncoming traffic; '

a first group of panel support frames slidably disposed on the guide;

a second group of panel support frames spaced from each other and
securely anchored at respective locations between the second end of the guide and the

roadside hazard;




slidably attached to only one panel support frane

di sposed downstream fromthe second panel suppbfanuary 2007
frame. 2. A crash cushion to minimze the results of a
collision between a vehicle and a roadside hazard,
conpri sing: an energy ab%%rbing assenbly extending in

a first direction fromthe first end of the crash
cushion;_plural panels |ocated on a first side of the

ener gy 2 d5% BFIP 19§ Parslseshity atisahed du thefust pgoug i @ragd pyppoth
el e dih ! . : e of | :
rae e e S Pt o MR Sar GRS B Af ol B
collapg tbwardtths scondendt dfahe pEdgehear alvthiclatmpuctsiths first end of the
orientation with respect to the first direction, the
sySteI?’irst.secti_on of panels extending fromthe first end
to a L Qedhd ghudld? ﬁsgneﬁsh&c&a&sdga&w fi 021 ohdl %roﬂg%?' Snel
havi ng a second section extéending fromthe [Foc £16n at
- suppora figmeowheretnyr the ntcatd grupicf pancksppat framest dnd abdociated second

d'reﬁtian, épe_second section of panels intersecting
gKmPPﬁ%mefﬁwgﬁm SeMBASof panel s at an angle: and a

Pl ur al ieYe@hd RANE 108 phiRE AlnBoh Ama; SAGRNaftl d6coBl ldlf of
ener gy absorbing assenbly opposite of the first -side

panclsgisgose sten dhgigrejptive toghd guidenartdne first direction, the

second, aide.of papels. being,asymetrigc fromthe first

e ofte Beited SrouB P ferls Ap R AR 5ty Bab Bt ot
of panélk MdTheR 1dali@nk pgd.t s of a collision between a noving

: vehi cl e and a roadsi de hazard conprising: at |east one

guide having a first end and a second end; the first

end of .t he quide correspondi roximtely with a

Thr st D, f5ord B ST Pheity SoREb ey s i gk go
panelsbitdchiéd @ eRUPaR] sppbekadsipport frames slidably di sposed

on the guide; a second group of panel support franes

spaced from each other and securely anchored at

respectjve | ocati.ons between. t econd end t he

6 e The el Bl R RERAR Sich 5 TR GRS a5y B and,
a secofd Kidé eQEMtE Qe RngitflidalpBlivedt 8GR End @nd BQedohd $hd

group of panel support franes whereby the first group

proximate thaxiqedside ipggek t frames and associated first group of
panel s collapse toward the second end of the guide
when a vehicle inpacts the first end of the system

6. The energy absorbing system of claim 3 wherein the first group of panel
support frames further comprises:
each panel support frame having a generally rectangular configuration; and
the associated first group of panels respectively attached to opposite sides

of the first group of panel support frames.

7. The energy absorbing system of claim 3 further comprising at least one

energy absorbing assembly disposed adjacent to the guide.

8. The energy absorbing system of claim 3 further comprising:
a first side extending generally longitudinally between the first end and a

second end;




a second group of panels securely attached to the
second group of panel support franmes whereby 2hEnuary 2007
second group of panel support frames and associ at ed
second group of panels resist vehicle inpacts; the
second group of panel su%fbort frames and associ at ed
second group of panels disposed at an angle relative
to the guide; and the second group of panels disposed
asynmetir FEond | siei vircedo frore the st gideuand erendinge aieriy
. ' 4 I [ .system
il 835 SRyt SN AR Y
at t achelet firgt skia ektepipadengalpiardlel widthe gilide; Idde ener gy
absorbi ng systemof claim3 further conprising a first

si de arlf seepnd sidg fgluding dedRrtion of Hig serond erqrp 9f support frames

QR L MY ' - : ond end
and E_iS%)r oxFr?g%Hélﬁgto(lggPoa él?%%cﬁ%ﬁag%{n@%ﬁé}ﬂg@ébﬂg?@&gbsor bi ng

systemof claim3 wherein the first group of panel

support_ frames further conprises: each panel support

f Pame HAGFIFGEYALHERS systet of sloim 3 utheh coppRIRG ur at i on;

and t 'aeﬁrass?&céﬁénﬁggfgeﬁéﬁuygrogg&d%u)g@a%él § 8SPeRS LyehY

attached to opposite sides the Tirst group of

seconpadebacsd ppgintdirhipfres thefirst B ener gy absor bi ng system
of claim3 further conmprising at | east one _energy
absor bPni s é |§paaqd§rﬁrag°eahea5?%cgﬁmn6 R &‘%Pragy

longitddMG11§ BEGKEMh ARSQLR hidth Yl e fbxiflaRith I%aésial% lh%/}%fd;

conprising: a first side extendi ng genera
|'ongi t tietifirstlsidy hipetgrefast end prokinmasdt thefidt end df die ss@onnd

end; 22 January,2007_. 54 .a second, side aced from.the
ir st Dieaaai e 2 b Geha guRBEaTY ooF St A aruer Pyier
and between the first end and a second end proxi mate the
roadsi de hazard; the first side extending generally
par al | gie segonth sidhinclydingl ére partign ofithe seronhgrow ofsupped| fipdieng
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relative to the guide. 9. The energy absorbi ng system
of claim3 further conprising: a first side extending
géter alThyedergygbsontdngeybtem ob elpine® furtherfdomptisiegrd and a

Second? S Eoataing A heor e Tuveh Bt el

second]éhﬁ%[sﬁl}s’e& proximate the roadside hazard,;

a second side spaced from the first side and extending generally
longitudinally between a first end and a second end proximate the roadside hazard;

the first end of the first side and the first end of the second side disposed
proximate the first end of the sjstem;
_ the first end of the first side and the first end of the second side spaced from
each other at a first distance; and

the second end of the first side and the second end of the second side spaced

from each other by a distance at least twice the distance at the first end.

11. The energy absorbing system of claim 3 wherein the at least one guide

further comprises a pair of guide rails.




| ongitudinally between a first end and a second end

proxi mate the roadside hazard; the first side Falanngy007
first end proximate the first end of the system the
second end of the first side coupled with one end of a
concrete barrier; and the second side including the
portion of the second group of support franmes and

associ ated second group of panels di sposed asymetric
relative to the guide. 10. The energy absorbing system

of;5cl ai

oUREr ST, By EEE REA 2oL Sl RE LR AP
ofpmﬁb@mnmeamduﬂya@nﬁgdwpﬁamnm@dﬁmﬁhﬁmnpmﬁﬁmdﬁshﬁﬂard, a

second side spaced fromthe first side and extendi ng

generally longitudinally between a first end and a

sggond ' ; r

eﬁg ofp&ﬁwgn %Pé%gfﬁﬁ% gﬁe ﬁgﬁ%%fggﬂéﬁﬁgéf&t gﬁéé%%ﬁ%
comprisige di sposed proxinmate the first end of the system

t he firg%ﬁegﬁ f the first side and the first end of

the seé BE2SHIREEPY r om each other at a first

di st an@%st@ﬂig Halife §%ﬁ9ﬂgy gf‘ﬁlanglfs e&t@ﬁduﬁé ;re%Eraﬁﬂr i cnghaiipe

second end of the secon e spaced romeach ot her
betwegnthafidi gl andtbe sdcohdeandt tmnce t he dlstance at the first

end. 11. The ener absor.bin tem im3 .
ohor o1 A spimaS 5EC Padile 2 GREAIRY, PRMER PR ot L ide gnd
extendde) éen&fillﬂ%g@tﬁdlﬁﬁlyl btwelrt the FRY @ﬁcb’ana %%ecoﬁ@ enti2. The

ener gy absorbing systemof claim3 further conprising
the fi thstfirgreod pf theffirg aivelagd drdirsthiad 9€ dervecogd eidp dpposed

. tiall ti barrier. 13.
proxir e G Bl S 0 B B R M pocod pr o mate B!
roadsi ¢g hazal & hCRMREdeShid the fidst taﬁcréftthees@&na@ﬂe GpaS QL

end; a first side having a plurality of panels
mmhoéwrﬁﬁdkﬁgm@@ﬁErally l ongi tudinally between the first

end an the a ond sid in .

T ol theySed BE R e T o AR RO R omlenT pfBY slhybidg pppoed
from @i @tﬁéi"i:@'gi Qenardatdnye 40881 & tRafilsy diReivaehe R ehd bithe

end and the second end; the first end of the first

ﬁfstSl§¢@éﬂaﬁ’f@8ttehé0ﬁth¢®tzordmdiebf the second side disposed
proxi mat e

P oF enp by B i b Gne orh B AR B w0 Dot oRE o9 ¢ o
end of tHeReids RAOAIGpostIRnSRRESREL]El Wil each other;

a plurality of panel support frames with respective panels attached thereto;

the panel support frames slidably engaged with the guide rails;
the panels of the first side extending generally parallel with the. guide rails;

the second side having at least one group of panels disposed at an acute

angle relative to the guide rails.

14. An energy absorbing system disposed proximate a roadside hazard
comprising:

a first end and a second end;




each other at a first distance; the second end of the
first side and the second end of the second si &&January 2007
spaced from each other by a second di stance at | east
twce the first distanceygt the first end of the

first side and the first“end of the second side; a

pair of guide rails extending fromthe first end

toward _t econd..end: h i,de rails di spose
~ generaf Ifjl)gs‘% 5%? 51‘?%‘1111%6%’?1”1&%@?\3%91‘?@7’5 beiwesp gli‘eaifr Ftte§‘9 gpd the
seconP@idel support frames wth respective panels attached

thereto; the panel support frames slidably engaged
Wit h t Resegerddeideapaged tilom ghindirg fe tand Eitendings geberally
. Wl neral | rallel] with the guide rails;
lmmmgﬁ%ﬁyﬁéwgggg%dms?ﬁém¥§$F%@m%?ﬁqeast one group of
panel sidifeRaHeGdf #e AR sARRUnE thedfE did o€ kiRt seddhd lsfle ldRBosed
~guide rails. 14. An energy absorbing system di sposed
proxiniyiethe Higt @d f the sarspjebsorhingsptenonpri sing: a first end
and a : Q7 a first sid
ext end ?3% 39% glﬁ(gf}gﬁ é%l Sg‘%&% ?E% iﬁﬁsg ?dyo bet Wweel ﬁ S%%ﬁ &4 Td?fgfm
each oeharlat a ikt His@ncesecond end; a second side spaced fromthe
first side and extending generally |ongitudinally
bet weetheserand erdaf thefiast side andtbe sweendrrad efilie sacpnd sidersgaced
from c5 ' | [ of .t
om oG el S SRR Ml Bl Pl A o2 B

side arglhsfirktiend) ofis tceond didee first end of the first side and
the first end of the second side spaced from each
ot her e Topdyifs hagard defined wpparitbya coREBPPRIBHY of the first

si de aﬁllg ﬁtré?. %'&%Qﬁgjeﬁ%@ a%gorﬂing s s‘teei%p Qﬂ?ﬁ%n%e%gg?lﬁg%ﬂlel

fromeach other at a stance a eas I rst
with thd iceicanclaartxef ween the first end of the first side and
the first end of the second side; the roadsi de hazard

def i nele psropshsnd obihe dirg sife poupled with ppend of Hhe comorcl basiicte
of t he,QOer AR SMP geagmﬁgr@eteg{zhaﬁgegmtaﬁge Qe‘fd?@/EgJ%%f t

paral lel wth the concrete barri secon
side arglhlge cohargit batideamwibupl ed with one end of the concrete
barrie at | east portions of the second si

; [ d
ext end AR et il woond|sideispreeq ftarlly from e one end of the

concrete barrier.

15. The energy absorbing system of Claim 13 further comprising;

an energy absorbing assembly extending in a first direction from the first
end of the energy absorbing system;

the energy absorbing assembly operable to absorb energy when a vehicle
impacts the first end;

panel support frames disposed between the first end and the second end of
the energy absorbing system;

the panel support frames moveable in the first direction;

panels attached to the panel support frames;

the panels diverging from the first direction as the panel support frames and

 associated panels extend from the first end; and




side and the concrete barrier; and the second end of
t he second side spaced laterally fromthe one &himgéry 2007
the concrete barrier. 15. The energy absorbing system
of Claim 13 further conprising: an energy absorbing
assembly extending in a ¥irst direction fromthe first
end of the energy absorbing system the energy
absor bi ng assenbly operable to absorb energy when a_
vehi c| & P%ﬁlaa%m%/ emes plidablyrgoupled e podigps prpeable rtg Fesdst
nﬁﬁkﬁkﬁﬁﬂ%%gﬁaghﬁﬁﬁggkﬁﬁmﬁérSt end and the second end of
the energy absorbing system the panel support franes
noveable in the first direction; panels attached to
t he panel s%gport franmes; the panels diverging from

t A& fi rOf SR eaepqrbing sstemd Glaimdp fuihspenmprising ableasopg of
the paRelSQHp@t FdmPADELTg S3 LR Sndi g0 MsbBhe  dskedlblyS M ¢
epJanﬁ%?y 2087 57 %he pané%éguSporg=¥ran€§ag1?ﬁ§%?y n
outbogdamhed t 0o anchors operable to resist rotation when a
vehicle inpacts the panels. 16. The energy absorbing
systemof Caim15 further conprising at | east one of

t e pangl embRPBEdbihE SRS JPeMiMNG vRreid e ?a[ﬁ@fsgﬁf ort frames
nbl outb

absor bi ng asse y and coupled to an ut board anchor.
furthediéompfibe ener gy absor bi ng system of C aim 15 wherein

the pangl support fr fycther co ise: at |east
one | e8RS PEERESS FoElead e SaRHEARG . and the
channekheQhiRat @fntedinttheridd dirddtiodi rection. 18. The
ener gy absorbing systemof Caim 15 further

conprising: a sled assenbly di sposed proxi mate the

first d of the ener ahsor bi systemn. and the
siba aJbemry SReraer e havE AR kPrbe e r ect i on
t 0 COOR&IAta8seWblyNdispoltd RHEMBY 1ROFRS and (RS SRR bsdiBing
absorb energy froma vehicle inpacting the first end

systemgpnd t he energy absorbing system 19. A crash cushion
oper abl.e mnimze the result f col ljsion :
ot vieefeai < raie Pt o FYei e BrnBafhon boshBrry win

the energy absorbing assembly to absorb energy from a vehicle impacting the first end of

the energy absorbing system.

19. A crash cushion operable to minimize the results of a collision between a

vehicle and a roadside hazard, comprising:

an energy absorbing assembly extending in a first direction from a first end
of the crash cushion;

a sled assembly located proximate the first end and operable to move in the
first direction to absorb energy from a vehicle impacting the first end of the crash cushion;

a first group of panels extending generally in the first direction from the
first end of the crash cushion;

a second group of panels extending generally in the first direction from the
first end of the crash cushion;

the first group of panels and the second group of panels spaced from each

-other and disposed on opposite sides of the energy absorbing assembly;




an energy absorbing assenbly extending in a first
direction froma first end of the crash cushi 8hjammary 2007
sl ed assenbly | ocated proximate the first end and
operable to nove in the _first direction to absorb

energy froma vehicle |ﬁ%%ct|ng the first end of the
crash cushion; a first group of panels extending
genera“%¥ inthe first direction fromthe first end

of t he T SSHP RURSRTIDIEImipe deRasiinfigsblg ot the cpeirrsiyon;
ext end 'tl{égse%ﬁe%@dpl I beﬁ]lefs ht% %Sh‘i lpﬁr‘t " es%I:dnﬁ rhléer Sk t?:‘f'\as.h

first end of the crash cus first group of
cushigpanel s and t he second group of panels spaced from each

ot her and di sposed o osite sides, of the ener
absor b?ﬁaa%ﬁghmrsm %éhegrgiﬁ%}a@%@trﬂdes@dﬁ b P‘”&Pg aphet
panelsRA ﬂﬁls&og@gﬂi@éx%d]hg gaﬁfa'ily @ar%ﬁél Hith ShHl @l intEr ST @RS Bion;

cushion: the second group of panels defining in part a
secondaséadad pcfrtmnhd tbe paglals of tislsecnd side mltewslﬂnga:vith the ffirst

. po on of nel]s of the first.side afirs
portiof 8 h¢ Eel5pe e R e, S pefenatendifirin OF 46 dteaimien
gener alfelseddad pbitigh ote hafdche ﬂi& Q&Bnd fdd J.'iﬁceti' ffo?ﬁ a second
direction; a Ssecond portion of the panels of the

portiowsefifbriebnels déthé ftsesidseytan igreasingdistaecefin the first gioctioron  of
the panels of the second side at an angl e extendi ng
fromthe first direction; and the second portion of
t he panels of the second side spaced froma second
portion of the panels of the first side by an
i ncreasing distance in the first direction.




