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1 FLARED ENERGY ABSORBI NG SYSTEM AND METHOD

TECHNI CAL FI.ELD OF THE | NVENTI ON Thi s invention
relates in general to energg_absorbing‘§ystens, and
nore particularly to an engrgy absorbing system used
to reduce severity of a collision between a noving
not or vehicle and a hazard | ocated adjacent to a
roadway. 5 BACKGROUND OF THE | NVENTI ON Vari ous i npact
attenuation devices and energy absorbing systens have

been uSegh aRORIBHESY AHGRUNEESISTREARGSMETHRSH f oM
a collision between a noving notor vehicle and a :
fi xed roadsi de hazard or obstacle. Exanples of prior

TEOHNNTA B FIIED &FH THE deViEREIOBNd 10 energy absor bi ng

syst.ens |ncI ude ash cushi pns or cra arriers wt

vari igysnHeR Jrelles 4heeast 4P neEeh F‘H “&rm@ more

pRUQIBRS an GAPEY atsbAR} Q@feﬁi 1%5@ 10 RN @Byt bl 4 @olﬁﬁ&? Bétween a
gener ated when material” such as sand is accel erated

md*amz mgtaanehiolp and a haragblooatbd ehenegito aSoadvayf t hese

devi ces and systens have been devel oped for use at

narrow roadsi de hazards or obstacles such as at the
BAOKGROTANDEXH THE EIVENTIONeNd of a barri er extending

15 alon 1 he edge of aroadwa | ar I gn posts

ad] a@é!ﬁtls imepagt Hiaution, dexicgs ﬁﬂy AGEEY; ?r g sypteps by been used

to Db or2tlde idaRALd ré%ﬁlhﬁg Lfﬂﬁﬂ QBoﬁ%h HREvRNS BBHRE ¥notor vehicle

absorbing systengs are I nstal in an effort to
and‘larﬁxntﬂ malﬂmhmdemobstﬁclpe Bwn[dbs ofiprior ympast widnination devices and
engrgﬁ. gﬁ%‘ﬁ %g gjgsge' rrsjp ﬂfp %a§% (e:x?:h.l‘é:m?e 8%‘2%?}%1 St r A twlfjarn%u's structures
anfoeniness iefvilgeaasiablepsleRese. |DMactras baﬁﬂé@t }eD ofl G168 Forces
are shown in U S. Patent 20 5,011,326 entitled Narrow
gergraied whew ylailcﬁpla%ltsh 2% eed iacreeratsg dieing annpacHgabparb energy.

£ 255U 8 SO T 5 o i
hagudst orovtstagles spdcas 4t the rendtdf @msyfrt bz{nteamm tu;f& bRdteeattending
ac enuat or

alqh 2o oF & eaded et aeicpars MGy (@ AEP U ot ideg pilars or

cefySHiaNs SasingiReiitichiatidd: devicBpdhedne o BB sg%mk lafinstalled
GQuardrail Extruder Term nal and U. Pat ent 078, 366

in g eort i minimizeAhel exPnt Ehaerwadngy As wall as Eﬁ@?@ﬁ @sAngimpacting
velliBRafd alﬂ;gﬂ%t@llﬁ?é 6rq-:|auﬁiﬁ1f RSt S og'(ﬁ

syst ens “appropri at'e use on a slow m)w ng or
st oppeupled qﬁgmyralsmrposaampattl attemative dsviossrare shdwibin U.S. Patent

LN RN N T T 3 TR

enth BRI ALSBAUHI o&;qP@ysz&ﬁEnéﬂgﬁAbP@ban 9. Fatdnt 4%45,375 entitled

entitled Vehicle |Inpac
Stationary Impact Attenuation Sysrem and U.S. Patent 3,944,187 entitled Roadway Impact

Attenuator. Examples of specialized stationary 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 entitled Energy Absorbing Roadside Crash Barrier; U.S. Patent 5,199,755
entttled Fehicle Impact Attenuating Device, U.S. Patent 4,711,481 entitled Vehicle Impact

- Attenuating Device; U.S. Patent 4,008,915 entitled Jmpact Barrier for Vehicles.
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30 Attenuating Device; U S. Patent 4,008,915 entitled

| npact Barrierfor Vehicles. 2 Recommended procedures

for evaluating performance of various types of hi ghway
safety devices including crash cushions is presented

in National Cooperative H ghway Research Program

(NCHRP) Report 350. A crash Zushion is general ly

defined as a device designed to safely stop an

| MDaedcoRBnaAb floBedirdsM LYl Yo SO arih SE 80C G 1

5 NCHRP Repor t ﬁfS%d%éj%ﬂ%@uéﬁlﬁ%rﬁ es %é:(gf;‘{wangﬁssw{’%r? highway
safedy devines inchdiy ereth wehioos is pressartadin dativn"CooPerative Highway
»redi tive hi on,i s designed.to contain and
wsgieh dipin, dERD L}%Sewégép-n B FYBIAR For Eerally delined as a
devicealesigaéd tdeafelyasibp ahSRbAANE dhitt: GAGRT: Qﬂaﬁ\?@t bhdrt distance.

xtending froma roadside hazard. Nonredirective crash

NeH&Ri rrorar ¢ eBtere glasyifiesoerashn custriensc apt eifter a"redirective” or

¥ e B vETPAGL ARG t fromthe nose. of th .
anraghczashion.lﬁguﬁ% |réE§|vemé§%§ agﬁsoPoH%mgygﬁﬁmtaVﬂnde
1mpgeting efovaistiesi ffoada avseeort dwelrof thaciasl custiion RRREAIcHBIng traffic

devi ces. A gati C cyshion is one designed to .
cxfitin, e PP ich M RAEFEeUP® STl R gty fesgned to contan
antl "RpRite REWVEER hﬁ]ﬁcﬁ%? RloRbistiel® $ods (r){?&t BL O ARYrhde cushion.

begi hni ng. of | ength need (LON) e cras
Redpetive srash cpdiepstarnfirtberaldssifed bt oithdrd getive!’ gn Subrigating devices.

i i . Ll -1 it ti i th. .15 .
A B Eh A E AR iR ML Eartrliel Pontfyrof Bk Retige duine
impdct bétwepn damnise ofithe Rtdsh vushitinsa@dviae bagasingd bd 1REANIRIREd (LON)

socigted wi th previous energy _absqrbing systens and

of j p SE0 2B at 140 MOBEAANE e¥aha Gashitiedty destaedafe ihays yedirection
capabliieelont ite badte MakAd. One aspect of the present
invention includes an 20 energy absorbing system whi ch
may be installed adjacent to relatively wide or |arge
S hBF S ENS otect occupants of a vehicle
uri i such roadsi de hazards. The

sy shercomiyndcneitiutectitgs| of dftpreat RRSKEN, a@mﬁﬁﬂa?& and problems
ates energy froma vehicle

l.Ly whi.ch dissi
assf?“rsi%g‘gb?‘i‘%gpraﬁé‘i% ﬁ‘:??%lf g}isﬁé’%%@msdﬁ}sbiﬁlnaét fitesnatipn devices have

D

Q

‘beeh QabEEAMAIY 2ZREEH or HAEnRYS G IR Sife i)fég%h’ ﬂ%eﬁﬁ‘éaileiééludes an

and assocl ated panel support anes to redirec
cnepgyhahspeingnsaden ighioh mnyebe fstallsd deljabnit tercddatistiynwidator large
t] f the papel suppqrt franes and .
roat R haArd o SR oockPRE B § e bRt Shing uen atlgnsush epdside
haztuds. aThosysttoiay Moikle Qf leadt @ﬁ&éldi’@ﬁﬁ@doﬁﬁné‘%@fﬁﬁgwhich dissipates
Anot her aspect of the present invention I ncludes

enerey KR iPnty BpRachye essendniibe sesjern onporiteifran a roadside hazard.
Thegie)'éiiéﬁls.t 12 lag% BRRRAL pahdi¥ 9hd aés%%ﬁ [?arﬁ%i Q&%%hsﬁa\%hésctlg rgg' ect a -
vehicle impacting with either side of the system. At least a portion of the panel support
frames and panels may be flared or diverge relative to each other to accommodate wide 61'--
large roadside hazards,,

Another aspect of the present invention includes providing an energy absorbing
system having a plurality of panel support frames and panels which majr be installed
between a roadside hazard and oncoming traffic. At least one set or group of the panel
support frames and pamels 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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30 between a roadsi de hazard and oncoming traffic. At
| east one set or group of the panel support frames and
panel s may be slidably disposed relative to each
other. At |east another set or group of the pane
support frames and panel s nag be securely disposed 3
relative to each other. Wen’a vehicle collides with
one end of the energy absorbing systen1facing
t he fi.r,st e po
K%ﬂﬁ%géq%%%Oﬁggeﬁgmﬁb VdFdFesggggggglgo é%ggﬁgeI%%ﬂwémmbn@
sﬁscene dﬂimoomhﬁfnm&rﬁﬁ"f f:l the tirgraugp of pahehppeupfands and panels may
anes soci at ed panels and_ot her conponents of the
OTaﬂggP gah§9 $¢ sl 8bper 1%& BroBp of gt eporit drames,

as@@&ere@ phhdle tdl'ld:: oRBeE R hEAN e LAR %bé&%:ﬂg Q%s@én@ cBYSkrate with

provi de deceleration”™ wthin acceptab
eaghrithdr Ze absoriy kipetio ensrgyufomt the wnpmtmgtmthquirewda deceleration

\ne| [t franes and eIs al c ate.wt
R ossrRe St o0 REFUA IR TP ReB R FRERTE et "mhe panc
s@psﬂr&mﬂeg 2By Pasdl hEo @odRedte Wit edchsotheadndl dthen doh@onents of the

roadsi de. hazard and back onto the roadway foll ow n

eNST NS AN SYiierH o hrsctevaicliy 26y Jrasn iy 9pdudsmbazard and ack onto
thd ?&cﬂ@v‘aﬁ%llcﬁﬂf{@{l‘Ex@‘g\%@aeﬂ‘wfﬂlﬂﬁle%@&g'%sdrﬁﬁggﬂt i ncl ude

providing a relati conpact ~energy absorbi ng
syst Eechinasli adyantagesr pﬁlﬂkeepwsenthunrerﬂmnc owholdapeoviding a relatively

coiaft eAeEY, AR ITE ST LR, R A G O G t Pfgihrodate reltively
lafgeaohdegadsifie bRRrRr £I6re ANt RiRgyraysolfing REdt@thd @fborporating

with either symmetric or asymetric_ configurations.

teaphanes od g, Prassab W ERipngyat berinstajle avithaither ymagietgie or asymmeiric
| A
ok ShAEL /OGRS Bl SRy tow cou

usgf emnyentiondusiatenals 'Einé plrmaéetsithq ay stadinkwonbinds highway safety

ind 3" 7 Rr i R cfibne’ S el SprtutanERnite) Florving

te R IRE thaf AR PPEARABR) dhdT8Habl e Pl bdfigoRdir@ies and panels may
| ocation to accommodate the width of an associ at ed

berigsiaisdyen freationtoppccomanefele dhe widthkolameassogigied moadside hazard or
&Qﬁqﬁﬁﬁ & th anot her aspect of the present -
te vendtion, a crash cushion may be provided with
rrul th pteerdanes with ainﬂhnﬂaspegt ef tdampnissnt mvdnhms,ta sath cnshion may be
and.a.second,se anels ed ad cent |
P3G iR B S bin LA G 56 Ghaerls S secont s of

padl @ @ispekeQ adjaddily S0 RebNRRI Haﬁﬁdffaélﬁé oﬁ&ﬁmﬁé tﬂﬁl,e | ’Phe'i%cmg or
t he second set oOf panels may be varied based on

angledeivesh tmiabech of panels and dbis sasend actanf pandls tapbe vaned based on
the gls lof ey %ggocﬁ{eﬁgﬁcﬁld% 3pabll % oti? F%({llﬁ%l% ateglﬁgﬂe e %Xpablhtles of

orblng S e energy
theca@per dbbarbixi gtsbstaﬁ CThethwegy ﬁlﬁkoﬂﬁhé Slmes Yod)brdté) @it BBcH bther to
of deceleration a plled to a vehicle |nPact|ng one end

allow wapang theapowsy oh dersleriionsapplied (i vehisler igzagingeone end of the
craBR %88Hon GPPosR BTN fre rbilRide! BRrdC URE QBnIPYY, the crash cushion may

include a first, relatively soft portion to absorb impact from small, tightweight vehicles, a

"._.'K‘h

=)

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

Further technical advantages of the present invention may include providing

: relatively low cost crash cushions and safety systems which meet the criteria of NCHRP
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include a first, relatively soft portion to absorb
inpact fromsmall, |ightweight vehicles, a mddle
portion with increased stiffness and a third or final
portion with the greatest 30 amount of stiffness to
absorb inpact from heavy, high speed vehicl-es. Further
technical advantages of the $resent invention may
include providing relatively | ow cost crash cushions

f ) e ' meet the crjteria of NCHRP 4
RERE B LR Tt ond s ECo vt oRubieh mediiasigi adjscent (o
relativelly wideyrdadsideBizatdsedciag 866 Mot oot Fk 51}3? . '
Aroa si de, hzizar ds sugh g.S five feetb,h e,,i‘gﬁ% egt%ﬁe%\itreg‘gﬁef width.

ST Cuslughihesge aodenerey Absrbing assealoindemeratipzateachings of the
BT B ealaahh) "N in eachi,ngs of. .
Pihe p?esentg{ ﬁ% gﬁt&lﬁ%ﬁﬁh Vi de&g'gl{%ﬁga?%(:\y%qrfoag@gns and is not

semiiﬁ\rmlga prdd o meisiuleer Tdnermﬂetg‘yomoa;grg k%teﬁpﬁna@ Be RN MStalled,
old or isture.. The, _ener absorbing systemmy
g tpied Bl finecl s aRa Sisim TROp be bl con new of existing
aspinltor sbmese pddie M@-ﬁ%@oﬁ&ph&%&@ﬁdaﬁgﬁl g&i&@\gﬁgr basic energy

exj.stin asphalt or concCrete pads. Fie asse fiy of
absqibing sysigmp arq patresigdy ifaeidy enpinceetipitts alowr gpick, low cost repair
fahsaRENG : | red. .Fasily, replaceable .
° part s gelqlgtgvs‘\j/ﬁ gh@c&,i%&?ﬁ%bs g""Fjoenp(g{idefl SlEraﬂl dﬁﬁ?@gﬁg‘é‘“ materials
furflier siginuzesithre cffropaf bey dEnbgd Ao mitsade BigSdddYor idbSiRfcts with
theXrash 28k I.(%il bent materials 10 further mnim zes the

ett cPhé "any damage from nui sance hits and/or side

i MpAatefergd bhsorbih t@ﬁ%(ﬁﬁﬁ)ﬂ -tedoBi plog.
. gystem ifr%orggragisﬁg t eac inggﬁc}?ﬁtﬂwggggg%séé)%&%uwe&mmay
be forped tioshatgsst obe gtavprishahelompport fremss anhpar@tsoslidabily disposed

0, SURRANS e TR T RBFIE oy AP Sh DB e i

relative to ea

gensmlyalotnof slaerslatvickopade bﬁleﬂ\hflfé_%agélpggglﬁ{ ghr!g%o%%ﬂ Il.frbglglrsm may be

l.ide.relative tpo each other. .
used (4's %ﬁfg‘i‘%ﬂlﬁa@%@ RGO & M9 PO of vphiglss weBiding with an
cneffyeib8drbing @tén Wt GRioha Lheky el | dipg.w.th
. an energy%absorbi r?g sy@t %lr%egltd l‘%&?(ﬁo]ﬁ@a%%éj}ﬁesmvgse ahffle side
HOpREE udi ng side inpacts and "reverse" angle side

[ ' benefits of the.present invention
i nc uglgcaa@g%ﬁér %@%&8‘?“6 fwanté%lflgﬂﬁj%)ﬂh?ner@@bﬁ%‘)'ﬂ%éyswm that
mayube dusadl twitlp pemnent ré-isidsi ke akieZar ﬂfa;r Oe ERYIyPRoSEP ij%o\fn one
tt:lmm)veﬂ fr.om(‘fne a(enporary | ocation (first work zone
PEAnBtAHaR (irshperk zpye) to aethertemperenrideation KsezombivorkAone).
furd hemhea t rs I i.on, i ncludes .a
crash cﬁsﬁs?gﬁ °mfﬁ{1%ﬁltb§n%‘§ Ee ﬂ{i%é%ﬁ?dc%g & isH; Yehipy, phich may be

used fogninimize thearesdis oif 9 collishet baetweerpa vethile hed aR6kide hazard. The
ushi on_may include an

' h . Th .
crasfé %gggglgg:\gggﬁ%ﬁtﬂega%é%ﬁg {:isssogl;ggg ASICHPLY gxisnding dn 2 first direction
fronda fest ehd 6f B8 cfdsh Ghshidd. rﬁtpllﬁ‘gﬁ’ty(lff ggﬁ%s ﬁfa??? l&lﬁala! ogxga ﬁét side

u:P| urality of panels may De | ocat naftrrst si
of tHe energy absorbing assembly extending generally in the first direction. The panels

preferably resist impact from a vehicle with the first side. The 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.
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of the energy absorbing assenbly extending generally
inthe first direction. The panels preferably resist
i mpact froma vehicle with the first side. The panels
may have a first section that may be generally
di sposed at a first orientatéon with respect to the:
first direction. The first section of panels may
extend fromthe first end of the crash cushion to 30 a
| ocatdr : fj =Y I hﬁ%ﬁ
.second%ggg% ?ﬁﬁ;céﬁkﬁlg najd?(%gm? r g%let Eielﬁ SIQ%ig)gt clﬁnolrgw@l élts a héve a first
digergensd foom dg ftst diveation land eblsegtta pativhef fhersstond section of panels
i tion. The. second.sectian of. anel.s pteferabl
ity B b oot B PRpSR BR b e Pissshiat s e "Gl Ehetecgmay ve
urfeqiial $0 e 3PEVNACHY EPERe.a 4166, the e@indt f8iidd 08 {paﬁe%c fda9Mnclude a
f panel s may have a first divergence fromthe first

ey Pl BT HRRIAL mpeggenagalpointhe Arsh firegtien sden iy weigyiabeprbing
asimiIARRIvEs iR Fiay Er&g&fc R s Houg rsg&igwgleofﬁ)raﬁgﬂs Earpi ta@o{iﬁélude a

direction. The first divergence may nequ
fixgd subrgeidin with ércmoveabls sybsettenstisposel et ioihe dfstpadef the crash

s P BRI RS 5B S o  scon

siRgohdbm@gy ASHETRY ¥ssBRME Dphsite Morh iteSirsfiii b Riing IMerally in
second section of panels may also include a f |_xed°
the first dizgctign. ihe Reaone sigp o bkaels majberedisnased ayapestdelwith respect to
h&EHR8E e §8pdnbe, first end of the crash cushion than the
i xed subsection. A plurality of panels may al so be
| oc &tilderwthea sspaond thes poksend fintdntior negyg ynclidsoabkitgey absorbing

SS ly o site fromtihe first side extendin .
G B B PP o MG Pea SN DoA3ReD PR G6 Bihrosfsie hazard
Thekydpan ed-5 ifBddsn Q{he‘i@%ﬁ&bﬁ%@%@ﬁﬂly extehdifle 85 RRE Pir%tﬁign from

the first side of panels. Still another aspect o
a fgptcnd it the exsim.o A heragergyehsorhingsystare gy habe o fiyitrsigle located on

i . I I f collision,
o 45 18 okl SRR AL oS e or o
en&rg)fy _e&baodiiggi essmtm}shn e’f‘lg:yﬁﬁilﬁdrr &idge tas&ag‘@id%é I?Qr?t &l ihtﬁﬁa teBpective
a . first direction from a first end o e system
b R P 58 S G Sl e ok 69 o5 e ispadpd sidge The st and

- secoBE HHQIMBP Mo Beritk AR iR thel 18 BREESY wRES 2L 8LGY u?@%%’ﬁ?é ¥irst end

and a second side | ocated on anot her side of

of B sygigmaddeast agorion efrBicyfirstiide foay bt unpaipleanftbr tie second side
' ti 3 | s which
so BEE B ok iR RS B MG e RO FRY i oricPRAT Dy HabG q e it

direction idlepérdientlyTogthé becoid il second sides may nove
in the first directi on when a vehicle

Iy
|gﬁ‘p _ragn%ﬁié abgariaipg @itlery gaayt inchide gyaelesappont frages tcorpled to the
parRRIdFHRNERE s 8nd teSheodl SR1eMBY 1881 gﬂbcgf‘tﬂle ggnél rs?ﬁﬂoh']fames may
th e ns of* *t he

second side so at the uncoup porti

be epuplad toi alportien dfdho first sidedndiseparpied fromt other phise] fsipmirt frames
i de. The energ

cougl?é@? Iegsgéc'glyl?igs? eﬁ{]%j?;}s% %&gi@h;%g%&%&gg%b gmes gqupladdo the p%rtion
of whefjrktesldé endyheear upon or rest upon a concrete pad, portions of an associated
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. ‘

Still another aspect of the present invention include a crash cushion operable to

mmimize the results of a collision between a vehicle and a roadside hazard. The crash
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panel s of the first side and the second side. At |east
one of the panel support franmes may 25 be coupled to
a portion of the first side and separated from ot her
panel support frames coupled to the second side. At

| east one of the panel support franmes coupled to the
portion of the first side n&y bear upon or rest upon
a concrete pad, portions of an associated roadway or

t round adj acent. to the energy absorbing system
i SR e B SBE Ehsarhiss SoRREDnd ToBY P BAresseticnding in a

fiROAikdclBn Yont A ird: ich bf Hle ASsHRYsHS,. C'?hboérﬁ?%{ %S?:jrarglggsssen%béy may

nmore outboard 30 anchors to resist ve
algthbe plovsable injthe f8st directiomwhen aashiebt ingfactshie firsesadit The panel

oA M8 bl e e uSUsPBE B, S AP M R onglsanay be

mze

- atfacitbdao teassempbar futes SiendeieasdhcRlly G aRIRR FRYGGAVEe panels

an.ener abﬁorbin assenbly and panel support franes
m@’xij‘é’ﬁ’&eg%“}lﬁ & firgt jdigetion; 3sbE ingpels eatend front ghe Bustiewt. Selected

pahél€ ek ot SHARRLIS ﬂtacﬁé@i‘ﬁ?ﬁ)r %Yczglll?(?lg]%? Eﬁgnc\?;\ﬁﬁo%gg lay jle%sffl §118e0f the

al so be noveable in the first I on en<a ve
chanpslscaleng the selepted penets, Theecabhmmby be upgmrdd firaloestionayward the

| | e. | he first di tiagn. Multi
ficf 28 of B BE BicichThnt e o 5 Tosebton v i e rsF ettt orash
cughidre ndibeaRe angy hio ibe ddaplefli thSthe Firjaﬁﬁcsiuipﬁ&t s PR Snerey

. di ver fromthe first direction as the panels
a"%’i‘%’% &SfiﬂFJg’?H My 1pelpda 2 @pyeable sled tdisposedastdhe finyend af ¢he crash
cushiAN "BhS cAid @ﬁt?]%gadtaﬁedrlﬁ&ﬁi'on%& | e rf?%ee%étﬁ%c éegtgcggl%g to the

at | east one of the channel' s al ong
sledanel s. The cable nmay be anchored at a | ocation toward

| oc APl R b IS dedion GRRe Gpdmsbion opersbe to

mimitridel 8 resTite of AbdoBlfidNEVerRbR0a PEnISIEYRK %droﬁ&#oé"ﬁaz%p ®he crash
The energy absorbing assenply may

upport , frames.
cushRBI i mgluds e BpEY Abeqibia apwsddy axtending fii » Sirstalidctivh from a
first B&d 6f ﬁﬁrbras?l%gﬁigﬂ.' gﬂgég?&%g laﬁso?ﬁlgg %ras%{qlg%% ]ﬁl% r lbg fnicgl;‘egbqe in the

toward the first en anc

 firstrdiggstivn athehe rvehictesmpécts the finst@adN Mrilple Phied Bugposi! fides faay be
f

h cushion . ble to 15 ninimze th |
mof B WP QhSouPRERR ATURe aaeRaabs ieeirade Mierpmel support

frarfidse Thoqahels G145 i@z Fin IHG S 4RreBRoPRRRO Yo RSBl b tho firs
assenbly extending in a first direction ?ron1a Irs
endg e panglisuppart S pmes igsy bnslidubly conpled yo alrhorstsbrag to resist rotation
heSS MY i e inthe first directj.on when

v Eglsaf/ehl cl%(e % rr%)sg@? ggqleﬁsgbﬁerﬂsafmlesﬁlgwmaﬂeﬁF@%ﬁﬁb&ﬁﬂy coupled to
ancharp patit aif teastesme rafythd panciromgall Rarhss b&RinkidnSthe energy absorbing

assclH €L L on. Mul ti pl e ﬁgnels may be attached to the
blY. o A3y Percovpled fo ap guibayd anahas Theepneli suppayt fitmesmay be

sliditig chipled thdcBblsi ith ASledNSnPBR ?lre ,%S‘é‘t sﬁ,@gon{g .[efr%g]]e:é E%ﬂ% on the

first end. The panel support

- sowduadeny be anupled fo s outbosrd aneborst Thopaisl @ipport frames may be

slidably coupled to amchors with a hook located in a channel. The channel may be
oriented in the first direction. The hook may be coupled to one of the respective panel

support frames or the anchor.
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~exploded schemati ¢ draw ng showi ng an | SOnetr |

when a vehicle inpacts the panels. The panel support

franmes may be slidably coupled to anchors with at

| east one of the panel support frames bearing on the
energy absorbing assenbly and nay be coupled to an

out board anchor. The panel support frames may be 25
slidably coupled to anchors Wwith at | east one of the

panel support frames bearing on the ground and nay be

oupl ed to an outboard anchor. The panel support

A E A ESERIPREON OF THEIDRAWINGS] t 0 anchors with a hook

| ocataed, i e . ol e

the {1 or SPPERR SRy kO E O AR roR Y aRuyidh o BF abligred by
refhesingetop et ifoltowiag elescriptipp oekerf imregjuostionhwithnibleoaccompanying

Ehett)

BRI.EF .DESCRI.PTI OF THE DRAW A | et.
O T T RS BB P e FR RN Sy e

by FEGEREIING. d @hthgtid @labviitl MOwaRSHN drikfdyotbsbBlki@Nsyis®em installed
onjunction with the acconmpanying draw ngs in which ‘
afipgeat foeme cat 063 Madeide Bazerli cate 1i ke features and
Wher et £ $ ) : - ;
enor o1 2 et SrfBE R £l R0t RO R away
obthe zoadeide bazied imalzemery dbEEIRE s@stérs oBFKIREWS | ¢ dr awi ng

show l.Lan _view.wi,th.portions hroken away . of the
- oadEl IR ISP EehSRAIC R YE SORBHipmas et Bk oyitiFpesings broken
avkay bf @dniteSplate adSahemBrEy absdisiig Eﬁeﬁh?ﬂl%gaﬂ plurality of energy
i sonetric view with portions broken 10 away of a
ahsgrbig ghimaanés Ad BUPPeRBIEg Peals GRITINgRtinSS mgnpgha@ﬁ ilep @resent
ingléﬁﬁo"i‘ﬁ ity of energy absorbing elements and supporting
eans i ncorporating teachings of the present
i nveRlRE 4HsGURIBediatis deavaing) dmraédtion dvicwpaigiond) biskeh iay taken

Wi th portio 1 n .awa aken along lines 4-4 o
alpn é“*s?fgﬁﬁﬁ ﬁesfmg%@ﬁﬁw‘ybeémc Ple or8 ceian of tho encrgy
aﬂsbﬁjhﬁg@g@ﬂbly;l5 absorbing assenbly; FIGURE 5 is a

schematic drawi ng showing an isonetric viewwith

por t FIsREID# ékesrhermelis digwingrrbowingray ysomssnr Hiewgvitspatitrisbroken

. r (o] | enent ve

oy o ergl Ssbiing Q55 LRMIATRE S UREE R TRY obsorbRY Biements
bave beal @it brpigedd, wile GUREEbBg icBergy Srofenwdhidle Gipaes; Ng i n

sect.i Wi h portions braoken away showi ng 20 an i
ener U 6o P Rehemeti ABPURE it S0 BRRGrIone SRR away showing
2EIHIn fasdePBIPIESPMatihd YoM SRAbodifrlef St %fe§en@fhvention;

VI ew

wi t FFIGSIRE dris dnr eipbasied fschamdtic dmwingeshowirtgoat meometiion view with

,po\m&n%hbrgfg& Sf]gﬁ]g)ﬁn%groél%i)&gmgﬁtsﬁn:%%h the energy absorbing assembly

includes progressively thicker energy absorbing elements along the length of the
associated energy absorbing assembly to stop an impacting automobile with a gradualty
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

~ alight 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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i ncl udes progressively thicker energy absorbing

el emrents along the length of the associated energy
absorbi ng assenbly to stop an inpacting autonobile
with a gradually 25 increasing deceleration or
stopping force applied to the inpacting autonobil e;
FIGURE 8 is a schematic drawbng showi ng an isonetric
view with portions broken away of an energy absorbing

ele ' a_plurali .of cutouts to mninze |,

G TSR R £ Bl idile shonBRiacne 4l e togiens broken
awny hitan 1esi6f GehidbEay dilldamaetingactéd AW thSeriray absorbing
S hegﬁgl ¢ _drawi ng showi ng a plan view wi th porti ongsy
SY)S?‘B’R I%%y of anot her energy absorbi ng system

i ncopppat : se iayenti

st g S SoRRaARSa Bl Mo BIrg e Bhn VP O potagg encrey
abserbings shrgtomtincorperating) tpasliogs ofitha ppdsat iMi-@ioniihdalled adjacent to

ort.i on rgken away after a notor vehicle. has
oﬁeo{qhiog%goa\%slﬁﬁg%zrm%anpact ed one end of the energy
abs oFIBIURE 18 \is bafivief deblileREheBAtic Ak 4HRE sﬁgwin%l g elevational view
er

schematic drawi ng showi ng a plan view of sti anot
Wﬁﬁ BPTgons Wokgnayayiof dhesspstaaabsorbing piem PR GLBRES PAGed 6B;

t he RGERENY 1 1 QV.ERLS i.nsiall ed..adj acent. t one end .
_of a roadsi deﬂheg%gf}eg&uﬁl %&Egl Itﬁséo O%P@%%tag‘fap’e owing an
Isgpélaeratave ofrawled gassérobliynsndasthed esaphenR| atvitRVendVol Rhe energy
ener gy .absor bi ng syst em of

i br oker f th |
. ab@?réﬂlﬁ%%%%gg ]}?@g&’% IQSWE%EE’ theTogdgdeazardic dr awi ng

Wi t IFIGURE 01Ss bf glkhmat Wi };ﬁ,pn | (A i

. of a sled assenbly and%ﬁ@gconp nen({hg %I?E%}ﬁg gr%dg\ﬁco)%g m

1SQpRine HEMg 9f i slsd iserntdy siseoniatefl WIHBURE chérep piboatbirg system of

FIGUR® fohe roadsi de hazard; FIGURE 12 is a schematic
drawing with portions broken away showi ng an

| SOREGURE 18iiewsclfentdtie dsdvidg assend] witﬁgﬁﬁgbmlagﬂtgl‘li\ﬂa& y showing

ont B G 3 Ban s A PG Wiopuesieiom sucomimobations
br oFEFURBEM $AWsdMEmaRE Qire?vﬂg%n%itﬁ ??2?’?’? goré%ﬁ.g%%g fgéwg an

FI GURE 12 opposite from oncof ng _
explodedisareatiie viemaof thg slgl tahsepdiyt, icuths piste ki ranmysssibly Bgociated

: ' [i j the sl ed assenbly,
Wl@umtlﬁ %ﬁ%ﬁg?%bgggﬁé%‘fg&%ﬁé associated w't hyt he
eneFIBURIDS6ribiangeheatie drfing kidwREg b8 is@Rethib %Efo%%vleﬁapping

a.schemati.c drawi ng showi ng an isonetric view o

pangslscinpainorating tachings of Hheopistsnhinvertiancdisprsed slafe emveside of the
eﬂd?ﬁ}e&ﬁtﬁbiﬂg@yﬁ%io‘f@q@bfkﬁoﬁfd al ong one side of the |
FIGURE 16 is a schematic drawing with portions broken away showing an

isometric view of a panel support frame and aftached panels associated with the energy
absorbing system of FIGURE 10;

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

FIGURE 17B is a schematic drawing showing an isometric 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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ener gy absorbing systemof FIGURE 10; FIGURE 16 is a
schematic drawi ng with portions broken away show ng an
i sonetric view of a panel support franme and attached
panel s associated with the energy 25 absorbing system
of FIGURE 10; FIGURE 17A is a schematic drawng in
section with portions brokendaway showing a first
upstream panel and a second downstream panel slidably
dis to each qQther  in accordance with

|ative .
CoPIRARE G, ssheRati SANER OTiGh PR RESIEPGaT &y Ahowing an

IR A ArCvie A DNELt&D QYY ' i: ' f
° pl at g&ﬂ 30ws ati sfact g%ﬂt?%}@%hécgé?%&ﬁ@aﬁ%@%@t%@sﬁ?&ﬁ%&aﬁr use

WHR A SNeIER sPPuRaSYsHEp incerphiiating tehchihgs qftlesmnsent invemiong on

W t (Ran frane.. FIGURE 18 s a. .

sch 2'? rrlg;t IC r%\‘jivly ﬁ% %@%Icp%?%ng 2 O%Pglgeﬁé]év\vé?v gﬁg\/@%o%nbmk_m
aveaypd 0 aie @n@p R rabyerbingOfys@nC bich:oraping tieachfiigs &IFethe Ypresent invention

gg%g‘:%n gl enments satisfactory for use wth a energy
n "'ﬁg“t Q ORRPR PRReaP s %% eachi ngs of the
pr eMOUREIWEN Sl tﬁfﬁ%rﬂ:’ 1S5 EE% | Gl E .
showi ng a pl a{r? a\%aé‘\a/vﬁ%vlt pogﬁ]%‘ﬁlggk??% e Héﬁavvayg/wgﬁﬂla%omons
breleraaginy 2 Siseptusy absesbingsysiamooPBIGAIRBGAachi ngs of the

pre [ tion, installed |acent .to gne or r
oad e WRFE A Bt tiipBrerie B0 58 2 dnetndHac afph bent Pl
wisttomby be add e hitdch etllcpandls 16 @Weﬂﬂr@ﬁaﬂ%@ﬁﬁ%tggbﬁ%ﬁgém 194;

awa he ener gy absorbi ng system of Fl . ;
FI H%{@ECZ‘? 45 @ sehwaelie | awingwinn glewdtion yifh appriieenbrokee away

shohiBWaQfaea ROt thP A ' U fo L0 attach

Si dgapar?ells to tﬁe rg%ggs%/ﬁi\@o%?eﬁ%fgﬁgys e?nQ%T FI GURE
19AFIGBRBUREs20 sthematis ciewing i sebtianiwith pertiehebadkieoaway taken
110 away show ng a side view of the

al&ﬁﬁl‘?‘%%@s%ﬁ@%‘%?@%m of FIGURE 19A; FIGURE 21 is a
sChBIGURE 2 @Win"ghlirBed Sehbingtic MMnEé’Q{ ElePRonbi K $BrtRNR ¥roken
t aken . al on_g lines 21-21 of FI GQURE 19A; 15 FlI GURE 22

2

awpy sBoWigE | 5@ it h Erp FICWWRRWONef pre examme iofranwputboard anchor
assB@blyt ons broken away showi ng a side view fromFIGURE
20 of one exanpl e of an outboard anchor assenbly:;
FI GIREURB Z3sisaa schematici dradinanim glevationl vain eectindwithd portions

S5 et B T S ! S5 wi
extensioartakoplaleasHphi ab&.and YRG! t 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 ot slide relative to
each other during a vehicle impact;

FIGURE 27 is a schematic drawing in elevation with portion;s broken away taken

along lines 27-27 of FIGURE 26;
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FIGURE 24 is a schematic drawi ng showi ng a plan view

of an energy absorbing system having a generally

symretrical configuration formed in accordance with

teachings of the present invention; FIGURE 25 is a

schematic drawing in section taken along |ines 25-25

of FIGURE 25 24; FIGURE 26 1i0s a schematic draw ng

showing a plan view of a transition between panels

whi cﬁlcgga]%é%i de re] ative to. each other and panels

whi ¢ Adp pgehspglisirawingshowingre plap aievd witbrppriaons broken

awBhbLd bl RAasled ide/of ls%%,fﬁh% ' 109 :
ezlggv ation wi ? h p‘)ﬁirht%ifogr%éd%b?fo%e%ea y%b@nﬁgt%ﬂ lglgg‘lﬁ%dance with

tepghipgs of thepresgnt ifveBURE 26: 10 FIGURE 28A is a
ortions

sch ' ' how.ng, a plan view W t.
o1 ol Ui, 7587 2P S e B dey el el BoBiong proken away
shewdigyyie adbdeoanidi g ciyeat @apling FCToUIaENEEA W th  teachi ngs
of s&g}ﬁ resent i nvention; FIGURE 28B is a schematic
dr awi éﬁﬁﬁi “gl’éxﬁats?‘%?ﬁmﬂﬂfha\bﬂ%tP]oﬁ@vzﬁmkéwmyme Sxample of a
coBpRNY WEich K@ éégplt%n% ; | | E e
28A;_ FI GUR ggb%eg tgeg‘czjﬁen& |ciggtas\%ﬁﬁsgﬂtﬁ B%Iee\l/%%%s not slide;
shoWIAYRENO éscanghematit drawingushbiving avplanhviewywitie pusidas broken

- | _that slides wit | “that d
i, B MRAC St e, Mo Sy Pt i rgeafl gpnetrical

copfi guratidneineonporitinpteAdhiizs oPiHRKReAMAYenBbn:Shlll | anot her
system having a generally '

enerﬁiﬁé absor.bin 1avi 1 s _
asy PP%@&PS 2 geheair idgiag ineeclion with @ogtidns grakem eivin geowing

oot O 6 3 S B S

draw'ng in'se
teaghingesithppresenf ingertfuini t panel support frame and an

out board anchor assenbly incorporating teachings of

the present invention. 15 DETAILED DESCRI PTI ON OF THE

DEIM/ENDI IR FREPTROR I THENWSRNPIoNANd i ts advant ages are
undﬁlstood by referring to S 1-31 of the

dr anfHgsenf rentinpranddisdyantages wseehdetodd tyerefemdng to FIGURES
1-33 40165 RGN B8 Rhihcfile bl wELP I D3 anf PERRGRRE i b he

systenms 120,
drapfiegs. 20 present invention nmay sonetimes be referred to

or b ERY g8 2008 e 0t el pieeniper ochingons the
presimd idhEDti6R YnafCsonieichek be referred to as crash cushions, crash barriers, or
roadside protective systems. Energy absorbing systems 120, 120b and 420 may be used to
minimize the resulis of a collision between a motor vehicle (not expressly shown) and
various types of roadside hazards. Energy absorbing systems 120, 120a and 420 and other
energy absorbing systems Incorporating teachings of the present invention may be used for
both permanent installation an_d temporary work-zone applications. Energy absorbing
systems 120, 120a and 420 and other energy absorbing systems incorporating teachings of
the present invention meet or exceed NCHRP Report 350, Test Level 3 requirements.

The terms “"longitudinal,” "longitudinally” and "linear" will generally be used to
describe the orentation and/or movement of components associated with an energy
absorbing system incorporating teachings of the present invention in a direction
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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mnimze the results of a collision between a notor
vehicle (not expressly shown) and various types of
roadsi de hazards. Energy absorbing systens 120, 120a
and 420 and other energy absorbing systens

I ncorporating teachings of the present invention may
be used for 25 both permanentl installation and

t enporary wor k-zone applications. Energy absorbing

0, 120a angd 420 and ot her .energy absor bi
BBt s osrita Mcaramoa GRodRied S 5 seRt sbsorbing system
ihddMRALInG e tBREs OF HRMFELH: mﬂtloﬁ ifg Fﬂ%éﬁoﬁi@bstgﬁﬁﬂly LrBMEBAI to the

3 requirenments. The terns "Il ongitudi nal
direesiogi vehiglon Vsl onzmpdiaceniaandway; |Somgeavamahénts bEenesgsdabsorbing

S)rr emsd?z%c'i‘*)(ﬁeantd%(]g{dgﬁﬂy (ﬂ%;}qo%h ﬁnaﬂ/ a gl}:/a@%ﬁygagrela? e ogthe direction

conponent’s assocl an ener sor
vdydbetpmehmompmhaienrnga&\e:@chi ngs of the present

i nve di regt sub anti al | arallel to the
dir e@{“f gﬁ?ﬂv*@ﬁw&'ﬁ‘é@ﬂ? nwﬁp s‘i*‘yu%qﬁl esgibeympvenens which is

88 AR parIRRH R Yind &8 %ﬁh@ﬁuec‘haﬁ ¢ fﬁbver@é}ﬁ' of h 3bRER ! HaYeling an

will génerally be used to describe t ori entation
adiprnbroaguor igm CepRisrmhrEll a@s@elil)abe dlswl tch desaribe movement

L orpar teachln f .
ARG BINRI Y SR Bl LGP DB R e RSP e of e vebicte
troveling bn o atijaeent doadecyi dlhe\tﬁ’ﬁisC'hMrehma‘ﬁﬁd "ddwidfteam" may also be

%a ent adway. éﬁgF conmponent s. of energy absor bi ng
usg? q ETENOCIHC P9 S LOMPRRAA FLAtYE Eh@odher Spappneati a8 energy
ab@'@ﬂblrfgl s9teoh ﬁ@r@rhﬁﬁfg tb&hir[g@ oftik %Fe%blﬁ'ﬁweﬁu ¥ehi cl es
travel "on an adj acent roadway term "downst r eant

wi | | Thyderarsdis¢parade’ a;rdé'denacatldg'swﬂl gmelm:ﬂy bereatd tokdiesdnibe $he results
nme direc

I h din
o ISK %68, b B o ST SpSohA o e

ene@ouhm;bmgre&maaf 10 tensst ih@aEordaict wg%h%mgé ¥ 188 Fi:balaﬂ ifv@ntion.

descrip which is substantially parallel
The; ooy, &?P%fﬂe ﬂ%ép GRpRMEe 1oAY R0 beowsed do Aesgehe e combiped cffects

f\fg%hslﬂ @g}n@argl{]gg%éf laﬂcl)éi‘ 4 '?Ql?kgg%? & gﬂeﬁ’l‘é ch&ﬂ&@é V&Iﬁ? fealiBh§Pof the
prefssidayasdionhe p05|t|on of one conponent relative to

ano .an eneg bsor

i ncor por&?ﬁéor?ga?gﬁl FgE 8%t %ﬂyps %\?ﬁ%ﬁ’?o‘ﬁnd Tifgre two
roﬁtbvamvaﬁ)aﬁ @in®érganch g&%ﬂﬁf}@ﬁdaﬂ? lbotﬁideh oﬁQ%rsﬁiés%yk%ﬁe edges of

to d%g1r|be “the results def orm ng an enér
PBYh Y ft the pRjnk of divieraengs ax éon‘@r&@ag%e Traffic flow is

geﬁ&hl'ly“ i el saldfdCdirebRofi6h %ﬂ??ﬁﬁ% 5’1{ Eﬂ % %Sérga often

i n daccor dance w th teachings o e pr BSEATS 1 AVERTT TR
mtfhltrbs sbtmlu@rs‘ separkad phveanmoht, i epg batwean thermyd\a#y%o m this®eide or

be the conbined effects ripping a

it bR, F i R 0DY O Aot BCaPeraREEbipeY (60
maa@&bmrtgesp&ﬁt dftBver ¥nBs 8PtonvEtERtel OM The terns "gore”

and_"gore area" may be used to describe |and where t wo

The term “roadside hazard” may be used to describe permanent, fixed roadside

hazards such as a large sign post, a bridge pillar or a center pier of a bridge or overpass.
Roadside hazards may also include a temporary work area disposed adjacent to a roadwajr
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 “roadside

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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20 roadway diverge or converge. A gore is typically
bounded on two sides by the edges of the roadways
which join at the point of divergence or convergence.
Traffic flowis generally in the sane directions on
both sides of these roadways. A gore area often

i ncl udes shoul ders or mar ked2pavenent, if any, between
the roadways. The third side or third boundary of a

goreyarea may sonetines be defjned as approxi mat el
si xt }[a‘?%‘b“’) CO”%@H?H%% %¢ Y Mg a\%ﬁ‘éfb%u SEteRs 1116‘?%?@%*@@%8?35 of the
pREIY Shean6Ee malR bRk r60adainteciRRg ﬁfrﬁlabﬁas“(m@tﬁrﬁl]‘ SR8 &erials.

descri be permanent, fixed roadside hazards such as a
Exgnpjes of ghchgsaterials fraluiestpil| strps, oteed mlatng, entruptueal stfel gubing,
d na ncl ud
S 1 B3 BN B BARL JE80  ce w
sleped, ditasieged) dewng Rhinels) Gagway Snghs! Sofu] EtosPilglanaady have

ncl de ar types of .30 e nment and/ or
itk e € spetoautich T dBaa-maBat gt Nk bPpeTpeSimptblishes

| deldiRdti®folnali e cEBing \BFRL L rypR Y f % ek 1&19 9{691 structural

area or any other structure Iocate ad) acent
mpigagdaesptistagiarp fers vst im dabaichtire edergpy ahsoxbmgn gysltmm‘ fricorporating

nts of an energy absorbing system
tezln%l &Y%E‘ ﬁl%;&es%gt{rggegﬁ i nvention rmy

ora |ngs of the present

be foraﬂmde fmmcaommm & FYGeRras! bl e st 9BICIoUal 198 88dy be 2
mat erj al.s. nples of such materials ‘incl ude stee

copglete Rarriey @@Fﬂ ga?le%g the; ¢dge qrside ok aapadwapi(aet expressly shown).
ROBIEHE hitad 350 86 aﬁﬁ%@%sooﬁagtegﬁ:ﬂ%%ﬁgu% ?cﬁlg thgﬁ"%ﬂﬂh%%tween

of structural steel shapes Inc
twg Hapdsaysb eBoglside Hunard| 3.0 meebe mp@mmg:htasstalﬁttrouodrw sdmporary

e L P B8, S OB e
deguuiibed 9 @ S fixe®t Rinli@ Gr "Bk BB 0N RN BsheYdé bRHSs and other

FFg{ﬁes of commercially avail able steel structura
objales adipcsntiod wpdRpGPYY from tiet time Apmaved pricrmened. gén cnergy

G Y S e npORihd FAIES (9 prb RREIBRLS e Ripited to use
with) .@UReESctcte barrigrs, 9B, 10, and 198 may be a concrete
bar xt endi n on t e ar e of a .
(o HE5p et i ey bSubhdetim el se Sy HPLRES 1,2,
ancbe Iﬁe%ﬁdlﬁji ehctudeabiid 6 m@?@ el N GoRLANY Lhgibiedi 'Sanutter plate or
ween_  two roadways. RoadS|de hazard 310 may be

Plaf?é rlﬁﬁﬁ’é‘ﬁﬁleii asserblyi40o fuser pate é%wl‘a}m tenefenkd EJtaS@ﬁ'npper or

8 # az ar
25384 BLAL o 05 SROSFAD 05084780 Bty o
mayﬂxe)wddhegktstrafﬂs&iedmmldﬁho b hespeﬂﬁhfﬁtﬂltab&m | BérSsoafethpplications
opbst ac mtine

en S SR TS 2SSl DBy bbby S s
haza) 8 €N '!ﬂﬁﬂﬁlﬁﬁfﬂf Eiﬁcér@ I r&i‘&@%r&festﬂ@f REEBENsed to hold energy
invention is not |limted
absorbing assemblies 86 aligned generally pa:fallel 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 cuiter plates 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 to one end of each
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with only concrete barriers. Princi pal conponents of

ener gy absorbing system 320 as shown in FIGURES 1, 2,

20 and 3 preferably include one or nore energy

absorbing assenblies 86, cutter plate or plates 106

and sl ed assenbly 340. Cutter plate 106 nay al so be

referred to as a "ripper" ori3 as a "cutter blade." For

sonme applications one end of each energy absorbing

assenply,.86 may. be atta h d to roadsid azard 310 by

g BiofBE apsPiiby ot Fatmpendip e 7 D Phemapyor veticte

(BRSAPIRENY SREADHI6E of ColliBis WS AnPRt blateTh2t Qed Q%embly 340 will

ground in front of roadside 25 hazard 310. A pluralrty

nﬁf"@é%@ﬂ%lﬂ’éy relpfyigdo Breres gbs:@atunmernbllq&s?éoanﬂoomsid@ hazard 310.
[ L, neral | . .

AR 210 PRI BBt g0 BN o ey pcing

ﬂidtmehmwma}d be kimzlpiitdd 8% @uﬂt@w& K%Gém‘lrrgg)rtr[p@fngl Bsdchdd energy

ﬁ g] Sl ed assenbly 340 nay be slidably
%ﬁ% e e end of energy absorbing assenblies

86 0Eﬁ&§yb%oﬁﬁlﬁ§h§s@ﬁg§r' s&eadﬂ ndn FQURERPAG! 4 :ﬁﬁagy 3BRetimes

maybe di sposed 0 thé end of sl ed assénbly

b$ éftf‘?rfﬂjl torse 8rrhay bwa’f fEaeh exngy dhsorpingeassehbly §6 weafexpmauméudes a

R nd..2), are ef.erably
#8035 OBl 0P Y 55" VTR, oGRS R s e
sprotd ompéagh e;ﬁhékO Bupparting deanabd awd 4 @a@ér}ﬂl}”@whﬁ@d or U-shaped
relatlve %ﬁe end of each 13 energy, absorblng
RESSTNY gﬂ%@g?dt @ogsrBRtanf rarkieurmastinedeand0 e he gisposed

BHIF%&CH %lﬂie‘f |t8 deinoh ;fe)ﬁgfaﬁ? %Ec)far@ﬂﬁ}‘mdosg ‘%@Etﬁ) t 1%1' %Etgg% anorbmg

des with inpact” plate 382 asse

-aservlely| §6n gBenngiting ba;m@[)anawdsc& be deemilyd absbmnblsg The C-shaped

D T L T

ﬂmges' 8y amﬂ 96 hﬁtdnﬁiilg@]ﬁdrﬂgmﬁ moplaralivesi ﬁhﬁhﬁi@)hotb‘@ 98 are preferably
S at ed by tes 106 tearing or ripping

foalgefilﬂp otk gUph 8& 9@8@?@( used & @?ﬁéhtegergm@bsoéweg Glements 100 to

e@%pﬁﬁyo%g%MW 8636 FAE érE‘ Qw3 ﬁr@feﬁ?@(&?&v%agf} i a@ﬁ&r&m of

may sonet i nes be" ref erre to as
engrgyrayorhlzseldmants K¥sdiebiofligen qafraeﬁeinabdalyolc lmﬂhunhpsct alate 382. A

Rl YRR B B R B35 b Ry o

‘lmmﬂrsupﬁbmngbémmeans 90 have a generally C- shaped

j;sha cross section. The C shaped cross section
b erbestivoepishewa i SEHRYS o Ad mﬁéeww P& gy absorbing

| el(%?éhlfh 00 Ry 18 AelH0% %1?%9?%@1)}1&/ &ﬁeﬁgf gﬁ%gy 3@8%11903 ?ssembly 86.

section for energy ab asse ppot
Anmlmr@@ooﬁagergygbsdrhmge&lammdomsna}mw ethched B egrips 96 on the

C—sha d cross Jon of a S ort_ beam 90 e
opfefierli of haRY B5rhios e o, | RSP MY HF mreembbadisposea
beBisn ciephie od bﬂ&F{r Bﬁdbﬁf]ﬁ@@lbméltﬁ"w@ Alifabont 9 r¥PEERE Bips 94 and

hol es 98 are erab
96. A plurality of fasteners 103 extend through holes 98 in grips 94 and 96 and associated

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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formed in both grips 94 and 96 may be used to attach
ener gy absorbing elenents 100 to energy absorbing
assenbly 86. Fasteners 103 preferably all ow easy

repl acenent of energy absorbing elenents 100 after
collision of a notor vehicle with inpact plate 382. A
wi de variety of fasteners md¢ be satisfactorily used
to attach energy absorbing elenents 20 100 with

<BHBRRA Pt HE Ty R S SR S0, Lo
agiliestioatfsr the @esﬁ&ﬂlgtbﬁe@&taﬂé“d?ﬁﬂg b&eﬁbkp InHaiiy &@%uﬁ’lbgleof energy
absor bi ng assenbly not her pair of

of .ener
ahsptbingy o S DIGEFAENE AR ﬂn@l@essmyd/@ré inpreagingetie tlength i gfsenergy

R A PR 21 B 0% e BB TR kit an

mersgaded pmountoff kietic gyerghs Gnbrign gbwiifing slemeAQQ 00 dhBCAN bd Rferred
lurality of fasteners

03§58 Ghbesitf B Bt Eapels ahihe e rigaila o i o v

thag%ﬁ&tﬁ& eﬁlﬁgﬁﬁﬁfoﬁy&na beaibbl HeRES TR uggogcmgxﬂﬁ 196 r{lﬁd to select
pl.i cati gons, ener gmbsor bi ng eI enments 100
applapggtp\péqt%} allays épending uReveths inteusted Spplicatipp forahe ﬂ:@nkmg energy

ab’s&rbiﬁﬁ)éss@{?.b sirable to vary the thickness and/or
ér o nergy absorbing el ements extendi ng al ong

t he Foe gt tmbddiment S@wenir BIGUANE &, knfter phfe My YachiR8 Oyair of
b 5 gg enents 100 nay be forped from various
o R BT g et B ot ppedc g reod 18 orespective

-en&tg? absoiiiNg BReRHRI 4. r@ﬁ!ttm-gr lRgo U %dq 9?%&%:&%’0 80 ﬁggcﬁb%gas rip

el ements 100 and therr Tength an ness na
bla&‘ﬁ? i Elep @@b@% iof guitpr PiatesnE)6 antl ezap dd8 befvyen catrionting berams 90 are
bsqr ass In S
solb e oGl Sl BREC 6 BRI P St 06 Prickertipporing

bem(} thi ckness, and/or increasing the |ength of
eI ements 100, will_ allow the

bsor bi
fgiﬁﬁ% H% "2% rBFeggf pdompdig theseuhef Gach gnerey shssabiag siengnt 100

adjbdtaf BASHRCHRTRREr Iﬁﬁte ki bg ebhﬁﬁpg %%yl()’? GREh8Y aﬁ%?fe?ﬁb@gdlsposed

el enents 100 may ‘al so be re toas ripplra
at asepie @g@tr@@nvgmqgiergssatmbrbmgeelgnm h®0.i Rerethtiepibodiment shown

cigﬁ#% at a'lfﬁng %dlﬁéc?t ]?'QOJI @tﬁ E’S d\%“%ﬂ%‘% F‘E)‘? dysdette angle of

appt@Gmately footysicedderess RPRGRS toah@oa%alenéﬂgb%m@ﬁ%eeﬂmeﬁks 100.
he i ntended application for the réesulting energy

The R atign € §€H%18y€ £¢9 180 and A89.cimpludingetheir simmatlpn refative fo

| enng‘)GaﬁErb}lg clthicts 1Pbaie k@é&ﬂéggctfgt?ﬁ d@a%aeg ttaa gﬁsggxggeda?nergy

cutti ng ed ges or ri ppl
abspibingtelammntsLOD toffail bstpesion sseheyeme sayichdbRREROBSR RO biips 94

2ot e a e SR PARRALs of cut tor pl at eﬁeiéé' and
gaEntidy BBIoKIAE SLRORAS 11000 aRe Mer FreB &omponents of an energy
absorbing system incorporatiﬁg 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 may 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

- vazied depending upon the amount of kinetic energy which will be dissipated by energy

absorbing assembly 86.
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i ner
easﬁr? & @oP luradigs ofcrops Bracesy

selected to allow cutter plate 106 to fit between

grips 94 and 96 and adj acent supporting 15 beans 90.
Slots 102 are preferably formed in the end of each

ener gy absorbing elenment 100 adjacent to respective
cutter plate 106. Cutting edges 107 and 109 are

preferably disposed at an agute angle relative to

ener gy absorbing el ements 100. For the enbodi ment

shown in FIGURE 3, cutting edges 107 and 109 nay be

har d&Wsa aamatof sehield callidenwith g eonsfictPnpRopplosd aremphst fence 382,

d
L T ——

g6y eatté:@ﬂ'ata bob. 189sled askaitliypg0 Eh@sﬂo@ﬂuﬂiﬁhﬂj‘( towhrd roadside hazard
absor bj ng elenents 100, is

$Iat|ve to %nerg . o
E, PRSP 3R (BHetRE a5k TrREbodsgeral Hiowher ¥fipg or ripping
ey D ety 1000) i Zblad I G302 BF gk le faTiGURE
Sassoci at ed support beanms 90. 25 Energy absorblng
I .
cbsor b Ry PR AFL? reh “E RN e pRED B mites per

hareséeighicen ﬁﬁle's pér Inueophigher @’ﬂﬂ ot m@akalaiiele éhcﬁ'plehﬁﬁyéﬁnergy
desired tensile strength and

th
ab&P%I%%}gfg? ic?oggaweeﬁlngﬂ GHEIREY 2Biarlito ASIRIENL06. This,
follBWif2d R Epad ifiback Gﬁfgqglaﬂoelg Whdeh ﬂank%@ ofle {1&@9 fabgo%lmg elements

assocl at ed ‘energy abs I ng System ~Speci
1G4 m:lhgms replacement mgpichdgybstanitallyaginkplifies rep@ir aindngaintehimee of

tionship relative to energy
ene@ %ﬁg’ e t%ﬁ?@ 100, may be varied dependi ng upon
t he mmmn inFFIGURBL, en@Bp awrmig SRenblids goearel bty @6bured to

absorblng assenbly 86. 15 \When a notor
?r%/"acggol?@ﬁ%’é’@tb%wmﬂelmnﬁd fence 382,

crbdiRfdes BENGRI 3Repy LY éxgé E8eblidshS r%.gll S 1g'eﬁgrg9rab§c;mﬁ§ system

is generally transmtt to energy a
329dwem aivery rigid ﬁla;necsumtene plsaixesﬂto Gnergsalsbﬂﬂnmmgo is better

o S AT PR R B B B e

offibSEomahe deith Sfighpaciifchéd 88061 thaPRHRE I;%t ERBE @xz at an angle
absorbing el ements 100 by cutter plate I06 as shown,

otheg thag. bwith gpergyabrerbuly asgmblieaBat i vel y | ow speed
o Sy %F%E’ng&&%bﬁgg%ﬁgﬁﬁ;our SO 1, YGRS SR may be

satmimorﬂgl wst:d watl:yasjh@ntrgy eibgdﬁrbmgOéysEﬂBrgyorpaﬁ&ﬁg kitatfings of the
ely adj acently to

Doy ETBY AboPFRIGE Scpepg| 18D '3535 3[P3i O sueiprtinig beams or
chaffRBCI90G M lar' @ ﬁ&\h&@l}y d%&ﬁf)éd &@Bgﬁﬁﬁ HREmERRY QY epergy abﬁ)rblng

absorblng elements 100 w require replacenent
assembbt 8ht Eaerey absonhing ﬂ$5§@bbeb% is shown meithnerdy avie energy absorbing

elements or rip plates 152 disposed on opposite sides thereof. Channels 190 are spaced
from each other to define cutting zone or gap 154 therebetween.

Energy absorbing elements 152 may be aitached 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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ener gy absorbi ng system 320. As shown in FI GURE 2,

ener gy absorbing assenblies 86 are preferably secured
to each other by a plurality of cross braces 314.
Cooperation between inpact fence 382, 15 cross braces
314 and energy absorbing assenblies 86 results in

ener gy absorbing system 3201Khaving a very rigid frane
structure. As a result, energy absorbing system 320 is

- petter able .to sa elg bsorb i npact_ from a nptor, )
adleY st Onerpaquirepeniios af %‘Fgﬁ’cgte"P@’c@S@QE'géﬂWF@Fs 13¢fWikhs fupporting

behh@ 10 BRILRY f)ﬁ)rwd‘ﬁ{gt AP é’ilfagﬁp %ﬁcﬁ&rﬁg jhahss BF&}I&&S\A Sl%pﬁorting

i npact fence 382 at an a er an paralle
beane 1 99 tedysomiyiodaje desesvolaiadiscuger pia® (Brehgyn)absor bi ng

ass j 186 and .486.as shagwn .in FI GURES 6 and.7 na

o TIGLRETT i) Ppoet el ERynE sisviipE e B ine Bbermbty
436ysBeiie dMiter giderhicd bdreesN ety AbsdbRig HEQSARE 86 and energy

i nvention. Energy absorhing assenbly 186 includes a
abgorbing ssalip So6i Helube XARatans igntha denath pod thickagsaofithe energy

QUsh Chi

N Byt SRR C gDl SRR ety J8ba S by 4t
Engrgy siheahingi assemdiy $86 moy ba domyedalsigy swpportias bedmn@haspeviously

i:p_pl 152 di d ite sides th f.
aeiifirfufh aitsy Er BB e BHRER ot her 10 def f ne
cut Fongne gipticiongaPppditilg bane be LR aArc1EIChLHY% eélb&féfd?éli Rfgth of

el enent. s [

2 may be attached to supporting beanms 190
apraermcly glaven dedt yidice B raidthent prprpXiTIatal %ge prghes and3 flange

L

4045 HOGIY18n4 F BIRES 8@ maitiipld dp-Bersnidy and 408 e prefedblyattached to C-

at t.a n bsorbi ng.elepents 152 with s ortin
oot B8 POy o R B Gy EoLO D ok Rk dho same
nurdbe? a8 \toRBgabicCiRselog aBbBRE!dI8HRE B 469 106UsH VABous lengths
ot her types of fasteners such as Huck bolts, rivets,

andpthickeessien greosechted oy onpesitel sides @ E5theosels e For one application,

| [ bi | .
em e e B A0 R . A T2 e T amioec
mildpfrebplateat Shy nainbercbfcnbigyrisabing dléderhs tideickness and location

upparting. beans 190 to ac ate the _associated. .
on Pt %&Fﬂ?ﬂ & TR P05Y mwwﬁ% 73ysbe pelesigsl tryprgvide desired

decSleRETOR ichSrableAW B Sor SABYRI G- &NRHTYp AR LRI IRE a55P iglPs
486. Soneaof tﬁe éifferen%es bet'ween éﬁé@&? a s§$%¥ﬁ%§qmai

andjew sperdiiewags and energy absorbing assenbly 486
in Lat hans_in the. | h and thickness .of th
enarngees Y56 o ARay B epideT Rt Pherid it pmentS 310 and
4123@chotk dideOoLaRE@YabslbRIp s tgnta$ A8 e 68 he tedBAROVenefits of the

absorbi ng assenbly 486 may be formed using sugpo[tln
pregspt BV egion, gchdsy s ity tgewmy i the dupben sizssandclocation of energy

absGBRIRIYICARTE R BRhARREIPLY Bbroy 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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10 For one application, supporting beans or C-channels
90 have an overall length of approxinmately el even

feet with a web width of approximately five inches and
a flange height of approxinmately two inches. Miltiple
energy absorbing elenments or rip plates 402, 404,

406, 408, 410 and 412 and mil’ti pl e spacers 416 and 418
are preferably attached to C— channels 90 by threaded

f ast ener s he exa in Fl sa

o R e dralicaiivy, GUTER FEATHTE Srars ACh 8 At i b 2P Recably
sEueie Rith 9 Zespdiide sdffforelg Y@nsOUS bl AREHNS1at@B§ short mechanical

t hi cknesses are secured on opposite sides of.

fstenpmfitie| dloy therlsncth 9€ capisy idbaerbive, cleraenss 402 amd dpbimplatively
406 4
gr om ga \?ﬁ.i%lg?z egﬁ)étheﬁ %gs%y Q{ée)rbﬁ-g Imﬁ% g&aﬁc}}%{o arId%HSi‘ﬁg a part

of mgrr gy alasosinhisagniely dB@N The ut;ehef feldtlhbl@'l@heﬁimﬁhﬁhmal fasteners 422

tio on the e rior. of en bsor bi n .
@ iy i pisOn bveRhing elsipernty SomEdbaclpre sy sbsorbing
aSemBlyengs kP Be ﬁn&kt}eieﬁﬁﬂrﬁ hitB rétfney 36 | 's@Hﬁ"ceShE&Sa ?él&hvely minor
types_ of vehicles during both high speed and

impash o Mashviaak fastsp%re é‘% prefgrakhexdasl fiem dve spieoxf.u @exgg absorbing
as??%fé@e%f(ietg %egé’th&b %g?raagggrﬁgsgya% %&gﬁ{? gﬁﬁe 4%%30? &P tfastenf:rs

energy a sor b|
422ﬂmwﬂﬁmﬂmyhﬂuﬂwbﬁHmﬁxhhﬁmwhnﬂydamnbayention i ncl udes

encr By einRia Aot GHbA0S. 416 i 101584 % pape Gndregipratin

CIRPRATREAD wARE SRRy %etﬁll&reQVﬂog%p&ff d rv@%cied%i%hﬁrﬂd Sfkeds. For

characteristics.” Slot 102 Is prefera nmed I n
e@n?éﬂfg;duang eprpxignatale thenfisst fe2 feghdf trevel, oifme disatiefeq cutter plate

Ce%%}gé/t gns&%% f‘Jisrsgerl n& t Tgag nsﬁa[g?% Ip? %%)lgllgniggi%s%ngb teleration

b

to rFEcelve As58C!
apppiriatea forom ,Vemblet W&l@ﬂngmpphﬁnﬁﬁéﬁew(ﬁ lcﬂﬁ@:aﬁah €re provided. The
centerlin ﬂg of ene blng el enents 402 and 404
e B ePt AU RIS GRPRERY SRS AbsoTRREqMesmiy] #56 provides

. stéﬂﬁﬂge%&élﬁﬁaﬁ' i \}Jg;ﬁ)p?iafea@druﬁrgf& @g%{)e?é\b(r?%gﬁgyw&n%%efy 2,000

inch in wd | engt h "of
kilogesvess . Vanﬁtlorrsan thronéationpptd, cenfigmation ané mgmbedsfombigy gibsorbing

pETE LT A RO Ty R AR B SR aPRE e el o6 0

provioe tsafie cbesrstin of aghier wéigBingAb&iweed 820! RBIMgrEmOfand 2,000
.energy absorbing el enents 402 and 404 is relatively

kilog@M: i n conpari son with other energy absor bing

bsor b s BT Sl A g O TR HPTBURE & nl len SARN to reduce

theringtied nzlffca‘ls of asmqma‘rlzemaﬁ a moding etlditle wall yie ehegty ahmlmgg system
aamns a | 404 al | ner om

paf SR gD o e L civantoPeri Aot ghe wnerey

redififedi 16 Qnidihie @Ippehg! & t@ér[ﬂge&ﬂ/en%igﬂf%sorbmg element 200 on initial impact

particularly with respect to a lightweight vehicle. Oval 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 length of
approximately six inches. Slot 202 may be used to receive cuiter plate 206 during
installation and align cutter plate 206 with energy absorbing elements 200. A plurality of
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i npact. Mechani cal fasteners 424, preferably extend
fromone side of energy absorbing assenbly 486 to the
ot her- side of energy absorbing assenbly 486.

Mechani cal fasteners 10 422 and 424 may be bolts or
Hucks as previously described. Energy absorbing

el ements 402, 404, 406, 408,110 and 412 provide

decel eration characteristics which may be tail ored
For exa

b S LSl et u e Rt o af cpBortorting
cRmeasX0 &k finathg Gbnk Slot TORRor ohb bPHERH G SV EIALEH RIVEY length of
asse,rrbléi486, two stages of stopping force or

alaéfe}élp’é?_e W%OW r§) diches ard 2 wi hi oflappresingtélmghree quarters
CAPHf AXinBRt qih¥ d%f&lg? bR R &'E’IFBI @&quqf%g%&?ﬁgoﬁglr sdg,ts 204 may be

r'emai ning trave a cutter plate t
appseombichythassiontdsy Hetnpnberi desal sbpiidnghd Be GBmbkatns of oval

' propriate for |arger vehicles weighin .
Slg%pzr% PiRerer§res ‘%‘@Gmﬁﬁg MBRf Hignde éPPI&FEBIPFsPOF [ntageociated energy
ablsombitlg £BemblyZ €F f AfUEAdnO

S oy s YL RS Bl v n

absorbing el enents 2, 404,

Overg pkfogty-Taus 42 binehys 484 a ity ofl 88 and 86 Iwd D4 inches.

ot atesleo il ag! B hERRL AN B R oRRERD diposed
imehegiiptely  adfa0enily ®hospedtive febBiRila® 1085 beeningogk fdvefitienpth of
effects of an inpact between a

o5, i G 90 SRR BTG (@9t redes the time

- anPaddst 68 kréiuniingMah %E@&&&Pten&gylajb%ﬁé@ %t?s{erﬁ’ 01l S%: following a
25T €q 0

Oval slots 204 reduce the eRergy urred t

-colligjomibytadighitsgikigyebicle aar dlowy spekd eekicigywithdat disergbly 340, if repair

e ST o0, K0Sy B0 WP e v

anpuoiEEatigy Wit thay @alhbe Ricsarytio r@l&@t@&?y%&%fbmgieﬁﬂ&é%o and

nofg- {ﬁ%t'al.i act aor, joJt experience ! _
Eﬁ PHIE onsren Fgorhing elemanis gitaghed te pr assagisterisngteg 4tsorbing
assefblysg®e applications, center line slot 202 at first

end 201 of energy absorbing 30 elenent 200 nmay have a

wi dVArQs Eppy ok mrehenical thstewrguay ther satilsfacaag%); medi wgfhle’asably
R O U I

assacialed lsigporiCbidngr 9| Foe s36 an)Iﬁdﬁti&ELe R9%nARSATR &%ong bolts and
00. A plurality of 18 elongated, oval sfots

e nt .
Sh%%qgr@%gw@f%t%rﬂy#%dw gy appdicatéamsethel erhanifal fasteners
i t.ending from.slot 202
ma F 86 bR RSP, ot S5EGMed il XS0 AT TPl et s and

othemfsstonarsratay|be wtisfaciodlyoused Iwaflf thé Présent intahos. Eg@mdles of such
of an

s e AR T S VLSS UL S (L 13) Ot
Coftnh S454 e o SR R R LA, Lo o i
avagdable from Huck International and other vendors.

Energy absorbing system 20 as shown in FIGURES 9A, 9B and 10 may be
installed adjacent to one end of roadside hazard 310 facing oncoming traffic. Portions of
energy absorbing system 20 are also shown in FIGURES 11-18. Energy absorbing
systen 20a is also shown in FIGURE 9C. Energy absorbing systems 20 and 20a may be
formed from substantjally the same components. Energy absorbing systems 20 and 20a

may sometimes be described as nongating, redirective crash cushions.




slots 204 may be varied dependi ng upon intended
applications for an associ ated energy absorbing
assenbly. For one application, energy absorbing

el ement 200 may have an overall length of forty-five
(45) inches and a width of four and one half (4'/)

i nches. For some applicationd, energy absorbing

el enent 200 is preferably disposed 10 imediately.

adj a {,0. I.e jve cutte late 106, Limtin ..
t hJe gver SFPAES gﬁ%ﬁ%gédc @%%Flav S&B@B}gb‘?nﬁlﬁy ealbé?fé’ﬁ‘lg Sy %‘“t%g In 1ts
figad ypbsiﬁblzrmeﬂnﬁinzgdbhgiﬂlfdiIMHy(ﬁ%'ﬁd 1‘daﬁt§ihﬁ$1aiaﬁﬂ Be@s k?lél?%sfsélﬂﬁy 40 is
cost of returning an assoqci ated ener absor bin
5@@%&?&"&%@@%@# B vEsery dsoeua sygter@p? ySlgd as_semb?y 40 may
sdmfﬂﬂﬁe\é’%bg%rré’@%@f £&la8 “Bhpft iscllgcf?wﬁﬁ?%fb Mely eﬁkl%g}%gg&glik g?stem 20

.assenbly 340, repair deened appropri
mgludpig| first enl dhiodisladi absenahly réofaceseormbmongbiraffica Second end 22 of

oBAEUAAT  ESEE Ay B Eg

3 ofaciag bnafmin§ eraffich Enefiyeibeytbiab $9dtkth 20 i€ b&IERM Snstalled in its first

attached.to associ ated energy absorbin assenbly
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gsatisfactorily used to releasably attach energy
absorbi ng el ements 100, 200, and/or 402, 404, 406,
408 A plrgalgn @f pacel wipport Renmess6lacilat azel sysacp dorgitadianty 86m each

For plications, comhi nati on of ng_bolts and
ot 8?‘? gb%gﬂfjﬁgfﬂ%?ﬁe%%e?@%% @‘ftaeeggﬂ i3PG SEReR ?ﬂf;:g%-g%méwpporf frames
60a50b imt bandimdshige fereRaNtcCa At 888hBLedY TRE nRlb&dof panel
t hrqrhggrgd rivets and associated nuts. A wide variety of
SUBIg PBE% be paedsdepprriing unsr the desived dengtimef/arhessociated energy

al iing i 1 .s a- i | &
b%’?g]hﬁ lsﬁl&&ﬁ. N REghns k0 LhE, B &%%ﬂéq gg%ﬁg&‘%sgﬁ%bﬂu@ and panel

ri
es of suc ast eners “are avai

sup rapags (Oadi0e. Parcls 1600nay @thetitned bd kaderaad tolds Vonders'25r "“fender

s fornia 92718-2585. Power tools satisfactory for
P Imstalling such blind rivets are also available from
Huc KVHot £ ketdéle ARpbetd REHORE bnd’ 81 A8 Bero UL GRS RIR
Systen 20. as sm_ in Fl GURES OA ‘9Ber§§d 10 h“%?ﬁﬁsm 28, sled
aseRObA) adll gapvec longitydinadiyctoward whdsideabisiarte 3hAwz dirdr/ Ghsorbing

, i:0g ] IG.: Rordd of r bsor bi n

2 O Ll in PG TRE S/ it SHESAL sB5050 e srom

thedmpantipigrvghisls dayisp ¢his 20aemhant.aPar] Sippvi ﬁiafth 60366 Qfda associated
m e rne

R S AR Bt e o iien s pameinechrotane gy TIGURE OB is
schefafd pllail §iew)FhieHBhA Adifassdiibly 48 %nd patet étﬁ:‘f)ﬁrt es 603-? e and

descri bed as nongating, redirective crash cushions.

- thepr gsyeiateth precls 168 HeoMapsed agjasentlyi bwvesdhovibey efetigy longitudinal

[ N tts. first i.t.ion, extendin
moftfh B SNRLBI 40 e dehanitd Ehra1'in Breseis BR i sypport
framd€s 60m-608l | dably di sposed at first end 21 of energy

ab;grbin S %te 20, Sled assenbly 40 may
or p ses ol explanation, the position of encrgy 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 shown in FIGURE 9A
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 striking either -
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sonetinmes be referred to as an "inpact sled." First

end 21 of energy absorbing system 20 5 including first

end 41 of sled assenbly 40 faces oncoming traffic.

Second end 22 of energy absorbing system 20 is

preferably securely attached to the end of roadside

hazard 310 faci ng oncom ngopraffic. Energy absorbing
system 20 is generally installed in its first

position with first end 21 longitudinally spaced from
Sﬂi%%fo%%'rﬁﬁrsqlzmaﬂ@mm bagk PREUREzss@gted ®adway. uRasHettyve panels

f 60a- 6 d . .
e SAPREA e 8P SR8 08RG ARG prop et
pabels 6@ nitidies to pael Aippandrancotdl Brdlcotzspdidify mesp Adnels 160

nmetines be referred to as

frames 60a- 60e S
stncil e SRR BEine SHRPrRTANRY CBlPbaIEIR cathgpending portion of
pah8l3 156 aled® AU IBELACREALE08 VRN LBGpARSH GdobB9bhrbing

of an associ ated energy absor bi ng systgm 1 pli
sypemelgroade mbptabiéel daterat hggottdogiaed sapmetbinesd60aa60% and panels

anel 15 support franmes 60a-60e. Panels 160 may

soneti nes be referred to as "fenders” or "fender

pan&irst cnd\We of eacki @lanal 160 ispradrablybdelirelyl dt@th@iNg skl 2¢embly 40

sled assenbly 40 w | :

ene absor bin stem 20, y
or é%@ﬁﬁifﬁe}ﬁ ‘Wgﬁ% af BMTPRN#te.a §atharanplalf4risl alga preferalely glidably

' ' h in
BRSO 288 AN gk ARG Al s 10

ovériapatominrgiressinavtie 1600 kd alipw ltﬂ?cnping nlléﬁésﬁng’aﬂﬁﬁllsFédﬁlﬁB%ﬁels 160
s _60a-60e, . and. associ at ane 60 W al so

as bRl SbolR Bo PP RNITOR N Bt nelb e Nybrets ahpaprtpupgont frames

604=603intd FRcks 968 mBhELBUp&d RlodieNioSmi dil@-‘tﬁ?%‘f@uf!}xeg two-bay

b
assenbly 40 and pane%%support frames 60a- 60 "an
E0MRei r associ ated panels 160 col | apsed adj acently to

eac i - | ongi ' mwvenent of sl .
 packoitBtes SthARHoL MM o BICTRI AR poRolI3Y i ghown
in lﬁlﬁilam& t&l,ppmd B?h}ﬁéieﬁﬁrﬁm mlﬁ&?ﬁsmstmﬁe rlak;:aunjg ases dﬂffa]i'lap with the

ex 1 Qn, e 1 on .0 energy apsorplng system .
assimted Wopncliam pane] o0y A REySSO0 Ik dppTsialall pnplRl60 wil

et tP REkt cRESlytvitNeachWihdGo WiaimYE b L3
prewi t_hpen,d c21 gf en_zafg _absgr bi ngﬁgy%fgﬁrgg?bjgrg%{)&ssemnd end
162 whighmright spagp |VPh191@r%mag |ayreverss engiminypaat wish eitber side ofenergy

absg,ibﬁ{gaug.gt@m tween the first position as shown in FI GURE
9A 30 and the second position as shown in FlI GURE 9B.

PartdiGUBUDRRO it a fdhametic A vide shcaﬁiﬁ% éﬁ@%ﬁﬂ)sﬁﬂﬁ@é SystedP20a in its
ner gy .absorbing system 20

d.oth .of ) ,
R T TR .
systsfol 20d HEIAES BN 48 21Sf8Re0dn %ﬂﬁﬁggﬁaﬂasag{dbée@&uf 14124 gT égurely

back onto an associ at ed oac?vvay. especti ve pan
attached to roadside hazard 310. Energy absorbing system 20a also includes sled

L=

assembly 40, panel support frames 60a-60g and respective panels 160.

Panels 160 extending aI;Jng 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 respective 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. i

The length of panels 160 designated as "two-bay panels” is selected to span the

_ distanc¢ between three-panel support frames when energy absorbing systems 20 and 20a
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160 are attached to sled assenbly 40 and preferably
extend over a portion of respective panels 160
attached to panel support frane 60a. In a
correspondi ng manner, panels 160 attached to pane
support frame 60a preferably extend over a
correspondi ng portion of 5 pgdnels 160 attached to
panel support frame 60b. Various conponents of energy

o o i i PRl R BRI a0l |BOAL BOES HAPRIALAFQIs prferaly

sebffily FtdcBdd BNhskbdm %ﬁntﬁ%ﬁﬁ)orpﬁﬁ% ééﬁoSé&nﬁre‘%ﬁ Q%Qtl:’ﬂfhe two-bay
securely attached t0 sled ‘assenbly 4 panel

pangh et is Profently 6@@@0&3&96@@@@@5&@@&%9@&@6 $60. Another
pzln%l gjpg it 1 él?nr gg?nps:o%lﬁﬁfly %81? F%dr \{v&g ngné%}: 1%81%13 6180 %ﬂ%medmte fust end

Ifsndxﬁlmqndr&ﬁdisﬁ?lGO overl ap down stream panel s 160 to
allom1tele nesting of spective panels 160
as pamet sig fr% ' A s penel tepror e b%wéhaeh Wa¥ Ao turn contact

p&%f‘ﬁ{pp.orgﬂﬁﬁgtﬁgb ohd RRRBbC, %Hp RRE % anel Q@g&t 5075 8L 6@%9[@ attached

may be groupéd toge forma one-
P@Pbukﬁf)(we aw@almﬂgé;towgndomdmd@ higrd QW pdﬂﬁ'{sm@ﬁla of panel support

s " R e d o8 ko BB ) bR B . sopcting

vehithst Hnhd paineﬂknﬁipaﬁcﬂﬁadxeabﬁﬁ %hé-ya}ﬂgrohﬁ% m,ethé @ﬁe—%)t' Broupevill be
assqci at ed downstream panel 160. As discussed later. in

coppled tgdt QR aS‘fS’SﬁéquPaPG 301 and, therefase. illhaye selaityely bigh mertia.
T fbnGREDe dx%ﬁ&? bf \%\ﬁ ZEhRY al @Sl %Pgﬁgﬁfﬁegééﬁja{ﬁ‘tdlsposed

- second en ht snag a ve
dovanseease frangbwhlqmdtav gmmh dVhcnedledsassemboify 4her gpe d@0nore panel

abs bi n ste 0. .F S tic plan
Pt eh SR TuRRGYY b By 0, SeesBE IR pind siifhoptfpmme of
a Pashdy @oup @exg EpicD g aﬂgwm%mm thy it @4y’ B8 daher slightly more
hazard 310. Energy absorbing system 20a incl udes

than qbg?a“m %101“5%" mgelsAeBrha glet’fka&rffauoeeﬁﬁm SEWP 0 P WENEF, 2hen the
é@l ng ystem gOa a o) mgl%g@é?tré?é%mgSg%Eélgr%ﬁme 60¢) is

conﬁpteé,ah@ecmqomwbl s@pmﬁ&nﬁ(ﬁ)—lﬁﬁg lawl incrEpbedaiisesit p;améjr slidably

B MR NN AR T

the ma;@? aﬁﬂﬂlﬁmg léi/ﬁ&lh@@a hEPYIRVBllowinB @rdupe G iba DaANEDD where
var ependi ng on whet her t'he respective

160
"2 pErsans twg bays mﬁb"lb‘ayeq@a 98g bayr Baginning ab@lyd @aﬂﬁ@lbl)" 40 pegt moving
towg&fi?gﬁg@e gl%%ﬂ?& @h@%%f%bg%&ﬁ%%ﬁaﬂnszﬂ §a§ g%@m %% oqlp (counting

pan SUppo

sleﬂra:‘slmﬁ}ly Aoeas| £bay fin abd pariekl), Hi@thdlea’ifcgbﬂjf @cbups a one-bay group,
ed to span the distance

ay I s sel ect
fdi:f@'t"?ﬂé’é( tf"%at@@%%i’élndéﬂ 'E‘S‘?'iworli’aé(r% "Pahen ener gy
abs ofshh&on S FI@U’RE_ZE), AB8E &R2r 83 may be attached to sled assembly 40 at

first end 21 of energy absorbing system 20. Nose cover §3 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 wvisible to oncoming traffic

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

also be mounted on sled assembly 40 and along each side of energy absorbing system 20.
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21 are in their first position. For exanple, first

end 161 of a two-bay panel 160 is preferably securely
attached to upstream panel support frane 60a. Second

end 162 of the two-bay panel 160 is preferably

slidably attached to downstream panel support frane

60c. Anot her panel support 26ranme 60b is slidably

coupl ed with two-bay panels 160 intermediate first end

51 and econd end 162. Wen sled assenbly 40 hits
paneteE&h FEFer f“lga%t%azo\/\mféﬁahlﬁquchldﬁﬁrﬁl‘éﬁhlﬁa@ltergy absorbing

as@éizﬁigrs tslﬂfgfgfrggseﬁ rét% ggsgggﬁraeﬁtg @89 3 ‘%I gIdl[@gE pl%z %Ixtendmg

y éomgitadinaliyiom roolaifs mmm ammﬂ eatauetwm datlebthen Wdr some
el.s 160

0 60a- 60, nd attached
o 0on S R BEtcb 148 BT B B aniPr o e et FiRgroReg Ssermblis
186e hEmlrgy albs‘oﬂilhg afyambly B36PROLY {$RMRy e s?a&ﬂela*é?a\ﬂy%diﬂ Runergy
8%& one- bay 8roup will be coupled to its own
ﬁ%@?%@@ﬁt PLsingovd@oand, therefore, will have

| a i
|r rerpg‘g%' Iyﬁxgé’ Vfé}ihllﬁ:g 6d§e£ﬁet§;)abga—r9n%ro%%egﬂ?1%§gr§$e ﬁtr ? bg% u?ély Aached

to @plsftmts dounddtiom $08 éna froht offimoadside bavardaY0. gEmlprovWiE%t and 189 of
npl f
e gf R B s oS L8 Ao PortivE st 40t J87ihich @presponds

gepamgt witH € felnd 221 %ﬂ'@n@%y sl BysRAY 207 PHR dnl-49- of sRANEEembly
ort frapne 60d e inertia is the sane or

4051F |affﬂtﬂl‘9feﬁthedlsmsaiw adipeeshtps Brspfend A87 (of meey 19%med $89L60Yr to a
vehiPR inh&%ti @ of a one-bay group. However, when the
second panel support frame of the two- bay group (e.qg.,

pan&ampasgrontily 530 suay W@O@pvidsd acant 2icbe élergshﬁ:gﬁﬂﬁﬁg’l@stem 20 to
| a because It

e B S 0P BB st b P ecA b i

end 687 off RerL18Y @ad P@eif%ﬁ 2 QRnibdy 5Q5E oti8 GeGhat2hicle or
Energy absorbln system 20a has the follow ng groups

velggle pxifh - loy. groung clearagse rpay ‘contagte gitlert o«obb&yﬁmr@ds 187 and

b n SS
exﬂrgglw ng Brgv\ge?ré {rigg% g]eg}lt’gttzarat?% %ﬂf‘,ge gﬂ%y’é}%{g GPp{op Jrinry to
oamy&ﬁeunﬁ@adhds a two-bay group (counting sled
a bay i itsel f), another

aS S$ g}.}/ gtfygﬁsg of TAmNS Ang g;ﬁ L ?qgg{c,turesf BRy &MOW@@ te iR hat a
Velﬂﬂ@ Uhpafids RO LI %E‘ eﬁéﬁ@y BB AL Y0 w ﬁ)r@ﬁ:rlngﬂgﬁbé érr]i%tf 3 y 40

, hose cover 83 be attache
aﬂda’t“)t digeptdy C@WéCtZﬁﬁfo@ﬂ A&7 pf ratys diBBiang Pst Ramp &ssehtbk;e 30 may

incfiy 8 pat 3 B 22, H R RS v P I e e S Bt e surtoce

36 mmmemﬁenﬁtambaas 3@ ex®Ad 'fﬁ)%ﬂ%:@@éﬂ'h@)p@ﬁﬁcﬁdlﬁ Qapelet @8rface
6. b end 41 of sl ed assenmbly 40. Nose cover
3 PRCIES 98 allgw) ¢aga sammp R tp e sequrghy @tgemdothh respective energy

abs&@idorh%%ﬂﬂil% whi ch are visible to oncoming traffic
approachi ng roadsi de hazard 310. Various types of

r effios sewe spplivdfians, log 34 inmy Imive adeighyof 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 generally
corresponding height. Limiting the height of ramps 32 and energy absorbmg assemblies
186 will allow such components to pass under a vehicle impacting with end 41 of sled

assembly 40,
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al so be mounted on sled assenbly 40 and al ong each

si de of energy absorbing system 20. 22 Energy
absorbi ng system 20 preferably includes nultiple

ener gy absorbing assenblies 186 aligned in respective
rows 188 and 189 (See FI GURE 18) extending generally
| ongi tudinally from roadsi dezhazard 310 and paralle
with each other. For some applications, each YOMI188

d 189 t t bs
oS HgPrIEs g J6meY Gyveat et R RICOBIG) TR A ogpe-halt
i@ 8s. MabapPRISRAGEL j@'ﬁ%&%e' Yorfnk@ r’ﬂyeﬂﬁfugé’ a2 ARSQFR BBl angle (not

assenbly 186 1 n row 18 For song applications, energy
wgﬁlbshigvraé@emﬁ Inomslaldlmnﬂaxys @Eathwamt@s yy srequiohe by epe-half

,Igc%on&ﬁcg %%gvg ?‘gn %gbate ¥ ea?n% yr lr'l"glg sec%ons gf structural

stesls afiflk i sy ]a%athalsedatd espetive iegd BnSﬁSII%n d/elkﬁig Wtheifues and/or
corre%? nds 10 _generally wth fII‘St end 21 of energy
%ﬁf@?@t Bainp 32 may aleo beyepfanieddp ag '@ shessenbl y 40

|s alpgP sphet 1g;miaagd [3RGsEHa Al 366 Bha/op ehdr W%gg?&ﬂ%;%gistem 20

rows 188 prior to a vehicle I
naisrslm@ts}gnss@ omii;ad laghcdve deditatlc eombréle oofasphalirigyndation. For the

%Eﬂ‘?%}%lg eﬁg@%hﬂdg@e gnt 3 #‘?ng\égtal?c}q? %(Zf Pl';t);ferably extends

-bbtﬁnaﬁgmfdglailFr ragll latdrallg ROmlD4ddde haned 388 ABEhd®BP in FIGURES 13

assenbly 30 is not grOV|ded a small_vehicle or

epcseARNThiRgsErraRlive 186 ammarferblbdisnose e endotopely attached
td)£ Ef Erﬁgstlgg]%ﬁ ﬂ%ﬁ cff3 1e Q Q&;ﬁreﬁ%ﬁ @51?0 undation 308
%e eration st an getot tie

uangit@peauvp wnyhdr dolto26.u r&fanbss type& h’éméianmhlefasm anib anchors in

es, of her ructures, may be provided.to
AT 10 sl Bots 38 e Stk o Brthrd SroBy pE ! dmorete
f@haaidal 3GB. 2@ hwighinbBf 8P 6lokiic®RHAIR: TlRHerasSaiAbY w:0d with each
and. not dlrectly contact first ends 187 of rows 188

crapiie peRy, bepyamisd asdesived {pr sheagrey ishsoreias systemai r of r anps

?gper surfaczg'zbsg% &{ﬁ%?ﬁﬁg& ere?‘réu% hﬁm algal?:)gdth of

theoetinclts fand ambminaBhidpexs of dee fial Dinch.afhe Bdgihwf feardﬁcros’sﬁe 24 may

O I R O X T —

24 &PacchfinodNTRnGRP bbEAld. Mfring £eh3de Uﬁlimbﬁ%‘i‘ﬂl%ltﬁ&' & of energy
of approximately six and one-half inches. Qhe

abseibingneystem 20s sordice d4vire plasad g yiensiswor Bhe gnaé,quabemeﬂoto form
ol 95 R ARSI ST A B %4 o ot

inqespoasy tntbnsign fiehghich sidenirpacty ahd o Absoghtnedfy franpibe Idpacting
ve%ﬂﬂe ener gy absorbi ng assenblies

Energy absorbing assemblies 186 are similar to previously described energy
absorbing assemblies 86. Fbr example, see FIGURES 6 and 13. For purposes of
describing embodiments shown in FIGURES 9A-18, supporiing beams 190 immediately
adjacent to crossties 24 are designated 190a. The respective supporting beams 190
disposed immedjately there above are designated 190b. Supporting beams 1902 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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30 186 will allow such conponents to pass under a

vehicle inpacting with end 41 of sled assenbly 40. 23
Tapered surfaces 36 may have a | ength of approximtely
thirteen and one-half inches. Tapered surfaces 36 nay

be formed by cutting a structural steel angle (not
expressly shown) havi ng nomi#al di mensions of three

i nches by three inches by one-half inch thick into

19E&1d BBS X p i e s.and _angles. The .
sect | ?Ei %% Bg?srﬂgt{h%%gb&gﬁ% F esggﬁegncgr B Seqi/&b@seﬁfli‘ §HReng beam

1308 exenprovrinieoh egppe@ibe usisstips @el di ng t echni ques and/ or
al sqQ be referred to

nmec ical, fasteners, Ranps 32 y )
no D rbse & sropgies %ﬁﬁa_r@ﬁﬁﬁq Y SYpROTIRD hersy H0aTRRabajvaried
deBaiignape tlerfeficdRR UMb gestivinh &k ab%)ﬂin?esﬁ&'eﬁp%‘?denergy
on_and attached to a suitable concréte or asphalt
abpeshingaysien. 20-Gyo supportiagihoanniife ase onaed htdFAIBURES cd¢h other and
1 c ndatjon .3 ref.ergbly. exten 10 .

BT, SR ey PN PP RoRiaR nbiaes Y om Hscbanical
faga®rs Mt sixprassiy shbWEURES 88 usanth h8a@n ei@brialSBaisnm0a with
8388 lies 186 are preferably di sposed on and securely

ats?g ed to a plurality of crossties 24. Each

Cr 0SplufalidfofN@ér BLab3 S Cderh itL Pﬁ?é}@ &J?@f&%‘l&da%éh%ﬁ ft(;3 pe§p ective

usi ng respective anchor "bolts 26. Various types 0
SupRoEtHigPeerts ¥9%62af dP8b asig amchaotis ifasterard] 98acmdt198b. For some

Wt e safisf rily used to secure

DERERN, B8 SRy (bR eC Bonbel ot el B spSantadly T same
configubationodndcdinsatibes - Pod difite ApPEGELNY kud & Wi $EFIGURE 18

W th each l%r osstie may be varied as desired for each
encé%%?%*fz’rbiﬁ% BeA lé?@t > E265513de 4 52 anh {5 Heviftovarsag lengths,

1dthe) AhSthidkbssedin ' ' Qi Nak: wi gt h of
v-wt hree inches anS§E€E%Jer%§$r’1g(?r&tsﬁg@?n%g%%b"%%g;ﬁe lg%l\?%lt'nch.

TheAlsiigethswde walstor guisksichms 208 mag 20D arappri@blyathyd to and

- inches,.. Three holes ar referably forned .

extplE ket o (O8Rue TPk amofiibe BcigHe Besion, mid
r2ilDan8 and A0% atiyHecfonntd frehuduta sRbf HesHa981p Qb St widih

ﬁbs r bi ng sys:]tgrm 20, crossties 24 are pl aceg |%1
such gy, Brgincheydy thiyes inches ande thidkgessrfrapproraaltlyone-alf afign inch.
Fortofgdh & Q62 ' : | ected to,allow .
,Or.cr 0s s]t)Ll_ﬁﬁ}si 24° %g‘g%&e?%{re%%l{%ﬁéeg%a nbg eu%? (!(l)‘ féengrie%eﬁ't FYERHon 1s not
Lmidercty syidgaailagramids heans 208 alk209b ener gy from t he

ar RO e 28F o i yelled PR Dk o) e as ooiglorsec
caclastherat kgmoBiatdtph xtab&ee 8886 ﬂﬁﬁ%\/&% ﬁ}g)ﬁ’k& &‘E%EPI{BSSIY

h % oses of _describing enbodinents’s
sho Preferpsbofornad) alsagthe leagh ofwenindtled 912 tdilhweattaching guide

railCIOP 8ld 869 | ed The r.espectiyve
support ng%gtgg{lntgchgﬁgﬁlgpﬁéners }%afo respective Supporting beams 190b.
Mechanical fasteners 198b are preferably longer than mechanical fasteners 198a 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-60¢ are disposed immediately adj acently to each other which prevents

further movement of sled assembly 40. Therefore, it is not necessary for rows 188 and
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di sposed i medi ately there above are designated 190b.
Supporting beans 190a and 190b 30 have substantially
i dentical dinmensions and configurations (See FI GURE
13) including respective web 192 with grips or
flanges 194 and 196 extending therefrom Four
crossties 24 may be attachesl to web 192 of supporting
beans 190a opposite fromrespective flanges 24 194
and 196. As a result, the %enerally C-shaped cr.gss.
189enftepgigy cfoserhing aseppdics (LA thbais the soae h%fs%gwﬂs 208 and
romrespective crossties 24. The nunber of crossties
4 attached to each supporting beam 190a nay be vari ed
dep&idi mgemblyri ney hmtecthel gehcug econfigirhigor eSarl ¢pengided box. See

ahsor bi ng .syst.e For .ener a r.bi n .
PR 558 ot Y Prigmm Bty 4 BB chfguation are
préfeiaBlydlelerich i@ ANGRASRA adsBRbIyaMdo bk heskttgef iapact by a high speed

crossties 24. Conventional wel ding techniques,. and/or

vehiskhaRirelatnd $hof slrdragsouply 48 xqorresrongs gresrmly Wil fget end 21 of

sorbing el enents
asgenidhe4MbEyd 47 bAslhé dsseroblyelpe dispased opfossta fiwor ¢ridvil . Dawindy may

sl ol 12 i ABHPIFEAT BHL oL REP B Brargoly 40 also

indhREBIAEs 48 2ndBY WIRMExdHAYANeh 3hlly41 A1 $AMAs shown in FIGURES
configuration and di nensi ons. For other applications

11gp¢ A3 midesHSvond 48 of sledmesembly Mhvae grefaplalycovdigl by papsisi§0. For

enfpy qkéog?ig% ‘g\fsl%%hay 20PRA4 H& g%y ggs@%é 6&919&1 t}é{‘ dsihe %&i@%ﬂa e of sled

- %zé'q@i?sﬂﬁiéfﬁgnelgg@dqﬁg&ﬁ%% B8yl W s YRENITEE 12,

engt I cknesses nmy be used
eneSitpd a0 gnaseciithérelefit@bby ddmdk paaisrd2083,gui aad 45 which

rail s or. qui de beans 208 09 r ef er abl
exefd EIoBRI VP B TRk SRS FAP PRIy 5 o orepcs FIGURES 10-14,
coﬁ1'éf’?9§t§ 4D Carl e Byl IO forkied RAIMBr@RRb REI Afs hBHhER width of
rails 208 and 209 may be formed from structural steel

appirgimsteln furrinchesgs thiknesgund | appioginetely dlote qyartesy ean inch. Each
_ o : o

coBERSE D lnd Y68 L 0GR AR b LERSES Myt Topered st 4

is ppflabdaformpd on thende{ eash @iner pbst gl iade o3 imynelitelss adjacent to the

Th resent i nvention i ot 20 limted to gujde
grquyit pE cQRiorele qu’é‘dﬁa‘é‘ﬁlr@%zé@e QI%FHE’QQS ‘“é]} gn'%“Pg Oléﬁ‘gerﬁﬂ grfaces

4649 re?é%%l%r hadtefil tb SThinlnfige 81 4B eSOMPRE beO&er Lendik Fhundation

intersect each other at approximtely a ninety-degree.
30%uand aespectpreuerdlsi afycapter sistest2( ast 43thet onighy preyhiginepodtly linear

o e b i Rl A 268 00858 g wa 310

mec TaRict pbstf 446 hed 85 tady BB Hoineedriamh eehdival SUERagks Agving legs of
beans 190b. 25 Mechani cal fasteners 198b are

cqyl width spehyas| tyrgad opm Bt mehosdi tigland gue Bl inchgspmg athickness of
ap@’gﬁg{é{ggg ﬁfg?eﬁgggﬁg 8? gijé %%Pﬁg IQ?/)H%S &3?%9 94304 4k %&Eﬁlﬂﬂﬂ WA a length
of approximately twenty-nine inches. Various configurations of braces and supports may
be used to rigidly attach comer post 42, 43, 44 and 45 with each other to provide desired
structural strength for sled assembiy 40.

‘Top brace 141 preferablj extends laterally between corner posts 42 and 43. Top
brace 142 preferably extends laterally between comer 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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i) epd &1 8 Piher sopapemapts sgsle s SFbiab

nove toward roadsi de hazard 310. As shown in Fl GURE
10, the length of guide rails 208 and 209 is | onger
than the Iength of the associated rows 188 and 189 of
ener gy absorbi ng assenblies 186. Wien 30 energy
absorbing system20 is in its second position as shown
in FI GURE 9B, panel support 2ranes 60a-60e are

di sposed i mredi ately adj acently to each other which

prevents further novenent of sled assenbly 40.
e?ﬁ@%?%?e post 47 and,eRmeycpqss éarlvmedmtqlbako@wmwia 808 and 209.

MBSPABAtAY: SDARND SR TE DRGSR o comer
p%Mﬁtmhﬁaﬂelytdbevaﬂsz@mmmatl on of an open si ded

s s 5 'R ERLY #0 Ao PGPS PrgR Beendd g exFaiaptipeonaly

bes@tackaRei@ ﬁﬁe@%&é @@l aRS 3SR yotf’o@n bfcé Slmt%n{e%aé%é 42 and 43,
after inpact by a eed vehicle. First end

tog |bé~%96a1§1§e hpltgm 4@aceo‘5rlr exybgmec fnanch MXI coppeate |W1§:t E@hdother to
pr%ﬁ?lg fd ve g,ys ?ﬁ g{r{? 18 ap Xﬁ%&t%ﬁh %{g ‘of E d, (se%mﬁaz 4@ n%?'d t1‘31‘:7 of sled

e erre upstream
asg@nblEA nzﬂcTudleﬁs dsdoenhlasmﬁﬂﬂy, M3 sl Iﬁﬁﬂ&@dﬂtﬁﬂﬁi@hﬁlﬁ)mces 146

e (P Ehepab i SRRuhBY slod soombB Qs onbl y 40

al sarhd Qirh&et
e o afidigerari Heor At AlmH A0h B RBPRMEAY comer

posts 4grand 45, 4gp Biaeel 14k gechbpgtomdar@nees Iparefseleatotl yto catcbrarcather an
a 1 Far Ur pOSes of | ust.r a

lmﬁ%(@ﬁ g\%é eegﬁmrn (r?rioc\? LRSa sy g‘cfn 2 TV ﬁllaéﬁg%ri'pzﬁnggleotf cnergy

abmmag‘atsmm | kinetic bukirg @ondE colEdindWebieBhaPps tiinsbered from

45 which ext end gener al | K vertical |l ydlfroﬁm t
Ahedimemgigng god gonfiguration

Fﬁsfér%ﬁ@ﬂ e Epe%{aﬁ HGW e does

apprOX|na

of &1 @pmﬁ¥ aROBL §el€t@ecﬂ{6%fﬂac%

st eel ps having a w

th

- nofj inytpekthe aentbn efidireissndafl arppeoxbinktisipycts ndél quar m@is othkr than

| Qst 4 d 43 | engt h of
app}r@%ﬁn&ﬁ%‘guglﬁ E?VOE\%CI%@ 8 G%%?surface 46
i s prpfieofld-shapat oignel® J0hend sl peéfeﬁagrheﬁe{m&a@&ﬂu 4om top
nredi atelé adj acent. to_the ground or concrete
€

bfaF%gf‘ibé'& PP fECE Fhe RIS POMBL SAdTe ewﬁl“gblmpa@d lgfprally from
eachaBdradd %ﬁ&faﬁ? el Cﬂg%nttsgf:zﬁlngr@bﬁ RehE gatogt? e4t40and 45. Guide

mninze or elimnate etween con
ass¢roblydt 1sopreff.®ﬂ$y atigthed stq»ehet ends (ﬂ"ndﬁnnéls &Or s 5P esteadidd from

43 ol i ne vement of ]
borfE §tate it Joeal BFSEE ey 74 53288 riol 0P Bee gvide
asséObIYS Ol RBAEREOCDUD2 SEREBBECHRR ShShoftin JopRy be

formed fromstructural steel angles having | egs of
equiiidgjasgembly, ¢ prederabliy lmimde@ pdate éﬁf Theend oftvhanngls Sthand 53

ext&f(‘ﬁné‘ﬁ&ﬁ bbﬁ&lﬂ%?‘ac@ %9', afb fh&bﬁéf}g Bhe & s1de of plate 55. A pair of diverters 58
and 59 are preferably attached to and extend generally vertically 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 assepsbly 40 properly positioned
between rows 188 and 189 of energy absorbing assemblies 186. Plate 55 may sometime
be referred to as 2 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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25 approxi mately three-ei ghths of an inch. Corner
posts 44 and 45 preferably have a | ength of

approxi mately twenty-nine i nches. Various
configurations of braces and supports nmay be used to
rigidly attach corner post 42, 43, 44 and 45 with each
other to provide desired stzuctural strength for sled
assenbly 40. Top brace 141 preferably extends

Jaterally between corner posts 42 and 43. Top 30
35 TR SPREET P ABIPOSR g 4P Av e ond her Kl el and 209,

B inbratd RN ' t 4 0.4 vt v
ext ené | ongi ?udi %a. Fﬁcg%tﬁ&get%ﬁtsﬁgzggéh %ﬁ%@gsn%ﬁl%fu ide rails
28F and 200118 be respectyeliedisptBedibetwaen tobs §6 et 5% sedrbbiyond Brace 52.

: ' { I ds, | L1y .26
R T R ML T —

naiiisia sigd iaskembBi 40son2@ifdeaails 200and 296EHIE at BRtshR BB AMBwing sled
52 Bbg&gra I% ext ends LateraII% bet ween corner post 44

BHGOROEP Sipbdpne guidpiiti 208 ang 208 sverd tnadaide hagasd 348 Tabs 56

and\§t7 2@ %amﬁﬁﬂrlﬂﬁelgful $ ?%X%ﬁ%g 'ﬁg%lé’sir%c(?l ?t%r@l‘}otsaﬂgfé tﬁ?\ggc}] assembly 40

.braces 146 and 147 ex agona
1y eapaes fovesido apact. pdBe nettin efndedd Bssemtely 4Ot andrthd fidtien 3isociated

RIS 2680 Bl b B a0 IS5 s

camsal/bylerdacy Betyes fliath, 55S4HdARE topt ¢1UG P&&lgaﬁ ks’ BI0bARY cAdiribut
g (?btsleb assé%bly 40 e

q& %Ied aéfgnbly 40. End 47 o
£, GoetiErgiian of g brecting whidde.143, 144 and 145 al ong wi th
di agomal ; : ovijyd 14 .
struct urlglgyagtg S%B‘% ftéegf%?ﬂésj[fncleﬁgha{éslg e dl éﬁddgl. %?E)gl%dn g&@lnbly 40 will
gaicrell sconsit aflocatidn 4dbstintislly ebows Lasigy wbsbBbing iactentbilies 186. As a

[ i. N rt.b nme osts 42 and 43, top bragce
re%gg 'vglﬁgle %?%gmngr%lg gt? é&fjlﬁeger ST alpalm a ﬁ&aﬁlonaf moment to
slgbdsbatiblaA0 whighaotdel Botyh bfdce 52 BIbEA Bodn 6Rkhd Bb R guide rails 208

b§t§een a notor vehicle and first end 21 of enhergy
rbing assenbly 20, kinetic energy fromthe
col i R esiik S ngﬁ I £l d 41 ..
to other ce:onponeﬁ%ég@%fg%(?e a‘%géﬁbe"ﬁ?/tj%@ Sﬁ%éé;rtéfm%% conipatible
with web $¥bolchammbls Y. | Duning 2 coilision bétwedida dibtorenehitlesadlend 41 of

I SEDER, 46 SirscBomn e vl Ehesli bpmofon Biict Iahdhroush

chédnety 501 dnde53u6 Bofbi@ briRRHL Mdehsictks@iblRB4.a0G! Lredl1h Hate 55 will
than parallel with the |ongitudinal ‘axis of energy

apglydBres i grpgding bezps 190 teimagthingthe Aesfred o erintins of 56l assembly

40@%%%%%%%@%%%%{%%9§%I @gonal ly fromtop brace

141 to annel s 50 and 53 are

pr effershbivy isBUIZRIES a1 et nhidd/14 conmocta® 2¢4ahd 01 b @faydRittached to
post s

ateral ly fromconer posts 42 and 43 and corner
~ bolfm hrsbo, 4 ongrith T Yraces 143 ARG, AIORPEAIACRAZ6 aro

spidae la%iﬁig).( £bm ChaNRBESto Q&Moﬁgﬁc%?g@ gdr%lg:%g% LRPhed % 2 (';Qé;tends

brace 5Z2. The | ength of chan S I's sele
froppeusiss phate 206 Cogaeaters 222 and 224 are also preferably attached to corner post

42 and extend laterally therefrom. Corresponding connectors 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 cutter
plate 206. As shown in FIGURE 14, a plurality of holes may be provided in connectors
214, 216, 220, 222, 224 and cuiter plate 206 to allow mechanical fasteners to securely
attach cutter plate 206 with sled assembly 40 adjacent to energy absorbing assemblies 186.

'
i
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assenbly 54 will contact web 192 of respective
supporting beans 190b. QGui de assenbly 54 preferably

i ncludes plate 55. The end of channels 50 and 53 25
extendi ng from bottom brace 52 are attached to one
side of plate 55. A pair of diverters 58 and 59 are
preferably attached to and é¥tend generally vertically
fromthe opposite side of plate 55. Diverters 58.and

59 di angle rel ati to_each. ot her

and TheSiatinOoRE, 28800 Rk plle ¢ By jogindls two sots
oftgivaledicniting eddes dr Apsiafialiyes407 RO P, | Tl AskbibB M Pmay be stidably
bet ween raows _é88 and_189 of energy absorbing”
digpnsed, o1 gWde ks 20ppag 20 withwytting eegesrhd7 agd 10@ aligred rwitkdfirst end
18702 ' e fdgd- ] | d .57

e g B e STBRG e} S BlanCa® gy o o o
cuifing a8caldy debmtentsupgortng peatrs 09(hi g EXbedsélested 8 allow cutter

6 57 proje I I 27 . inpward from
R IR Fhghethe b BHEl et BEST ST vo0n, Cuter
plgede niagibk $oca@8 vatheh 268102 BodiaR é%@l%ﬁlg%%shén?olies 136.

prefersbl spaced fromtabs 56 and 57 such that [egs

211 4% shywingi@ FIGURE 140 gutter cplaz@)QOﬁwefb@bbfei@plﬁdes wesbegtive guide
' : 7 2.
PR o B e L RAEGpte 0

As shown
forh eachosnpperéiog ts2mt 190s e The evigthSoMeicht @iide §lagd 268 S€88bdted to be

40 i.d I. 2 d 209 while at th ti
ot Lt B G v pergting digngdndic e pambincd

thidsaofea2h Quttd parsl 260 A i i
57 are parti cu‘lﬁgrvt.l y hel p‘dfr ﬂ?l@th:}gi)g‘?tg,\?ent |er%§tg%(?iégllsr%%gted to be
compiithle With gepor ehitiod zene 454 Swew bytwien respectasEupp@t beanss 190.

i i : ' ' | ed |y 40 apd,t )
h i elo P Thurink Motk 966 s BicPleat Simrgpaebrabdy ity dfasasions
of giye 164p Fath guiild platea$S is2i8feaiblly aQGsen hithine 1 Tgéil%t;caﬁy Abhaped

ca d cQnt ac t n plate 55 and the top o
oro§ {20 i BiRieh 135 B mees S FbLHBE thepsiaeg i L ppPT bearas
19®@f Féth@nd i ' i ' t

B MR TRRAOR, KaY bF bfitind il 15HPOA! n WO Aol 190a anc
19Qhcmgy bgtapproxspaiely omesings (amivicaty fveaintilimerng rap the thickness of

[ Ie 6. result, vehicle inpact
cut\%??ﬁaf&eg 3 ggﬁiﬁg EﬁL r&?ﬁ“e#‘%’ P?E’A’?aéglﬂf’]f in-applying a
r ot Bwixg al colitsioantvith GenliS2 1S be @nérg s @B Iring Oy deinC Bo f PRERSIe will
52 tqQ bear down on the top of guide rails

bot t
CXPp E’%%Im%%gé%%‘gaﬁ%@ﬂsﬁ A FIRREm s Hansfereh figm el vehiclerts sled
ass@sblgad vﬁ@clz}ﬁ'éﬁﬂﬁ?ﬁ gied Sggﬁxghhﬁ)l @ﬁ%ea\géhgclé %ngn Vﬁ]’?(&# 9% each

~of channels 190. During a“coll'Irsion en
otherenTh¢ amavrt afintbcdigratibn det el tis memiohynd Gandfer Bea Aineidn of the

B AR R 1 S5 g s

assastslg ol Yidedt lonRudinlBP Wviard BbAARe WAz 910, guide assembly 54 will
contact respective supporting beams 190a and 190b to maintain the desired alignment
between sled assembly 40 and energy absorbing assemblies 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 piate 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 1s pushed into the edge of each energy absorbing element 152. Beveled edges 1067 and
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apply force to supporting beans 190b to maintain the
desired orientation of sled assenbly .40 relative to
ener gy absorbi ng assenblies 186. As shown in Fl GURES
11, 12 and 14 connectors 214 and 216 nmay be attached
to bottom brace 51 opposite fromcross braces 145 and
146. Connectors 214 and 216 Zte 25 spaced laterally
from each other to receive connector 220 which is
t d extends fromcutjer, .plate 206,
1B RS Pt BB U eSSl b hiheniB Btig a5 Rugermyee 206
m0f Be Morfiod trond Zaddi el @NPyd. AN AL ¥dEdIeIeT 1AM 09 are preferably

Co({ere pondi.ng. connectors 222 and 224 are al so
hardegedia ravddcdssinet cugingrand/ar sngiveef ermgy siserbilg gements 152.

t her afk eafterRARAS respect i ve
connect or s‘_21 24 a ; i a@a%i%g)%]%ro gbg%% | %%tolgg r%%zl% f?r?/ﬁdtlﬂwardly
betwesen hppkvibsssupporting bemmB09Q hite Bd6topAmASRME bidtions of cach

i ehfes AR B0, B S L

198¥0arido1 98b.| O¥e BBt o3 ﬁeﬁéﬁ@l{h@g HeBy LEL
cutter te 206 \?\'?th sol ed asserr)ts)?y A%fgg%j acﬁér%tsg%%ﬁmeswbe

I
Sté‘?‘i%l}e&wfglﬁ B4 Ry culés olale 206 untibrespgtivesenesgioehsorbing element 152
. . f l.
t)};:)lc%fﬁli?aﬁls:ﬁ tendion & '?ﬂlsjcgeggéét&t %éallé{d(?ti Iﬁan%aglg algcrergy %és%%l%%?]ﬁa’lent 152

i ncl udes two sets of

whighquopgZtes nling @8 lefth bfasspentiveyerddrynEsoldingsblbsiakh V152 as sled
disgp%.d onlgu{gﬁ rq@és 20? and 209 with cutting edges
APFROENY CTHUES tedirdyshsultst plafestOodhgetmavghor ener gy

abs ot #ga66eoDkiesy IBBrbidd idhekiesSs ok Neineti
pl ate Zf)eg and t he g%yp orr5 %utti ng zone 152‘9%%%%1}?“9 Energy

- fram be epagang eaiple hatgen Absotlsdh After thepassigeditcotter| flaw 206, one

| - ' fl 194 196
oxabi Shegl B ioe Behyl g2 ARl B Bl PR oot s (See
FIRRIRTD 8), inthicdntvepglenvaint] ihdwer phits sre kOparatbd BRgEgy absor bi ng

asse [ : sho in FIGURE 14, cutter plate

206 g‘%f Eﬁgﬁﬁ? ¥ ‘G?f‘é‘}ﬁ1 frre gesociated Bereyabsqsbing elerpat, 152, has
thA\cHERREEL b a Al SrdHedegm? 68, @?ﬂla?eeﬂﬁr iQ\ééc%‘Péﬁ[tB%leﬁaa%Qembly 40

side of cutter pfate 206 10 fof each supporting beam

at poth. enghandndhacapter and is therefhee pigilt TR68when attbepibie@06Engages
' ' it.h,t i_dt f..th [ ]
o SRR Bl 185 R ) Pl SeERRTSE Bl g e

==

206 dbesrotpl at e 206 al ong with respective guide plates

268 | s sele tede%o be. conpatible with gap or cutting
5 on ST PR aei dhsubinpsspdanmper el pnsist aliserbing aloments 152
T Caponn o Apofttht LGP TR P A PORELEE bE el pes, e

and/gy speedectf igwade Thcavieti®nd nisnent efhéoiak |genehbpasdied to end 41 of
1, LAl ' erall -Sha cross section defined .
stofobetb A5 wiF BES ficieboe S8R0 frofeistpom cvinilals 208 fod portons
of enegpppitisotdai Bemek® 052 Which heELRRRhESE :peq 9P OF
cutting zone 154 between supporting bea 190a and

19050l 3ppsasientm Etrgy ofbsorbin ¢lomente dispodeily émmediately
adjéenlly W6 RIS dss @Rty L 40P whD 't)&)lféﬁﬁsbeolfrelatively thin or "soft" 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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cutter plates 206 may be approxi mately one half inch.
20 During a collision with end 21 of energy absorbing
system 20, a vehicle will experience a decel eration
spi ke as monmentumis transferred fromthe vehicle to
sled assenbly 40 which results in sled assenbly 40
The

and the vehicle noving in unggon with each other.
anmount of decel eration due to the nonentumtransfer is

a function of the weight of sled assenbly 40, al ong
nyiddls PPRET\RS irefis 18hand 1Hi0tand limepdiettlohdjsdent teahé shEof ASh row will
pe 8GR, ly 40 §g'des longitudinally toward

P SRR, RO oo Ry GDibing duonls iosagehedieent to firs
ené8pecti ve supporting beans 190a and 190b to maintain

t he sired. alignment between sled assenbly 40 and

ener Gy “ABS6RsH g il dmpadtetrst gul 4hnef dest assemipy 40 daci®Ducoming

Shd | pal t 206 in.
comRSeit R B Yo gl g e v
cienwlipth frayasd freth lapit sswa Rtopeniydsdittined azeaupantd H811 g6sdrdiBf decelerate

.Will .engage and, separate ener
R Bl 901l sbe SROREF pifRg PEUTLES 910 airely 40 travels along
gtes mmiloi 208 aaﬁszaoppIanamrésﬁﬁinewsalp;ﬁhﬁﬂlaﬁl%%eiﬁ%ﬁagﬂ@ﬁigg the vehicle.

ted by a vehicle, cutter ate "206 1s

D%?%gg“ﬁ’ﬁéo@aﬁ @pnited da the iemasting vabiste diring this samatinkSRriod may be
qifRVALe dH@WQQ'Fe?, j&&érﬂp% aa'lgunr%sgrgmggl Hécl&g%lé r?gﬁ%gtgr%é%%or portions of

en%g e respectlv- ener gy absor
thepyehiele, pichias tROGindshiyldieof exprasslyfshown) abdodtstic BBles applicd to

Bevel ed edges 107 and 109 are preferably
oS Bl Pt fo s v toamtmsrermosgblegioty to te
unessinigytl afeapaldi ng el ements 152. The center portion of

eaag?gFergy absorbing el emrent 152 ‘may be forced
in

\ embadamaieas ewpde FIGEREUPHoeitd 410D eladmsstABly 40 will
colfl Bust o2 o200 ORI IR Ll Q85 e il 0o e cot nd -

absorbing e
any ofigoparich suppertfmmed Aidpysdda csstrddd8 Eoanéled 888mbi 0. 2Movement

of &8 tag%ﬂg)ﬂ %1@ %@vggrfd §S$‘%§1®ﬁg§;g¥3 133;%;1%;’; %@;;cgpn;ge}f pheilt mpport

contl
fra@6 606 0d addahiie atso¥is ' nt, 15 S
U QPARA DS IR U0 e i of

txgi cally fails in tension. This
panch SupheH @prd dborssecigedpawtnt 601621 Mmbthwhdetblerate an impacting

| : (i
Vel BE 8 BRI b Behiingly HERLER ri o to00R revpebond 2
of ensigeatposiing systen 20l athe WE&cbIBg of Rligmghhr 5%55%;' 160 geaiast one

eparation of .energy. absorbing elenents 1
: am?&?@ A"‘%“ﬁ%% P‘@{‘%ﬁ‘{@f dictiony oraes redichhplse tcontgibuieHio ddeselaation of the

e . Af | f. cutt 206
veonenkgﬁﬁﬁgegﬂgﬁégﬁs&ggg%?%@%S@% %ﬁ%%ﬁégﬂééléaﬁﬁéaﬁﬁazo9aho

produgss pdglitienal fictiongfercestodvhnfirthepdiceRraSes velisleF| GURE

5), ' r _and, | oyer parts_are separated by a
o BB e 068 W el o GORES P G0cyBa papel support
franeasefgy6Oebadr Bisorgated oaEd 360941 B&fect vehicles Sh’ikiuﬁg either side of

-energy absorbing system 20 back onto the associated roadway. Each panel 160 preferably

‘has a generally elongated rectangular confi guration defined in part by first end or upstream

end 161 and second end or downstream end 162. (See FIGURES 9A, 10 and 15.) Each
panel 160 preferably includes first edge 181 and second edge 182 which extend
longitudinally 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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the configuration of a deep, strong beam Cutter plate

206 is secured to sled assenbly 40 at both ends and

in the center and is therefore rigid. Thus, when

cutter plate 206 engages energy absorbing el enents

152, the energy absorbing elenents 152 fails while

cutter plate 20 206 does nof;. As previously noted,

t he thickness and nunber of energy absorbing el enents

152 may be varied to safely absorb the kinetic energy
spirdratlseqiians haging e lofethvefppiosimaiplyshirlyt fpwsandzthie dourth inches for

" nnpagct.. T ot at | onal t which,i

SROBO° pilloid: TRAC e B8 R FphS Tor TRy B |, Fach ppnel 160
pedfaably hag W@xifnﬁieglth@m?ie widitceswbke\wae Bnélﬂ)ﬁl B inddbat e

200 g Bol L O %25}18@@?5%%5%3’ GRS ﬁpyeefergglty fored in cach

! . _ bi ; _
paRPI G ﬁﬁérﬁﬁ@xateeerﬁ% %W ARSI Spg égg ?;%@%ﬁ?%%ﬁ? ldalth and extends

I mredi ately adjacently to s
alopp thedphgitudenal e¢nseriline Knot elprasstyr shbswwh of edch pdeddiolr Ahe length of

i vel I I i I hi . +The | f .
SBEABLE R b b S DA Bl 60 T g g e 170
slabBrdidpogediyishedot264. 120, 120a, and 420 are

preferably selected 30 to be Ionq enqugh to provide
mul t Msted sEapabanaphe weldedsip fusiong 188 of peshapapel 6§iong edges 181

anP @Candy g E‘la(jiﬁﬁe %? YEOURESS, drony ﬁﬂ)}lgzﬁg)tﬁ%eﬁ% %Qaph #6866 may

moved t hr the front portion wth
hayofatienpinef gppratimatelyi twgive hheet Hnritténmbesiidyy weliteofgyproximately

oy SRR EnERE 1B BR o e Belal gt bbbl el o th

 whittsloOthe B2BECtHVE Wank] 60 bddRednTbHebine) MngilRALR] cd@Ss CONBAT Y.

to energy. absorbing elenments installed adjacent to

fi r stlechepigabipstengie 7 1% AnE 1@ mAY be spadyio piigrliciagh mptbstrap 166
wif die? %ssgéia%hego\lﬁésggﬁ)l % 80 gbac !I\H&h%%ﬁnrﬁ%nlﬂ? M?ata{i 969 are

any occupants 0O are not wearing a sea e or other
subsgisntradlynidegicde vMeal wirdds 166 prodiapdre ednthcirpedits férrmennting end

heir se Properly restrained occu ts wll
16135 Py § 0 B e SRR S OERAE. Dur | ng t he
ShorRectdsB® 182 Mk freitsblfifShRANGR ALk $afs SBIMDAYhE Qunction between
travel s al on gui de rails 208 and 209, an

seeidesitdr A6 sad geeneptive: loraijudinal 4depoA Bt dndsidde fre FIGURE 15)
= . ; ‘od to tho. y

RURLE| PSS S QPSR i e

whear grergyHabsevising systah 30 isoin ito fiast positRed r AlsnedesuliCiHpaskts 184

contacting jinterior portions of the vehicle, such as
SRR R rﬁ&y(qﬁ atvegseiﬁ wegrps rodidss olecseabserbipg system 20
dui—iﬁgﬁefevéﬂé%iimﬁg"édﬂisi&rhﬁiﬁﬁ ficle will generally be

reduced to |ower levels To mnimze possible injury to
t he Papgirsupperdi fraoes d@evpamay Rye suhsantitiy dheremtie dinensions and

coﬁﬁ@ﬂ@ﬁc;np ’Fﬁ%%, %ﬁly peaggl s?'lgpcg) ﬁ%ﬁl%dsog%‘ﬁ"é%' a/eséra)e\édilll ldetail. See
FIGURE 16. For some applicﬁtions panel support frame 60¢ has a generally rectangular
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. Boitom brace 62 extends laterally between first

~ post 68 and second post 69. The.length of posts 68 and 69 and the location of bottom

brace 62 are selected such that when panel support frame 60e is disposed on guide rails
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laterglamipgctpridk therabd frafsfirmed dronp@@Liuppbrt Panrk 60660

15 contact panel support frame 60a which will, in
turn, contact panel support frame 60b and any other
panel support frames di sposed downstream from sl ed
assenbly 40. Movenent of sled assenbly 40 toward
roadsi de hazard 310 results in tel escoping of panel
support franes 60a-60e and 3heir associ ated panels
160 with respect to each other. The inertia of panel
ir associ ated panels 160 wil |

rames and th .
2§ RO, BT Brate 62 T ponsis enid i RAPGRE) b8 Pee s and 69 wil
néiscatdt ord i RRSatlogrogt udinal ly fromfirst end 21
toward second end 22 of energy absorbing system 20.
The dilwslibpmfivgessbrased @b, A6, ©f 7Pamb? 5 mbsbe dipposed betvmen posts 68
h e L.tianal i,ction. forces, which also
T R, PP I Boldip BRoeo b2 R Tidh L FE RBHeny For some

apllicptiome cressipavek 65y 64EdS, G0amBOR R1dMRPEII E4ard®d H1a9dR formed
9 .also roduces additional frictional forces to

d
f‘@@erﬁlz VLY et viprigsiuaslaics! eqapapshisc iAdso, Zepsabrase 6§ imaydheyinstalled
' i t ) |
atdi M?Sﬁnﬁh R Jo8RRCGAtED. Fh%@%lag ?té %Ibggﬁgagpe%gﬁaﬁo? @nd the

suppor frames 60a-60e and asso
lopatimrod dhe gaspriated sross biakésngaehd heiedsth geovide desiret giength during a

. j 20.back onj0 the associ ated roadway.
- Eacﬁagﬂgﬁ%lé%%%&%fg%g}gasﬁtﬁm as a general |y el ongat ed
r ectEabgifl Bratiachvidi 19 Uhadddosr St 69 adjatdht RAESndBNe Fdmdltida b8 and

%gu?str am end 161 and second end or downstream en
CXYESS 1o fvanReRergnabspthing, assarpbliestliéh B ¢Faineltacho to the end

o] B2 el ke 09308 O SRR i vy

h" ext'end ongl

absasbiog diswemblis 286 Jiabs 66 GLIRED chOpeatd wiifh Dotfodf braSOB® to maintain

' N ls 16 be formed from standard
o obiing Fopl (ks hanecd 1t guika i S6eetd SHOOWEE hgida impc
withesmgtdy abkorbiiprsguteredoel y thirty-four and three-fourth
inches faor 'one-bay panels" and five feet two inches

f or PR Ix9ay 2 yshiglescothdme- with gither sidoof qmersfyerbadrbinghasembly 20

i Xk I | t ve ne-fougth
iR BT Stont Ancle IR LY Bl Blopit taes e BB U i of the
' I at s 161 and 162. Slot 164 is pre%tgrtg%?ssocmed
. | : ; i |y
guilP SIS Hlor It ket dbscibig gotemblicnd & Slaaiusrossied 24 and
clemical fadsiopers(T0to QRBIRSHhNdaH :
,;meThe length of sl of fe4ﬁf‘§?ﬁ%§§?0?h$f°?ﬁ‘ggﬁgﬁ‘§%%@t fagteners
26, foersy; WP rermblen 186, gwidpeulsi 208 mIdar09pilangwit Gahel support
' )| ' ed.. ] sjot 164.. Metal strap 166 .
frﬁllﬁrrltaaéy gg?e Bg\%ﬂjééﬁﬁ%ogft%@s éﬁ% Afé'fgoff Sidgcirmagh @11&11 I8y abgrbing
systedg2® 181 10 and 182 and the nmiddle. See FlI GURE 16.

For_sone appligations netal strap 166 may have a
| erTEnB IOy P RRREITY. ARl S ehosrre 8 HAUIRE richave been

sipgicd 16 i TR 1, one: hal f . i .
-desipigted 1908t N I@@Qrﬁﬁﬁ,nﬁﬂgt%d fé?g;ffﬁgthgp ‘%Pee?ogg}nlé&g%ﬁezi'ges of

he | ength of "each neta rap pr e
pangls 16Re-160d are identified as longitudinal edges 181a-181d and 182a-182d, and the

longitudinal edges of panel 160f are identified as longitudinal edges 181f and 182f. Also,

for panels 160a, 160b, and 1604, ends 161 and 162 are identified as ends 1613 and 162a,
ends 161b and 162b, and ends 161d and 162d, respectively. Likewise, for panel 160c, the
upsiream 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
may be attached to first end 161a and first end 161d to post 68 of panel support frame 60c.
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wi dth of the respective panel 160 between respective

| ongi tudi nal edges 181 and 182. Mechani cal fasteners

167, 168, and 169 nmay be used to attach each netal

strap 166 15 with its associated corner post 68 or

69. Mechani cal fasteners 167 and 169 are

substantially identical. Mtgl straps 166 provide nore
contact points for nmounting end 161 of panels 160 to
respective panel support frames 60a-60f. Recesses 184

Iap sinpjlap fresmady] yespentine dreital seageshl Goaare prov6lkdab sthirely attach first end

LNCt et ween secaond end 162. and spective
150 R RS0 o et Rand] S eao (4, chrgEopsym FAGURES 174
aleATBs a1l 348 adckeivs PARRLE WO 170 [ tedpbdtiveedeh fMbel70 and a
in a tight overlapping arrangenent when energy
cofFspitihals @obsrrreslyshpym) inpangl A68b. posi ti on. As a

voni of S REBEFRSURE 7, MolplicrPrd BRCBREPuidek Yol Logprencing
the@throeghi. ndy pair of dingers & 7dngt €'76 eatend $atanllp fronfPAE bide of slot plate
N TR e

1600| Medhanieh! BHORPNbS fsrfgaﬁraﬁgﬂoﬂgérlthﬁ%éﬁéﬁfcmbﬁﬁeﬁé?s 167 and 169

detail. See FlIGURE For sone applications pane
togGAsepedate dekpl8e d 7 ack st plateal 10,and dott 4 6§ gbeprerate with each other
j j [ - | T 0si . 68 ‘ .
oGRRL9 45l 08016 P SH shs BRI 1B b 4BOBlu g g g o0
aligyingj spmEePand)160 enslidedoggiudimaligidiatR@%o thkoyssdviReEpdl 68 or 69.

t end LIy bet first post 68 and d
- sEMEREe Db Tha SURERa ol | et woen

fir A pSifioR @8 bacdiBoRNGs ith Q3o B
17§ost sp680and %9 and tﬁdg&%(}glati onm%fg(i Jg%i’(fergrlnb‘@%?%kgg@%%ﬂm plate

meaysh Bideldy dispesedtinaespattivie shdrlét of apbopanef tareD6mg & sehicle
- d] ' ils.32 2 d 209, bottom brace.
i BARFELR, Goty BbbintaesSily A pogbubpt BRbETim st

- endnid16 Dfipankl 160at wilb micvet loagingielle Hheurdadbddede 3I08ard 810, The
‘ galrural i%fv of cr.os ggafes 63, 64, 65, 70 and 71 may be
engpeemat ol BorRaTAien oot Plase! 70sithigdongnging} slob 164 walhaliow pancl

1600td it oBaedB2lls Relé?fv%‘rtg gﬁl@ 16019%%1%%%%&%}18@% gﬂég{f 608 Wntacts

5 applications cross es 63,

- papgh upporpdams 68d.anWheo thasycdoéact ocenes] pareinsnppat ifweley60d and

...C0O nents.. Al's crpss brace ‘
assgEROL SRR SRORN okdy® Sl RO REoR st S EHERS 2050 pancis
16@ avab®roaddiée ehghttc0of support franes 60a- 60e and the
IocgtF' on of the associ ated cross braces rm\é be vari ed

to Yde SHEEsT e 4T shrelngssh eflrann gneagy sabgerbing systemi olay be

deteRGh&Y Hhae rn*ﬂiﬂtﬂg% éﬁ((g gﬁﬁa&gnstélzg oF e t%@sp@:&%%gepe%gen{sg 132, the

the end” of post acent to conc on
locatinh obsncegytisbspring eleignts AW  shdethe gpatiah 2@d ihditia associated with

par?e? %Sﬂ;%lrtl ﬁ%m%ssgm-g&gb aSZ t{lglr %gstogi%tréﬁdpatnglst IhGeO. e%%r example, energy
absorbing element 200 shownlin 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 elemenis 152 will increase the amount
of force required to push cutter plate 206 therethrough and thus, produces a harder portion

in the associated energy absorbing system. Energy absorbing assembly 486 as previously
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 approémbtely, seivarty packes. Fibrpy Athabd@ dAsEIEANERL:

of post 68 adjacent to concrete assenbly 308 and
extends laterally toward energy absorbing assenblies
186. Tabs 66 and 67 cooperate with bottom brace 62 to
mai ntai n  panel supporting frame 60e engaged with
guide rails 208 and 209 during a side inpact 15 with
ener gy absorbing system 20. Bgpact froma vehicle
colliding with either side of energy absorbing

&s?s%n‘gl. W llé\ be transferred from panels 160 to

pARE!® / SEOMES VBIPRS ERolmiques dor inpreesing thefierdness of an energy

dbadrbin@lsydidact Wi Il then be transferred from panel

support frames 60a-60g to the associated guide rails

208 dinareyrabogbingoygemriyasahewn i ﬁ@ﬁkﬁﬂ:ﬂ:ﬂ;ﬂeﬁab‘!ﬁ ﬁg;éudes energy
S S ani c steners to

B o R0 Bl SEreand ot domey eaproing dements

1628 @26 ardPrefedtdy Ghmab %hbfe[hﬁvé’!?iﬁﬂ@ﬂt@eﬁ g]a?ge cHirfiGion steel

ai | s .208 and 209 al ong with panel support anes

SEths havs i)P%‘v}Daé@idﬂa%ﬁogT ang gesdplf inghied. gnesgysatdertimgaletent 152a

Do oo Rl Rhf of ¥kl bR TS, dPtsemnabsorting

e}ggleg@gfﬂ@ngﬁ&mabiﬁhas allﬁlﬁﬁ?alﬂgﬁgth oi?ﬁﬁr,oxihﬁ?ayadﬁ&y]iﬁaibg. Energy
ok tudi 1602- 160d -
E T T K

are iden
h&8iBos d@Real width sfBur Arangie !
: a‘le i dentjfied as IIn;)ngi t ugﬁgﬁké@gsdgggﬁég%s g%gﬂi%é‘?&mhs of an
ingh.s Snergy gbsqsing|element 4 52c1pfrabisnias16 deinineh tingt6af appebximately

e T e L T
anel 160e thiér%ferably formed

gl ifi 161¢. and. for.
o TR AP R Rt Sl B nbep ok Elnenss ot e prsgsbly formned

frdrh Gckafpalldbe oh Blind Rdvi ' ]
7 RS Sk 85981 S BT A9 Bl nd s

lengily of saprsexipately ningipdre ifichese B9ch edgyl sbsrisihgn di@nhent 152f
pri%?gf’re‘fiaﬁa EHPEEN o Frelilng ViR e st Bl st s

68 Ofaripwmaim: ahd foa '
o e Loty RSl o g
10 o, A e g

IGURE 17, slot plate 17
12048 and70 astdesieadn Fisargty. abgoriag systdmd 1209 £26a A ZNEayl dsipate

ki o eral rom one side of slot plate. 170.
k“%ﬁ S@“#& T’%‘r‘@r@ 5_’;7 ég%‘P TESEPE e ety pRserhing Glements. n However,
othet titped 68 enérgy bsabHQCAsanglic M be ARAMMETP HEF Ihith an energy
stener 168 is _preferably |onger than nmechani cal

fa
abspriipe Syt heying flared séles ppd/ar wingnxtensions o iat awcdidnce with

tealt368 oF iRl pridedf Bvdnfdnand bolt 168 cooperate with each

ot her -
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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10, to securely anchor end 161 of an inner panel 160

W th the associate post 68 or 69 while allow ng an

outer panel 160 to slide longitudinally relative to

the associ ated post 68 or 69. See inner panel 160b

and outer panel 160a in FIGURE 17A. A portion of each

bolt 168 along with aSSOC|a§Ed fingers 174 and 176 of

slot plate 170 may be slidably disposed in respective
sl ot 164 of each panel 160. During a vehicle 15
IZOamd t42Githiny eoraktiddesdfe @selﬂgaﬂ Bnoniyating, as&'em:ﬁtfq/ ci2flh cushions."

| t f f t d 161
BRI BSTIS A L 1) 12) THBhalet OF GRS °h cOPay systoms
be@iﬁe tﬁ@%nde@fg%m@%m%sp&%dwematoed Bha¥idePhtl 19 Ypically

within longitudinal slot 164 wll allow panel 160a to
substangially sader i thaend of s wepspive sysisanBring goermingtlatfic.

pan Cy /30 t

B0 guth Bfettabe, 3FReP 120 06 g B9 Sy WRRRL:, RS eneney
abaoting Gassemstdich dBé chligadie lis rekpédtive rbwsa 88 and t189 p@cﬂmﬂdmg generally

ﬂ

sup rang d its assqciate anel s . ) ,
togeyfRaly Bai Rt Ha e 6 LoRaR R fLate S0 prepeieb Topdside hazard

- (noth&pebRgs showh). aﬁo@@ QBQ%@QS%’ ! X’ﬂs&%@ﬁﬁﬁl&ﬂ%en%ﬂy parallel with

determ ned by the nunber an acteristics of energy

caglhalberh RegvseliS8 wath 189 amifor cnbrgy abssbing esscwblienEiogyay sometimes be
refBRS @I LINY &.ggyg i IBe o @Mssteas{y 23 neg%ggaldpg atﬁsoe% 602-60g

associ ated panel  SUPpPor
(StchBIGURES 02A ah@24)parplispibeDsuppert ﬁmm@ﬁi&. ea(ﬁr(Sye FIGURES 30

ﬁgﬁf i ng. el enent 20 Bye in, FI GURE 8 may
anfg bk ORI eSS apsapiated v engEp pbEgro mge‘saﬁremﬁdzwe?ﬂﬁa%éw may
be AREHIBE] %tﬁereﬂfectqg 3bngttuRinaPQhter e tl@@ d%g%dwgén’ rows 188 and

ener gy absor bi ng el'enment 200 may : de relatively
1880ft by increasing the number and/or size of oval slot

204. | t he L hi.cl ness.of e y
e G e A s
have@utrggdaﬁsﬁrhmm@ hseuiblies dplaagel 206vdrvas ectdhﬁguﬁﬁoﬁmd For some
produces .a harder portiqQn 1in the associate

aPI@Jr?é?w ¥ GrpalgreEy of erprEEAR Py B ERBGignAY Be mﬂ}le%@acent

to stoﬂfsﬁié' 148dy Bat otﬂ@xs dliesshob ntﬁgée%o% f ¥1§’err%)9 YBsorbing

techni ques for iIncrea |ng t he hardness of an ene
assambberbmﬁg ey gstalied. Enklsgy eathsiombimay ol thene Atheasnesgjoabsorbing

oL Sy L8] L WS 0357 Wl v
moaifgmg ah Bgergl abRibiag Sﬁtéﬁ 21 ehiZeopdasiBleSniui- € {Eh @R kdktrained and

fornmed fromrelatively thin sjxteen gauge construction

“ﬂ@ft’é%‘}edsop?wﬁétswae Wide wrisbheiyghiclgs &taﬁelwg BRmousFECYhe
hal {, faBC £8¥% Q%?%)Qz‘r %s% fhic ks %é%? u@h%de&lﬁﬂls}’stems

has a non1na engt

—.

- 120,ri¢heend BAQ m@)FIGURESbl%ﬂ elﬁﬁmnbrgyﬁﬂ)boxbrr@‘ asahbljeshas utilize

ngqrgxguémg’%u% hg,osfpliafr)l%[e%l mately sixty inches. Energy

Energy absorbing assemblies 186 are preferably dlsposed on and securely attached
to a plurality 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 installed 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 inpacts with one side of the associated energy absorbing system. For example, a
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absorbi ng el enents 152c and 152d are preferably forned
fromstructural steel strips 10 having a nomnal wdth
of four and one half inches and thickness of
three-si xteenths of an inch. Energy absorbing el enent
152c preferably has a nom nal |ength of approximtely
seventy-si x inches. Energy ab&orbing el enent 152d
preferably has a nom nal |ength of approximately _
| pches. er bsar bi ng el enents 152e are .
r%l?i‘éfég)‘[{ gtg%r% s?r%?hrjfrggﬂas]@ %gn??ur]] até%réa]f b%@qwedntgtsaaqu}tqnly redirect a
vEhielegypatirdian gngit OfRSHrSxikady BF@rPIGEES WY Wil Bl
15 from.structural steel stri pys _ha\?f)neggfla \?VI d?hlofa{lﬁ&m of an
ChEBY B PHEPE Pptepiavingiasn ef apareximatshessvemdegeses (Bhgt h
.of  appPEAXbIELEd Wil %[ﬁ%rt ' : h ener
" absor bflsn el enment fg T e g?ggﬁédggg% grﬁﬁag%ggached to and
eﬁ@m} bdgse Iy respediive encrgy lat]mr?ﬁg aﬁsehlzbliésolﬂ}f@@@i assembly 40 may
. us conpone a eatures of energy
bi%fs‘%r . ﬁ%éﬁééfgtoé‘n@‘%ﬁ&é%%ﬁ%s% Béne?émogtyfr@wg% 682 o0z of
ermsge alnbiting SftenkSR 000 AR At KD ShEY | — 460i
ol oment s 100, 152, 20 200, 4057 RO STHRR B 405 - 4601 of
iRy 2 Qﬁﬁ’a@%@m fit srayorlsn belskidebly dispasgy omlgmistetratig 208 and 209,
TEY RhEof: : . esired. er absor bi ng .
syst ens 1%03e Allg%g%g%gi %%IS I)‘?%Eﬁ%l%ﬁ’ﬁlﬁ?{tﬂa%%elﬂ‘%g of associated
OB B y&né}l_&? op prengy @imotbéey assemblSDIBG! I'WEeréief Y absorbing systems
However, ot her types of "energy

! | _
123038 ﬁgby dren ?%ﬁ%%ﬁ’&%ﬂvﬁe&?c%@ RosMion f(aRtteapess)y shomen)wdiechassembly

absorbing _ | _
40emdgrane] GUppoRbS AR da 08- 6O ¥ Sﬁa%’rﬂ{}géﬁ gﬁicz{edj %\%I&?tﬁo %é:gleosth%naq /ﬂ%rend of

Wi extensions formed in ac
foi"’égg% FFé%S%PPR‘Wée femdunt cidnlZdnt Woen eiengyr shsodiigosiRieng420 is in
; 20 ' 19A-23 | rat |
SRl (RN B RSR 0, M0G0 B8 el v e

t eachi ngs
4684l -a@h toasobe dispdsad iadiaksht\Wo eck e laf Shel élﬁ‘ﬁéi; fHfvs 188 and 189

%?r facin comng traffic. Energy absorbing
- OP ys g}j%nigﬁéelmgr porating a further enbodi nent of the

Pr e FEGURENWEROIS £ Bohefh il 4 and 25. :
Var i.ous 30 conponent gﬁahgmmﬁg@vgggﬁggé \Xﬁ%{avhoéﬁ%‘?r%& absorbing

sy4a d ¢ irpndipg denggudipallafidm ko0adsidechazind ot exprokdl Seitsi) which
P : bi tem 420 | or at
ma dnclpdS conshe nB S FRcke} hBidtling suame o0 HoehtssoRrst end 121

St anot her “enmodi e

faciigomsoming h@lfiRERd 3ecaideRil 125 aRpEEIHARRLR B %%ggﬁdgigé hazard.

E 120’b3 . 120? a S 4éo,may sonmet | mes be descri
DEEO AR PR GYS %3' O s incdodes iyt sidesiFlomd stconBrsidtegl32 which are

adib 6ok Bath : : | so

Spadescri bed Z\(}sﬁ%ﬁﬂgrée{%ﬂds%eé%gﬁgq. égﬁg@y b %%Vegﬁgﬁgfe”@aw and

seceydsendnh2di onthisceratwidbien firdt sida 18 aslbéedend BRI T Sy be described
wi der than the end of the |

i . i al |
_aS Hragisﬂ %adgllq!ngrgll 2 jy/"’S’fS‘ﬂ éﬁﬁ%‘%‘f@ Fﬁ%ﬁ%lmﬁifﬂ@ﬁwamter. lig 18Qer gy
abswhi agprgy aHsebing kg fem!i20as A1 AR 6] Hd8n0ty 40 may be

Jultiple energ absor bi ng asse I gne
slidgily ifposerbat B enb E2 b asien oncomten, iy, gSswendlehy 122 of energy

absorbing system 120 Inay 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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longitudinally fromfirst end 121 to a position

i nternmedi ate an associ ated roadsi de hazard" (not
expressly shown). Rows 188 and 189 nmamy al so be aligned
generally parallel with each other. Rows 188 and 189
and/ or energy absorbing assenblies 186 may soneti nes

" be 10 referred to as a "gui diéhce track"” for sled

assenbly 40 and panel support frames 60a-60g (See

FI GU or spljt. panel support frames 460a

- gjf §t1é883 ﬁéE%@G‘éF }aedstg)sle dasvebhedd thdgmel support frames
69%9@ 't@tf(ﬁﬂl i‘!M)IhBI]SeBP Figky sﬁﬁsg'lbéﬂagseé&ﬁf 55@ 1320, do;l' ?e%gdlment

g described wth respect to longitu
sh;ém ay HGU&,E 126, itisbyds b3l bwt sseent mwzw&na@nemnppmﬂel with

o500, BOF LIS PRI 36385 S

' emgﬁaﬁdorba% @mtreﬁﬂ@@dnayw(wsmwea ag Gﬂtfrétﬂ’u:fe@:ids@ B&con& Bbrtion 132b of

S Rk SRR T ST AR R p—
rcfv%af@ é}ﬁ 1@94@1&%1&%011'& IQEB@ bnBP§Y | B84 % ok q3?§1| Fna{dsesecond

rows of energy absorbing assenblies nmay*be I ns
sid¢ diyergenfomrtbseaniey linnl §0 asthe sidn extemrtgyard kbbmsebombenﬂ(l 22. First

rojmul.ti r sorbl asse
PRE Y e L B e REGHPh M SRETE 83 B e
as3RBBIYIH0B {5 RYRLDIY paced Rofiaae aRSRT é@hﬁall}f‘béi‘&ﬂeltvﬁtﬂo&ﬁfbspondmg
restraj ned and unrestralned occupants in a w

P%?%?@ﬁfétf sideeiile | Ber gopapaplipgions theatistanss be'?blé@@sﬁrsﬂ end 121 and

o Al s B oS00 SR 53

frarg AesSdciateth guide eaiyy 26t snd B9 guas be afybrogisnatady ont iHunded fourteen

o3 B, B 580 B s 114 o

rethicep dRashodnt 8NEstERGEqiled o $he akeiatel @nd P hbloMbihf ¥ysBim to meet
sties _24. For some applicatians, enérgy absor%l ng
N@%& dHapor 300 regpggmenipd/ or 420 may be installed using a

tot afec%cﬁ'b@ﬂéﬁt%_ o?ﬁ‘fét 1%§eng4i %ﬁ%glﬂde %go%]tﬁﬁ% ?gzid%l%ﬁ 23sc units

per —crosst
which peg bt pteassembled mdr tmfdehaaiy ath ﬂﬁaﬂ&lﬂ@loﬂdﬁon?: ®Fof Béme applications
bol ts

nu r,and l.ocati.o f cro 4 and anchor
« BRORES ofs Pl ifiudk sTSILee w160 Gef ameehBnAGapanel suppor
fraids 00gLe0g toll tH eﬁst 160%9@11&95161@? s g aH@}ISaJI%‘fs 966 &isBiRd along
when a vehic I npacts Wi th one side of

apRTHBItely eue bmm/foaﬁgm iptheg (E4ASH @ﬁnldeFlﬁﬂ élimrmb of a mogglar base
: un.g‘%gj} hYIﬁJ}lYZSSI{eE %'Pﬁts tl“éc{oglélv?%: o%ge Al goung%_tﬁlpgﬁré e%&ent cost

e require
effectpeatpdigpfat daangediglodulef baap ﬂmm dﬁ&ifﬁélﬁé ERNLYiliBegr ees

hav ERURE: P &5 o sngpedivpimty Gevis Seuies o vy of the
relﬂﬁdﬂsh@fbeﬁ#’éeﬁ%ﬂi orpl3ﬁLnge.;e&%ﬂ%rtﬁ)%8l3§B%f%gt%nﬁrsﬁie 132. For

preferably attached to
the emsbodiment represented by energy absorbing system 120 second portion 132b may be
disposed at an angle .of approximately seven degrees (7°) relative to first portion. 132a.
Bent plates or joint plates 74 may be used to couple panel support frame 60c and frame
extensions 80d-80g with respective panels 160. Bent plate or joint plaie 74 may be
installed on the downstream side of panel support frame 60c. Respective joint plates or
bent plates 74 may be installed on the upstream side of associated frame extensions

80d-80g. Bent plates 74 may include angle 76 having a value of approximately seven
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5 extend laterally fromrespective energy absorbing
assenblies 186. Sled assenbly 40 may be slidably

di sposed on guide rails 208 and 209. Panel support
frames 60a - 60g of energy absorbing systens 120 and
120a and split panel support franmes 460a - 4601 of
ener gy absorbing system 42 nd§ al so be slidably

di sposed on guide rails 208 and 209. The I ength of
| onger than the
A

i.de~raj.l-s 208 and, 209 i referably ]
PHCETO3 Etrfnl Bt BoBh 1 Bl omerdd versertggt portion 1324
and saohd pgtias 387861 esoniGfilc 19heR-EPRIONEabEOr bi ng
.120 and 120a are in their respective second

syst . : . : .
pOSi ?f bir i pdatesidhire ysqdyin sprippgtion iddthe sEansliog of BIGERES 16 and

18k RO k805 e B0 ShRBRERREEN, go0

to each other at the e

b thensled 4@t WherdinliBe paiie extend pgyerabs perbemiic 8 St $28e] support
not expressly shown),

.S .l Nyl ts.second position. .. y
et SRR FA0S aRo B REA ) odhb e STPRCEaES or fo other
BOaf supp6ild, thejoikieplstes o ] t i
ty?he esr?gﬁ f romg,b,l 8 and ?%gu@gggggﬁl%&%r%ﬁégit?é §é% sponding
SUppAILs. ARglRES QOiRint plate BlsenBIGURE NG gapesilywonrgspands @nhe angle

ext.endi

of'th€ Yafdls %ﬁmleggfpe?ft%%@ 28 i g%ﬁSteu%g& g?{i)ililtrﬁ)ltlte%)'zg%é%gq)fyneeded to

| ongi t udi nal oma roa
coghisihy pevilcto therveing ieriehsioe passl etsjoet Baned $60h33d0m, as the panels

bsor bi t 120 includes first end 121 20
s aE BT BT ine i nanel wBzsshmarr Hizh joinspleiedd includes
frsdpatanyad snd b@edoﬁ@?ﬁﬂiéﬁ 7282 ai“lfé-ﬁrggﬁl%s%é!%xﬁf’ B ha, 74b have

system 120 al so i ncludes first si Secon
opgiuggs theringor beftsar e spaced from each other and extend

en ' [ be en.fir end 1 and
gecgﬁgt%ﬁdll%g%%%lrteg? hlé 33{13% @%\gg‘? HBR: P %er 4. si]cg@ 1984 Plag 74 is
cogpledrid th dpantB2upmyh Erath@s 60d (awbre FediBHIRI A e RGELALLY 80d).
SP@Sé&ﬂ@I{lc Itconflaﬁratlon relative to center |ine
3075 KRt BEPRy/4a198 Sipplaty By isthaied 20 thesextensians80d and the
sedonfl pbrtASMb] #hich ShRAdASIARPIY 9 AN 27804 $ lv{rfag'a ?(:wzvgard the center

. disposed at first end 121 facing oncom ng
linesd 364g belied (22 stap dbethgy is edmerttd g theysineln] AA. MEHE &R of the

perft SOy RN e it i 5l o R Eba o s b ad of the
parshdGiivc ittt 4 GuiRE] the Aecond &ad dzmcgna&%@ cdﬁ%leﬁi th e %in@ Plate 74, in
arri econ

ﬁ1131 may be attached with concrete r 310.
CEATC TFORIISP dkscniad 2y Svitharefenence to FISEIRE tl Ac Maxdthat jomtalate 74

is cduplel & HeQRAGE i erenl . 1 rt,i ons, of .a .
S Cohvent | oral ggg%?ﬁgl 6g§'st grr(}d(q%@& %@?pﬁfé%%‘?’i‘)o%%m‘?"ked to
the panel pupnortpfrang Gredrs] thé Second phtion 71RGHEEh baesds@ward the second

el an anel ..su rt. frames 60a-60g to form
end B ot e C2afe 56 150, 5 Bk ristes 60 oot exprsmsly shown
in FIGURIDOHE) 62 e pafeD0ck TGl ' | 3L g
apg s&Fond sidep132 ext end geE§?§%@§<%§§§Fﬁ%#q§ﬁﬁh%Shmnﬂy
coupled to the panel support frame 60c, as previously discussed with reference to FIGURE

15. , .
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 resulting energy absorbing system may be described as "left side

flared" (not expressly shown). The present invention allows an energy absorbing system
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each other fromfirst end 121 along at |east a portion
of centerline 130. Second side 132 of 5 energy
absorbi ng system 120 may be described as "fl ared"
because second portion 132b of second side 132 is

di sposed at an angle relative to |ongitudinal center

‘line 130, associated rows 188 and 189 and guide rails

208 and 209. The second portion 132b of the second

si.de_di ver%gﬁ?,fr m.t he center |ine 130 as_the side

Bhedrgiened AT instakisd basedrrn asseriated goqmetst of pash trpaskide degard and

REtaBRRANEp Ry 1 For ¢ &l Lot med i
LSAEA by ] % 0L S0 s SELURS 5Ly g S o i

Feeoranesdvish tegelnzgsgeithe ardsnt prareatide tnayibe Hlaal nees po Bt panp (not

QL i.rst side 131.. For..sone lications the . .
BB MRG0, At gL Atins Pl SERo P BEApF G e asin fine
oftiiafific Sewand thoetii Mplmeﬁrg)sﬂg@%dgséﬁﬁaﬂﬁ&iﬁé ﬁ&iﬁ%le%[de flare

xt ends at.an angle_ from associated guide rails 208

AFS 3B §S3ASIA I OsTR BRITHEEASSEIRIE thipmae sutitsntiallyaperallel with the
AR ) ook DT B0 RAE OUERRY Qo et

hundred fourteen in
peefention fof vehinlesi exgingdipu the cndiroling dfdratis o ahptneRR tgyp.

" equ Pl PR PSR oo S0 resigpte G espions 00-805 may
b dispoded Gidjsoat 16l desopia@ ipdhd) GupPostU HhesRANES 04N i Brsine Whkistbns 80d-

Hay be ﬁreassen‘o[ ed prior to delivery at a roadside
0% Aty shde Hepgibgimally mione sihorspeciiverpiueh sutpese frames 60d-60g.

i 1 e S 40, . panel ,
KR ) YO IBAD I 4SSO e DD o
139 omg spated IBdrefioml pasepmril@ich Mrik! ke@ndbOtPe-80g at an angle

roxd.mat el y..one . hundred fourteen.inches (114"). of
oRRRHLT et 3 P ol ehem SR AR ot BGpoAEip 2 cFrame
extepiins S0erBBgake Prof@@dPaUAILRFE AspSRd %}ﬁqzﬁg L QWcihRA r?oqg%%gr anchor

effjcient, cost effective repair o amage
agsermbly ] Oe-1492- ahhegrumbst efrpapaitensions ahd the nuEbGURBUESB:d anchor

| > i fe N how ng. a pl an, vi ew
Bl g O Shube el ST RGRARS o Bef Bl S ana
angloenaglss rtsocinted 3@th sifes 48t ambll i de 132. For the

enbodi nent _represented by energy absarbing system 120

second qﬁ%??%?ﬂ%“’i@fﬁ’rmte &Y cavg) dsogbing Sﬁ%ﬂ%iéﬂ Gargg extensions
SORIRFOT Ay BV MmSBN SerAEes s, T | ighgt.

porti on}m%%_Za. Bent pl atlg%&gglz%soi g%aﬁ{pﬁ %s?%isﬁ)‘?% Sgiaay %Og may be
degerthedras haying zengrats rectangpbr crdfss setiof witinenef oramere corner posts
68X j - ith respective.panel s 160. Bent.. .
o SPE YoPRa BRI b GregPBetss PRErSI Pod MBiver e dimensions

asgiwigtat withench flemotxtpanal SR akdy el viited 89 Gecofpsieee thy fare or -
lates 74 may be installed on

| QI tg{{ tes or bent ] ]
a“%ﬁ?efgﬂ’b ﬁ% S7rPed pertign lézlé plicsendgside Esamsraxiension 80f is shown
in SQle 8 i e | HeliGor
e o er CTURBALE Dad b Mok G AR o SinGRHeliorfmay be
fotenedde Qamgtﬁg eeroeriosty 6@iof thetparel angpoet fanesel bet ween

Firsde AOWL'iR %Iéﬁﬁ% 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

30 . . appropriate distance from guide rail 209 to 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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and second portion 132b of second side 132. See FlI GURE
19C. The joint plates 74 are used in conjunction with
the straps 166 of FIGURES 16 and 17a. The straps 166
are used to couple the panels to the panel support
franmes 60a, 60b and 5 to the sled 40, wherein the
panel s extend general |y perpggdicular to the pane
support frames. Were the panel s are nonper pendi cul ar
to the panel support franes, or to other types of
less Sy the Witltheofithy pthensframe extinticar 80cus 80g,tan outhopt Earicher assembly
. N orts. al e 76 of
NGRSl B LA AL B5RP Ao B PR 3o 20405 Bpedstionnas

to t Nariangfeaturasfof blabogrd netiRr WiskRbHESPRRL] 109 afeMBown in FIGURES
?].SOJm ng plates 74 are not needed t o

. ?%§%((?5 Il%: Zﬁj F‘ﬁ‘ggg gﬁ%"l uikpardrnchprassenklE dd fon 1pempteferably includes
rESPEBive badd plaws 136R0r ARAR l%cﬂﬁ f@%dpﬁ%l pglrat[eglﬁgg :ﬁ%l;sy qe supporting

extend perpendicular to the pan
TeBIoRt 13Pal ¥armast ecsedtrsmauntfguidetplyter 14 ovith 7épeatidd tase plate 112,
[ h i rst. and second portions 74a,
R?ﬁ’%&ﬁ%y‘@%%%%“%‘g Be it Wi Bl clioped fema sension o, sor
arjd| $Qgsadjatcabtat pradaiplaiesfl 14.hahi Aidbnstbrdt Feadf hodN €1 Qﬂeg%%ferably
s eIG tzo 7ﬂ is 15 ¢ liglléed to the panel support frane
efrmefl &pee F?SP‘ECQVF& ek tyasrens: Hles30gio glidy longitudinally relative to the

asGresed yeiaé b e tal I i he plate 74 i
bol t edglfﬁ'o_ ?hiée Ie1>h<lt e?%gl? g%Okgggt égg’ge% ﬁég “qéleésoﬁé&bag?‘f%ie piate 114
to pAgyeniritetioresd wnebiated framd eiteasibh 1896-s0p diutidgd a&%ﬂidld“i&%ia@t with
a strap 166

SR b £1 G0 b g t%ﬁé‘}ﬁg%h?e}si%ﬁ%tafe Chpieb A fom ook 117,

I'S connec

Thusrtbe ohfidddl sdehdr dsSenislWaschst Nendd - | :
YTothslBngEifor $0Rivife tlsShook 117, which

chkd xgdlé/ cngl ed . to the plate.

PEGeE R aalildp dhe erates dine dd0.o ke ¥2d 1152 providesgbsistance of
theﬁtﬁlﬂﬂJa&ﬂaﬁdhoH}ﬁeﬂaﬂB; £ t@he 74, in the same manner as

di scussed above with reference to FI GURE 15. Anot her

j oi AR Pleageabparbiigssyseupfoated in bit@rdaBE i UBRBgs fof A Ppresent
rtion 74a is bolted to

B0 ifically, the first p
in ; ﬁl‘éonplgﬁg Fbe ﬂltﬁ%lteldtdnf O Attached do sithen 3, goncaete 9y agphekt ifgmdation (not

[ sSuppo
expiaisly wilivad). eRbeRdse LRMMESLHNS; d.a

from t@ie center |ine 130, i%%%?’?g%%o%;qlé%ﬁéﬁ?%émw from
APRIRERAE PEERY Pclesoin) 2% approFinGukly @ighiByn dnchth €l PRNekor some

applic&ives, l_lﬁbfés E(Héta'@xzrgésslgn%gg&%gﬂ%{ gﬂ%.ﬁla% 01%1) ?aghésp@e}é’ora@ncrete

_ sli.dlngy_c_oup d 10 1
foupgfation de sdopive irespertive dnakiot boltsefoe ediis eEb@aJﬁ\%siv&gmxeﬁazs may
e as

SO D system 120 mgy al so be describ
a]sqﬁ??%%{edé?@gn ?tlxeg:?)é%.%g S§egte anghprbolts 26iin adace nBrefdralily anchor bolts
26 &i uiet ektedd subtadtially hifve F ¥odi ldne &30

not expressly 3% _sho%n%@g%f %Sg%%%gﬁgﬁ%gﬁl gty and asphalt
anchors an og@ﬁ &saqnpgs splasfadtory| foxvgehindasin Bing| annerbyhbkdiBing system
; : The resulting ene absor bi ng
ino UGB ACIIR e G FRiton ath SGTaBl: o ikt st P.O. Box
2115 drudsgs Oflabbrawrpi2The present invention allows an

en bsqrbin stem
?iegﬁlec%ve 8et?cctog pfa¥es or ramps 136 may be attached to each outboard anchor

assembly 110e — 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
Ievel qf the base plate 112. Deflector plates or ramps 136 function in a manner similar to
previously described for ramps 36. If a vehicle should impact with side 132 in the vicinity

of outboard anchor assemblies 110e — 1 10g, deflector plates 136 will prevent the wheels of
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39 to be designed and installed based on associ at ed
geonetry of each roadside hazard and installation

t opography. For exanpl e, one side of an energy

absorbing systemfornmed in accordance with teachings

of the present invention may be flared near an exit

ranp (not expressly shown) 4t an angl e correspondi ng

with an angle forned between the main line 5 of

Erafflc flow and_the exit ranp. An energy absorbin?

tas ¥ehisls fram digpotly Emprsiiag e eRgapina putboK| apgRor desemblcs T10c - 110g.

BRSepal 4 al%‘ Sy H?Q%thgfoﬂ% @ﬁesﬁ EPLYq tl%,’ r@g@% gor%lag?es the energy

substantially parall &l N
appoibmp suethapisomtai el be dﬂSstuspndon ngire1detsill h&’emmﬁélal ly

cont rotectio ar .vehic ng from
Che. TR BaEr SPscrPlaBl Steh 30 ohe SR 11 i Bostion, frame

eSteasibnsn§0dMBO aafeFer P IRpbsddr ﬁ‘ﬁﬁecﬁgt@ly ABSREE td Msociated panel
frame. extensi gns_80d- 80g be di sposed adj acent

SERPORSEBRGS RV PUBa ﬁf@m&wﬁ@? @ty Iﬂ?@ﬁ@%@@ﬂe@% sughy agrholts 88 may be

- sﬁi‘s"f&fh?i'lﬁﬁéd%&gftacﬁ te?;' OH§8¢ %&H@ 8%?% axépp%h%es 60d-60g,

h respective pane uppor

| IﬁR’@SfB@G]lGI Iypaets stroad didentIoadjasaerbites ekfeﬁﬁoﬂsl@@i-@ﬂ@ associated

r abl ecured adj agent to_ro 189  and spaced

s B P8n BOGH, SR Ml % il e b saogungs 04-80¢ to

oathoat) gh€hor GeemBERO NI 0f GRR{ ?ésbéi:tl‘% thBoksEl ﬁﬁﬂl t% Afacent panel
second portion 132b of second side 132. Frane

- SRPR SIS S0G 0. 8Uge Eil208red evcaty sbsothingdsbembdies pa@ed on

e TSR IR AL T R0 en e

The nunber o rame ex

segonhsde d32mcinpacted dyanizl-dteslyraly vblac}e;’:lﬁucﬁdls %ﬁeﬂgj NBleferring to
r

rRATRZLR A e Siertiodionbivnbe e sieohmmnel 0 axdjends o
1dteh@ e SR PO CERANE aﬁél B0 aﬁ@%@f lebm s3I6BRRE about

0 frame extensions 0d- 80 ave S|m
faé% 041209 otich gurlatirn n@y lmpm emd@mbb mell 80 the- mﬁ:@g;mga\gchlcle -

oessbiRet AR R USIE LY 08 WL 595 vt

sections
redwpdd@dtqmgmaldenainypngcmdlﬁmie cross braces 82.

Howey er g@ %gns assoc ated with each franme
ext é%{ée%?{g% & e ™ i PTingy cXkipnsions ferpwdtis acherdance with

tedchiip® oPrthe PAGR fQOEARG DY %%C&g)%@é?ir frbﬁ’ina La gg approximately

second side 132. Frane ex ensi on 80f shown
twagydoyeipghas (4 o @oREVidth, re@nredoip achanmodﬂ:e lquge tos uﬁ&aaroadsxde

hag%“rﬁn L}fortd{e:t{@) 2@’&&??‘#}%%3%2 gfg%ea%%l}s?w to O con(f portion

132h @xﬁmeaond RIdBURE prBfrablihinciided B vahg femﬂao@xtme s;tqﬁg eﬁ@ﬂsm of
than the width of franme

seis i G oES b8 Daormaeich 961 by A emE L pene! Guprorahemes or wing
xRESENSRER (Bibes 966 afif oG enfi FAPIF AT O HIAYHIRO8H Gl as ten
(1Qgenepeiantreilsli Borasvoe dppbeatigns, dise leaiih (ﬁQﬁnﬁ@ 260 evsiydR varied in
1ncqgﬁénliseﬁ'orrxrle zfprfnaoglnggt ysm%go[etigl'ft %rmhes ?ge") 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

© 1ows 138 and 189 and an associated roadside hazard. See FIGURES 194, 20 and 24,

Panel support frames 360h-360m may be securely attached with an asphalt or concrete
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ext ensi ons 80e-80g. and associ ated panels 160. Since
the width of frane extension 80d is 40 |[|ess than the
wi dth of the other frane extension 80e - 80g, an

out board anchor assenbly 110 may not be required for
frame extensi on 80d at sone roadside installations.
Various features of outboard2anchor assenblies |

Ce-1 I1Qg are shown in FIGURES 19A, 20, 21, 22 and 25.
110e -110g preferably

Eagh. b d bl ;
0T Sor Sy SEOYDe DGR gy searebl mehprsdn BivehoFRe mumber of
pBl Eippdft ARRLBHARaPIABick HperiiRSy PRPOY bl Mociated spacside

menpbers 116, 116a rmy be used to hount gul
higadandedipraraei afdhyrosdsige bazerdlfidn theRasis of kiride ribal08 4hd 209. For

ST BRI Wb S S0 B0 38 T Ty

ext ensi on
twehty-ciglinandh (P8Msdentess. of each hook 117 are preferably

selected to aliiow respective frane extensi ons 80e-80g

Lo oG FBPHSRIPE FIGD PRICh SmBoTt dranme 360 e duie e gencrally
trighn e RhBE@atdd deffiRe i e S wid bl s

assqci at e Sui dee pl at1 eBﬁﬁy}%é pr e@’g’%t?é@bf%%t %Xﬁe%?on base plate

364ad sirat @ dbregeaths. xploraditonl Boordols 86 Hiaydeasuit sebigely engage
itioned on the

fol {2 A ide 132. Wb 116a.i.s p
bas DR 30 fth o8 e oo RRaion h Hot RS 9 may g a cross
settfon audt Biodnsions akyotiaRe SEND b tyHiesINg aitaill g
recei vi g t hg hook Ia1117, whi ¢ 1 cha%ﬁgﬁhl S gé‘#e%??@pm'or !
begm, Baseplate 3 ofmpaycheforned frota theseme thaterind bnd héw dmensiahs similar
to ERBhtRk AC r.assenbly to.
(?r otat on eSAtﬁI tesr?g;r}ai g%cggl; E@ﬁ‘%ﬁs@‘ﬁ Eﬁnszg?‘%eoé Olt%er suitable type of
highpvay seaeforl wiatdrial.eachi ngs of the present invention
may nted on or tached to either a concrete or
as pggﬁgﬁ% ﬁ?{ggﬁ %’ﬁtef“ngztto A5RPMEY f mazoinchidasplices 262
betwesit advetlbpping , pABRN260 BRbliRaROpaRY NBhdkt | Farh€"HO T FQsome
proximately seven |nches‘éT) to approxi mately =
apﬁ IS VIRg ;I?é%ﬂs(%" ypay Fbe @’?@i Z@lélappﬂnelsaﬂﬁﬁ Eh?l\;lﬂl’gﬂ ®dength
& %EQQ e forned i n asphalt o .
e og%}%%éé%ﬁ?o uﬁyn at | égrpepg&}rﬂ (gllc{:%aeeln\c/1 Sfp %Iéedseﬂq(f%‘@a%ﬁ)cﬂatedrmad side

hazged toselp@natoadhé ves! oy gave06RAARS] yaelBiROHABndTEG0 and panels
0 secure anchor bolts

I laced within the holes
26@6‘%:3%9%1’3‘8 ?GI%PIS? e(lﬁ%TbF@r%ﬁﬁE'hE}P“B’él g dolgvesrsl tote setleste for
installfthinadt 4 abhpledbavie hhes ' ! Sl ;
TnSCﬁncr ete andlbasphal t Mar%%%%f%bggrggﬁg%{ee?{ ?%gtruéénlé%%ayely qmddy
nstaleq ajaceriioy moatsideshazind byrsinglal ireaysembled arodylanbasse ubit agd one

NS VA ';&:g[@o i-ng. teachi ngs of the present
orlﬁnv%ﬁglbo%‘ﬂ%re a ae.:k?e%%]ngs.f romH Iti, Inc., at P.O Box

21148 endrgy sbsorbinkalasm il Bd forfied RE abdoy@ande Hiﬁct‘g%hinés- of the

e%hf'éu es tcl)r rapps 136 may be attached to each outboar
pr Wgpn g ggtensiops whigh jare secwied die plao using efhei tyges of

srgepaseal agpoti s SO NOR pens.

he ranmps 13b €
Thetm@segtrlguqulo@rls tiot lithited to panel support frames 360. Wing extensions formed

m accordance with teachings 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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30 level of the base plate 112. Defl ector plates or
ranps 136 function in a manner simlar to previously
described for ranps 36. If a vehicle should inpact
with side 132 in the vicinity of outboard anchor
assenblies 110e -110g, deflector plates 136 w ||
prevent the wheels of 41 theg3vehicle fromdirectly
inpacting or engagi ng out board anchor assenblies 1 | Ce

qQ The ranps 136 al so serve in a collision to
the f °F§Pm§n‘éPP112@1°“WEﬂa@b IG-ghppes chapmels fapyyype atiached to panel

s i%rﬁ& J8RC NP MR B Rintd: kndien & L89S el aff8'canpel 368 may

ail hereinafter. \Wen energy abs i ng sy
hesdlai?@gbbe@em I'DWsr panelst 2G8oaid nssngiated goets 3359exBelhs B@ﬁsnay be

B0 L Y G A0 2B BB Sl 26w

Poyte %Zodemhx’%YprBbaufoﬂéi CeaRpEd clsfdls 358 QRbige %’qéﬁf&y sBéngth to
atlﬁfaCthl| used to attach franme extensi ons 80d-80

Yrilipaesiated png extensionea reud 1gbizce ippacks. \iiseme applications C-
shic?éég%%:uéfsc&ﬁg lg‘.'l: Eejsglylgh%w'iﬂg n?z@ezﬂgo ho n{s'it vEith & %ﬁoﬂ er set of

asSocCl orces or et|C ener
pawels Zﬁbarxdraammdr tsf ?rﬁ@m nglarmcteest')edwp@hmmsﬁge pmfened for

S%rge{g pglgclfcg €°ho Isq%rf]i%i éﬁgb %erﬁaﬁa‘%‘ﬁ‘fh rf%%‘]f; rﬂl@h’ﬁ’ﬁﬁ’r ¢f the set of

phdielsres 60d- 60f gui de rail 209 and energy absorbi ng
assenblles The out hoard anchor assenblies 11 Ce -
oBa%iSeM&a#r? peaferablyslidahly @pumpfbmthﬁespe@té@melsmd@smns 80d-

8@331 duBsthdTRf 2l pfanh&! %ﬁ:@ﬁ@éy ltsénbv ?I it r%saaeélyt ﬁne% support

a pi ckup. Referring to
frampan 0. | Sartipgi at glahsl smppcirh éraump:eﬁoj,mo@héntmmlew—&&@asaz@ may be

T TR —-

 patlkBsupg6i? fraﬁ'é§ B6M&h@hﬁ@5br@¥aﬂdmotmﬂnb&%§ lgbgbs: tg upon the

roll to the jnpacting vehicle. The hook 117 prieven

disigpeg pefiveen fﬁ’éf'r &by Oﬁfﬁwm BEngpd, 489 ené th@lalssocmlt@ roadside hazard.

_ Rﬁégrgl tsﬂfgcg\r’.ilgmn@ 0! (Bee FRAKE %gﬁlgl o)? Eet: 81313&%1 rbe&%\ﬁ? P?{“HS 160 and

It1on. ‘AN energ yst
amcrhegeé‘)Mkwmscﬁﬁﬁ af pambmppmﬁ@nmedegnce WI t h 20

teachin t [ se i.nventi may be expanded
fr o?r&g %?df‘{? @%5255 i fl!é'mg a %la%mﬁcf: GRAmPEiRg yehicle will be
reQizettdd bRk an Yhavh@hdent ﬁﬁbl F%Q.n& Awa$ SRR SodiAtd ﬁ)a%lde gazard

wi de_roadsi de hazards. r the ‘enbodi nent represente

vebirds iggpaghmay be ﬁgn%l}l@%ﬁ’omzenels éﬁibd;wcﬁm ke pdjacent gatel support

- frfesSRER ﬁ%iir% exi!e%gmﬁg §l§ gﬂf‘&ﬂeﬁ( tcg dgﬁ%ﬂlg ﬁ'&g}e? -68 ﬁiea%iélglg upon

ext ensi on ensit on

therbocatien (Mdhaerﬂelninpﬁxar Pahsl sﬁp;ﬂiruﬁ'ﬂh¢st60 allt t 16 Witite! &s panels
ort franmes 360 and

5 ext
16{1, B oK lﬁ’&%%o%v ﬁ@‘é(ﬁ’?f‘dﬁgﬁllaf Sgpﬁorggﬁ@#‘sﬁié@e DEQYSPicd fromargtating on
guﬁd’eox)axlg 209 endvab %aih’lwﬁrdl)’:eig ﬁﬂﬁg Pl%ge%hbﬁsabf 283 67 tlﬁﬁerpeath beam

| engt h of panel s™260 nay I ncrement
guitsp oo sheratiel y t went y- elght inches (28") to

‘ appr}?e)fémnt %(lJ nyd’éﬁ{]g] %d tl?e 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 a side 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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and eighty inches (280"). Panels 260 preferably
continue at approximately the sane hei ght extending
from associ at ed panels 160. See FI GURE 20. 30 Pane
support frames designated 360h-360m nmay be di sposed
between the end of rows 188 and 189 and an associ at ed
roadsi de hazard. See FI GURESHLI9A, 20 and 24. Pane
support frames 360h-360m nay be securely attached with

an,asphalt or concrefe. 42 foundation (not_expressl ]
o SBRP" 5w finlPE e lciiiiet yitentsesln foish spThel (o a side
HAbUEEARE vehicledarBktesi4P PRY, t 1402258RE 136 §-NBMIP §eYiahl ﬁﬂ g%ag? daﬂer a

dependi ng upon wi dth of an associ at®ed roadsi de
redigetinedatanaker side iImpack oadsi de hazard from the ends of

Luppac i 28 3 B8 e el AR PR Rean b cncrey

atwpybigx systne|190a. 5 Enoegyt yhsoitgiy systeah 1008 el RktSendm 01 facing
ort frame 360 nay

SONe a i cati ons_each._panel supp ¢
ORI 6% P S0k LA SR BT o Ghocses hRpdsidp hzad
(0B REAPTRY]yTSRSPEL LHiME citP 1 %&wpﬁﬂgorﬁ?lg t%gsﬁgg 128 %ﬂ& IE(I)aaﬁ'ngy have

364 and strut” or brace 366. ur a anchor

- sugfpntially gheepeponfiguation and dinveasignse fymegry atsabingdyatem 120a also

e AL RS e LR Rl R R g
lefi sgipdiant. e SestintIvide 132pinaR beieghidaY ag Haviblk Aireht WRRTdre. For the

ost or |- beam Base p]ate 364 may be formed fromthe
eniieionci, FAF SR o Y AT BEORRAS PISHFER 140 frsrsid b3 Lo and second side

1301RSAlav i _ . _
l - bea’r% gr§ub;s‘t?aﬁg ?ﬂ% %t%ﬁ\@e‘%?%%‘gﬁ ﬁo)%s Qﬁ? gﬁ‘g\,\%gﬂlsl% ??gégpﬁﬂglrespecnve

lefireiide flaen andphe right siths Gntsi rBpcendsdidan] 026X easrgyhubanibiny systems 120

_ i nel ices 262" 15 b . .
e e USR5 e P Bl i 06l 0P e in par

of 8fQlistarico bes@sR theaPof €4 T8N BY e BRSPS FRYsiBERazard.
forged with panels 260 having a l.engt.h correspondi ng
wi t Y 2PAES SompaRrds et GRessy taheorbing ifstepnnidils 189 bad generally
' -5l t Ly M t need for, .
sy RRBRIAL) GRp0sad il ASpecl B8 Bhfche b2 RS G0t 13105 EirsPl sice
132 sxterthgensealiyrmesal ok mithazicl nthier sy eisishsy a poowd) oBddociated guide
. LV tg.a work site r 2Q ipstallation as a
raifi ok B 2o Bk Tk o1 oL B P n5iegd B Reigiond2a of sccond

side eBAteixcbenl yoegeraltK IpdralleN $4! da6kl o} FoBN Firdt Qnd fﬂ_agiﬁﬁ% gt least a
hazard by using a preassenbl ed nodul ar base unit a

poriga of genteplme h3Q 2 Seeand) rattion Albeaf Brst sided 31 Amayrier digposed at

apRRafiERP %é{aﬁ}eﬁ@ﬁ%&ﬂﬁve{ 9({ ﬁgsg ﬁbﬁ’é’?fcﬁ%\%id ﬁggg%nﬁ%}orﬁion 132b of

teachings of f resen ¢ _
secend gide i Shmaydbe dispased @ approtithately tHede@e YREBGINEhH first portion
137,y P€S of 25 support posts and supporting structures
*4%ssociated with hi ghway guardrail safety systens.

‘When energy absorbing_ system 120a is in its first position, sled assembly 40 will

be slidably disposed at first end 121 facing oncoming traffic. Second end 122c of energy

absorbing system 120z may be disposed adjacent to a relatively large, wide roadside
hazard (n_ot 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 gnardrail 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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The present invention is not limted to panel support
frames 360. Wng extensions fornmed in accordance with
teachi ngs of the present invention allow the use of a
greater taper rate fromthe associ ated roadside
hazard and the energy absorbing assenbly. As a result
the overall length of an aslsoci ated energy absorbi ng
system may be substantially reduced 30 while at the

me,. ti .prqviding the s or, i ncreased safety for
Gk, T il cootfer” 7 Scichipunpae b isgosed at
a@mhms@gﬂs@% AHBRRE Ao Yelferve fe@g&%ﬁ HANNEILS AR 324,
attached to panel support frames 360. For the
enmbcgcomiporBeroWhl b of fiEsigpirteel 328 pre@erstispmdudeh arsaednd 3B8up of panel

| ' I . I d
B 35158359 55850, b5 HuBR5Ds 208 20y vt et
asyrediotly aledcaibbd baith r@pa’ |16 @R yadlitoRsE0 6788 26: SRAPGGwn in
hannels 368 with 5 posts 362. For sone applications
FI @%Bé& Rffaftheifls exisasiprsotiicae merfereblydlisnosech gnpppesite sides of

I i < i : . .
BB S M T 6 el B MR Al grpctive
sidegsteneigpr sl y shown) nay al so be installed between

& o e o Mo e SRt R32T pr Benelzd Sheprbine sste

126,01P8a 2thp lsied 3801 i0 ASoved RAd @lRodRBly HRSHRI; s%nﬁﬁ&kn%@e? NE%e panel

for the-full |ength of the set of 1 anels. Panel s

supRstf tkaness SPe &0 maye glang i gideails 208, A9, rnd dhepanels\i60 attached
' - ' ti.ally.the sa

DRI SR 0 208, BRUSAR IS g e s

cogfinppota move almeg 86 .gulicamils, nguelt suppore framiep 0t — HORMR likewise

360 ., conventional W bea 60 may he securely
begly P4 el Y S et seatog 2bn aﬁ%etﬂ? SUIE apifs. £ frapanel support frame

- 603 00kes3Gatd thEnecsHdn R 122f pdiel R8O f
e c B 80 (séélpﬁﬁ.r]ﬁEdl g%'gﬁgl_es%gﬂes over

and the nunber of panels 260 may be vari ed I ng
panghifPddhe di stance between the end of rows 188 and 189

i Lde. d_..R i .
apl TRCFPEAR0 RARE RTINS 3hg il PR 20h B kepoming s
parléstl wed mopapependi@ifararhe casplan wteetnWhé GenEplABE 7atand the straps
1“£EQE£@%¢QEPrthfran? 360j . If panels 160 and/or 260 are
t 0" SPHEN Hpehenes SHOMAYRIL 6T AY to arfresse the ppele with
respet to2fle cestes BAd €30, DARK sEd@ng BEnRAIGL RN ed B?Q%gloegﬂ’fecpeo (see

away fromthe associ ated roadsi de hazard
FIG{WP{%&?) FHeysihe dewngreamtand of thmpapels db sndcd]ledior facthéryassist in the

jﬂﬁgm Hﬂg . r mes 60 or to frane
_pan%tcen |cﬁws lgﬁgﬁgﬁoegnﬁ]isggnpal © upport frames 60

depBrdirmge epteasion 804 0Cc8lg Seheilyt MBve ifl AnisbP 3fith tHRARSPective
Owl| attenpt to rotate, as panels

s panel SERRort SpeS Pty 600 vBieitamp griensiersopiere in a direction
genbhBYBaafid 18tk phiAY _ﬁﬁfs%&f JONERL 3bbiD 91 {ee FIGURE 22) moves in
unison with the respective 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. Bach 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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25 guide rails 208 and 209 by inwardly extendi ng
projections or tabs 67 underneath beam guides on the
rails. Referring to FIGURE 23, the vehicle inpact,
during a side inpact, may be transmtted from Wbeam
panel s 260 directly to adjacent panel support franes
360h - 360m Panel support f#@nmes 360h - 360m are
prevent ed fron1rotation by associated strut 30 366 and

t 2 b l 364
ARy Befer bondrpond oh loie Al it e hufrrele fpenabte e
hsykat EII‘ﬁtbglevaﬁon&iérrhﬁgs &36i de i mpact by al | owi ng
crossti.es 24 _and bhase plates 364 to deform Much I|i ke
t he 3%?5%?& Rack & FIPRE derasihe prmsbagreh fiapeicoiisies taimove along

ﬂ{ehgtﬁde B She B8biGsIARL 551%] t|h§ danﬁiogigné {Hé%ﬁ of ﬁglfﬁ&j?ut guide plate and

decel erat’ion forces ap I npac
theaHfally @Omiﬂ}%tr%hm ]32 ﬁowﬂﬁﬁamaaige& thepaoentaduide pletediln. The hook
or side_ inpact

ft |
oS R Bt o ebEind SRl S, Sprslnedhe mone
var i ausshbeatiirISURE e9A! the o@bERE Mnbihdd SasSSHIRM ﬂi%@a 110g are

Ene y ahsar hi ng system 120a includes first end
SHagR %@fﬁa%iﬁ st eivay fiom thsevidscaiitl ik the dllZQtoxdoﬁmfﬁed Thus, a

hé¥k BLE Rucil Qs e S'Elﬁ)?to&)hﬁéﬁgd { O%%ixé %?teﬁ?éﬁ rSGG) %Jéugr;w%aetween the

expressly shown). First en ener gy
gude radrd0020d an dutbagd anehor hesemblys(shat @riukiadatd/archer £96mbly 110g)
Ener gy .absor bi ng syst em

nf,i urail on .and di
wiBl' e O utp 156 TRE Firep 154 Bregitable Job Admrab mner cdge
1mzseemmv9&ha¥?xé&s RY gli€e %§Cfﬁh9$9%ﬁ1% Y1119 ; ga}écgontact the

left side flare. Second Side 132 escrib
inper 4dgg 1862 pathbe &rerd forard themvidet fads. @b odthwerit anchor assemblies

R PO BN TR BS SR PSS hRord AFrcad o gt on an
upsaean pondl imgayr astoid nentan dvidi HRES doREstR¥BERitbdRd anchor assembh'es

T I T N O
602240 HieyapbSils RPEPatsHREha Bideidng 6839 GidkAHE yanps upon, the outboard

configuration and di nensi ons bas 1n par
anahfgtaaﬁwh@étl Wifernd pass detivesh thowsbd88 aactebr b8Gnsiids amOg Thaus,

: t h us co nent s of
m@%ﬁ%bﬁa Iche ?%éﬂmgf;%st 3@%2@ %Ey %glné n?d% fpact to the energy

energy :
absoybme systaa) doyhotlinggpfeseaiiva nbsd ﬁ%ﬁ&%lliﬁ%e e fHe% stleﬂnn e

130, Fi,rst sjde 131c _and second side

gend P HRFrehimen edze 30 which ibendhe s gldataSI tbaswebal 16a, also

' serfved 44 PRisOh RESOEE & @%uﬂyglqg%% ! 1 ?@ Io% Isﬂ;_)iatfélot to

portiogn 131a of first si 1c an |rs
mt@ferg e motiei @fethq@obkebaﬁendﬁgmm 221 iynypet, aI | eI w. th

eac I r n 1l a | east
por ?I %%u@%? % ?%lrb ?ﬁ%@ %0&3&%3@%68 rliﬁ?lbﬁf SPSTEfi gifle 132 are at
an tmgle tithi rel€pedidd ehoBNADRi16 3R RS Q& Lindhan hﬁféiagt)ése PantBEle with
gﬁgﬁe relative to first portio Jm
resB%ﬁt 9 rpotioryef vehicular traffic, reinforcement 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 clémp plates. As shown in FIGURES 19A, and
24-28B fust cable 501 and second cable 502 may extend longitudinally along associated
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second side 132 may be di sposed at approxinmately the
sane angle relative to first portion 132a. 25 Wen
energy absorbing system 120a is in its first position,
sl ed assenbly 40 will Dbe slidably disposed at first
end 121 facing oncomng traffic. Second end 122c of
energy absorbing system 12047 may be di sposed adj acent
to a relatively large, w de roadside hazard (not

exprgéily shown). Second end 122a of first side 131c
Pfls SUtB Pane st pmessiofb ijasspideed siod prsgrably 40. The free ends

ALREDSE Wt 51)2%?)‘? Be E&%?%ﬁfﬂé )E/%E)Eéérﬁv? :%?@ 368 9% PR xtensions

a 30 conventi onal™ guar expressly

| ushgwadiousPenhitiques 4@h bs cibld ¢lasps $H00Sce FIGURED 7. (Ritst cabide 501 may

132 f second si 32 . of h ' d a

K357 abra DGR e a6 it e fahlses BRFORRRA Riwed rasfivugna 121
Aahd pinel duppor B8me BOQXhdBEsEcdbPS01 GoRBO6Ver S84s 208, 209 to
both portion 45 131b of first side 131c and portion

wrap grognd apupiight 8t spsondonddy ohded paspblyfiend loop back to the wing
- QX I d ) ] ' Or L] .
SRR oIHE S0 SHP by BERER: (bkoddly“hiitib BObondfimately the
lagiatien Q:Bpmlebslei:mé ditaing 60ac gﬁmmheab@ﬁﬁﬁﬂfbélgm lulp;imlﬂaxppmb lalong the
suppor,t angs si gnat 360h-360m and . tiple
SSERR PGS 150 A Ray 67 yRPEd Sl i abRete NG shicayna g 42 of sled
sesBly 4 dndVieidand 351 :
By naeiiind TSI IcRRBOR/ L B o r Y alR P support
framg 69p.c iimshenbie 80k prrseagord calpp 562 Providadeddiiinal frasien support to
. [P I . be slijda
hPRYebId B 4 DPARUASEINE Prr BT T 2 Fo¥ some.
apphpatedng regblee BDL land SR idieys be Herndddr with evies #6pt efvidghe diameter of

ener. bsor bi system 10 120, 120a, the sled 40 is
2 Qfgjgl%rﬁﬁ’o"’lefp@llﬁépévhabsorbi ng assenbly engages. The
panekirst SRR {ridad¥BendOmble 569 BrovRyeE @diﬁﬂﬁ] A& Ihedfnd tensit
rails 208, 209, and the paneIsBi6O a?tac ed ?%e%%tdl enstie

strcapidiste ghlewateaprgtivehsidesci 31, dB 1¢ aed 32 de satiafiotorilpgedirect a vehicle

. di scus e G i nues. to ve. al
S R o RAR oty by UeBED (PR B8 8 SRS 1P ancor
132 favd sean el of appr?ximt:lssns@em riegtbéﬁ(?")m?&ﬁbns ?ié S£6bc1)es 501 and
ong, t ide rails. anel support frane C
SR8 v dfstirel e EiacBn duinh o epop ARG naORY fFaer dovastceam
lobdtio o xiPBk HaRtIQREHRE FaR¥ 860h W?ésgéc@ﬂrg glgﬂ%m%[sp&g%&?wiﬂl sled
gui ai I's 208,

160 change their orientation to th

aspaly Béc Brbragblesidd ang 402 magthearbe rivrmedleopghn theduwhmps of 2 lower
paﬁgﬁogglﬁ%%gggﬁt epp.the joint plates 74 and the

stra and al l ow the panels to change

or i dfigvats 28A a6l 28B v partiedsH chbie 58D AHR.cHt td rde extension 80d.
line 130. The sliding connection

res ecg .0 the center C .
Fqr Z‘PEE‘B Hdespegiiveslamplates 594 may be securely attached with associated
bent plate 74. A generally U-shaped cable clamp 506 may be inserted through an opening

508 formed in each clanip plate 504 to secure a portion of cable 502 at the desired location .

‘relative 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 hazard itself. The cables can also be .

extended into the wing extension panels 260.
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FI GURE 15) all ows the downstream end of the panels to
uncouple to further assist in the panels changing
orientation due to a first end inpact. The frame
extensi ons 80d - 80g generally nove in unison with the
respective associated panel support franes 60d - 60g.
The franme extensions nove ing@a direction 25 generally
parallel to the guide rails 208, 209. Each hook 117
(see 22) noves in unison wth the respective

fra néS&Yeﬁ%é?f&H@ syftRE 48ar sh Wmﬂ%vé@ éng Bk denosirdtes that
188 €lare b2 Arsk Eiﬂetﬁ@? afd &@% nd didd 418 r% nﬁflglllzl EU firzy, absorbing

22), noving beneath elr 1ni t| m)un
sysiam 428 Ghalh@ enotlic Zxahplarcd ah kaerpe sbm:lbmg eyt Mm@diisl @ccordance

USRS RO &5 B Rl MR ASETREP I ook 117
r | desx pheald) di Bdgﬁt hafl shp;fotrﬂ ﬂﬁmb§ 36@53216{55'1953?@6 Hé@&f lwith energy

xt ensi on and the_ panel port frane. shown in
FEIRE systom ARQ fealjogy Wéf?qcpﬁ‘wldf@l Bdread d82 kﬁ@b@\ﬁmdtahmnous angles

ah@ hﬁac@(?mﬁﬁgaﬂe &E'vﬂ % Ji%n%ﬁ? 8\8/%%3)%11?1 X\/Aﬁl?,rp %gu?d 460b

panel support ranes can e
mfyi beeslidalily sitadhed mﬂn@mﬂﬁ 28 20R0 @Kt fahél t;@peﬂt dhaaice 460c-460i may

ook S B0 DRk s o i it

splitigasiel subgorhBalnes Ubelasyfyeomi:h %s rr e régcotn@n 48P  angle or
the nDunt gU|dewﬁgate and 5 th alls from %e
flpze0f| TpSpgCLivEr sidrs\i3d tand Aap. éi@necbﬁe Dh@omdmmbhcgmsswnmieaﬂé{) may

albdBe prbDRICD ROHquitBi/BD odcH il P g%%zt [Eap agp contacts

ranp, repea I'ng
FI &%ldsg,éuch hEESQiUtrhﬂOMplamhﬂ? daea6el)| d@HeldRe wihl#8Gnergy
ngﬁ? %% |ncrea3|ngly further away fromthe gui de

d| rection of traffic. Thus, a hook 117
( sucmmgés As’fmeccraglmh@ 9&5&84?}161432 & the @f?& étlﬁi‘ ke e%?%% gbsprbing

pass between the 10 glide rail and an ou

SY&WE%@?O asaehimess 43 G‘ﬂiﬂ@sar@ ¢f bsapid tmﬂ;lmdinwahts eidbs ¥31, 432 to be
Xalo)) vier.si er 136, .The ranp
mbfitto M 4B ad IV ER LED e nd S e Golled (G e Bioby e imsice
of2h) pa:ubhtlﬁﬂ andso thh e]ng ¢l Gpri ghit 145,.43TdIQh@§§(§ hdﬁ&nﬁ%ﬂi@. The uprights
nﬁy Ftac t he g%r edge 136a_and_ be forced toward
Cap g S5fs,iTPACh Wiecihe PR dhafs 1r the slowmisrdas side feftthe sled
asédibposi ti oned downstream may be spaced far enough
apart that the hooks 117 on an 15 upstream panel may

avoi ldie dingead 30 vatonlnsensas Hmgosdurmgrmssilion bdtRrabey absorbing
FI GURE 24

SRR e RS BV B b U e
asdpynbiya0 ﬁfovbd sloAs a:@cgua:teqdﬂg‘ PEETR08XhE RS0 Wt %%epanufcigp on each

déhe ra upon the outboard anchor assenblies
St tb%%v&%rﬂmpﬂéo shanperaryallonet by thshingis436s 110g.

. TB:JI?%S sgﬁﬁ lpgﬂélbéri]}%g%% %{5%:[3? Laél@érﬁﬁﬁbing?e 'of V%ﬂé llt?dl% 54 aStl erégto be
independently adjusted with respect to the guide rails 208, 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 panel support frame satisfactory for use with the present

invention is shown_ in FIGURE 31. Split panel support frame 460h may be slidably.
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20 absorbing system do not interfere with a nose

i npact col |l apse of the system The tapered inner edge

136a, which is on the same side as the web 116a, also
serves as a visual reference to ensure that the web

116a is located inboard, so as not to interfere with

the notion of the hook 117 igga first end 121 i npact.
Because portion 131b of first side 131c and portion

132b of second side 132 are at 25 an angle with

epgagpé ptithray slideidy dispersd pnignisle rail 208 ved Ouilboatdragachor assembly 110h.

Ogllk rect gﬁ&g veﬂ& pléﬁl%%rdgf ﬁi&lﬂmll ﬁfp%%t é)%rg?ﬂt papel sppport frame

4¢@Enel s 160 is desired to mnimze the pOSS|b|I|ty of
a veglcle aSSI throu h the panels. At |east on
cabl SPigeskt Famesctolrmay| b WO&PIHHB*FE‘@%%IEB&M 461 and 462.

e b, AR i SR o

-~ at

cogpRpmen 46 lsmth [pproxEitdy e samerqyeradbenigimtjors yst éimensions. The
o']zﬁfgpmﬁﬁg laglg gnspnx nﬁgaé/cr%g clud fe)?é)ng %g? % ! e\éafng ltoe ’Sggcommodate

- thsrfnmor spdeigUREFechOes aI30 and44328HRdf defiebtivflige R 20Rdnd 209.

ext end Iongltudlnally al ong

d cabl e 502 na
B‘i‘g%fgfg %‘?3 ffpaﬁt?é Jirgt gmopeRt A ewitls sesebd compeneak462. Each
gﬁhc'i Qu kAl 860 ﬁlﬁi ﬂge Sg-@%’ %xﬁeo osEE@S L4688 C% &Hl%ﬁSIOI?J and an

1 and 502 ma respe
ov]gcaé,lt @Dﬁ@ﬂratlnn tcherespondinge witheisb68 or 6 iofi paned rsingost frames 60. For

o SHUPLBUG HORELS, EL AR A0 B38| BB acrne

 asthiavisg a%eﬂ&aﬂﬁﬁfanéﬂ@@r&ds%ﬁm%)coﬁﬁ%ﬁﬁﬁoﬂ he first end

121. 5 At the panel support frame 60a, the first cable
501 4% %%moﬁﬂ%ﬁ%é gt panplssuppert fizps 469c con aplply bear on
th@%ﬁ’lﬁ@ G By Qﬁt’i gﬂtthtﬂlt s%‘éﬁ%‘gutsgg‘d%cﬁgr a%ée?rﬁa eﬁl PETPhYHAD side
rstsi

and | oop bac ension on
m’byctewﬂeﬂndlmgeld |lé@dhfahdo}c ltl A eand aeitamsd mha:pmmblp@t@bm the split

t i 0 anel su Second_cabl e
papf) Supcl Bbin® Troff BT tn BRRCh et et 308 B RGAeN shsfic gatt panel
suppat ﬁfaﬁe kedwoaRpedhtiR bR handls PB0,GS bicRettBd bPe h%k 117 engaging
second end 42 of_ sled 10 assenbly 40 and extend

thepudbrsnd ppghor Pﬁﬁﬁ@bbfrlégls andithg fsgsomipopens 16X bering pathel guide rail
2094 ool A5 O € BIP End 294 30 A0y 396002 B Dl rame

502 provide ‘a dltlona tension sup
maves pE ot Ithﬁeoﬁtbmadl andhdeast@dblgnd Osed Qﬁdes&ﬂﬁhg thd %ulﬂe gdibfoward the
Sesigew'g cts. For sone applications cables 501 and

52 e %eformed with wire rope having a dianmeter of

appTey spftipahy MR: d3abé uQll VAithduP - ﬁrgt%ofd phidnt 98P1:8 1Iﬁgé'ated by

and second cabl e 502fprOV|de addi t1 onal “anchor dge

Splttmagph %amg& 4@@ #6Qecof HIGHIRE 88 pwbereineths isetond b@ﬂlpoﬂe&l bears on
edl rect a.vehicle
thooc Pt B ShASHRAL A, Bl R B ke ieB it poed o sl

pmmbsuppoﬂii‘mﬂesﬂwss 440] d60B 14660 d/ or

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 vanety 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




132 flared at an angle of approxi mately seven degrees

(7). Portions of cables 501 and 502 may be threaded

bet ween the hunps of respective panels 160 from a
downstream 20 | ocati on proxi mate panel support frane

360h to a respective upright associated with sl ed

assenbly 40. Each cabl e 501 sgnd 502 may t hen be

returned through the hunps of a |lower panel to pane
suppart frame 360h. Figures 28A and 28B show portions

pagels 66 wsisbside ipastnty cepreraiime widt thegiuthwagDanchoFassemblies 110

i i i | | at 4 b
ol eSO, B0 60BN S S0l 058 3D TRY Sk
firgfemdriall | Fhekishmpe a‘éfgbd:}:?sidd: m;@@aﬁmfaﬁyn@eﬂdéﬁﬁy bmg (c)hgrher side.
an open orjne (Y acC cl amp ate
In FROORE ok e ST 0 P e amoe s doe o dib
| ocatiitigh 1tBé Airkaeht LiRvdRBBER! hakb8ean ﬁe&ﬁp&i g@ﬁg&&[ Uit should be

frame 60c. The cables 501, 502 are prefer coup
ungersiegd fhabyanays chengss, sybgitationstand plieraié@m can bé Goadaeretdierithout

I - . _The ends.of. .t cabl an
oA LB PRy o Thuvoln i BEe pIEe Ebeufie e

ar to the roadside hazard itself. The cables can al so
be extended into the w ng extension panels 260. 48
Ener gy absorbi ng system 420 as shown in FI GURES 30 and
31 denonstrates that the flare of first side 431 and
second side 432 may start at first end 121. Energy
absorbing system 420 is al so another exanple of an
ener gy absorbing systemforned in accordance wth
teachi ngs of the present invention with asymetrica
sides. 5 Aplurality of split panel -support franes
460a-460i may be used wth energy absorbing system
420 to all ow respective sides 431 and 432 to be flared
at various angles and to accomopbdate various w dths
as desired. Split panel support frames 460a and 460Db
may be slidably attached with guide rail 208. Split
panel support frames 460c-460i may be slidably
attached to guide rail 209. The di nensions and
configurations associated with 10 split panel support
frames 460 may be varied as required to accommobdate
the angle or flare of respective sides 431 and 432.
Respective out board anchor assenblies 110 may also be
provi ded as required for each split panel support

~frame 460. Cabl es, such as 501 and 502 previously
di scussed, can be used with the energy absorbing
system 420. 15 Hi nges 430 couple the sides 431, 432 to
the first end 121 of the energy absorbing system 420.
The hi nges 430, which are of the pin type, allowthe

- sides 431, 432 to be
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noved to the desired angle. For each side, the hinges
are coupled to the straps 166 inside of the panels
160 and to the first end upright 41, 43 of the sled
assenbly 40. The uprights can be angle posts, nuch
l'i ke the uprights 44, 45 orsit he downstream side of the
sled 20 assenbly. The hinges 430 not only serve as
hi nges during installation of the energy absorbing
system 420, but serve as hinges during a vehicle
iqﬁfﬁﬁsmﬁth the first end 121. As the sled assenbly
40" noves along the guide rails 208, 209, the angle
that the panels 160 on each side nake with the center
l.ine 130 changes,. as allowed by the hinges 430, 25 The
dolit %{gysagmsbvlﬁ SYSR&Q MyNMRR theygsulisgf @ cgflisiogdetween a
moving, Wicit SePd roRlislePhdre@mpriggigpendent | y adj usted with
respect to the guide rails 208, 209 and to the
@blsagtione paide baving/ {irst eecbanshy depongiand] srl pport franes,

i t i .43 . ( ]l e .
Rl R o oL ALLE b BB e tin
oncomyigppadiic frames that connect to the second side 432.
The split panel su rt frames.can al so be used as an
5‘:}?&3%‘3{3 é’af"g S?W@p s S!—:‘a‘lﬁ}ﬁ gﬁ%‘??%‘?g’cf?‘e g0ld8F syst ens
136cond 2R5up A phrkBsliEipart iPiih 8 Rplacéd frof R SMBPAR! s@éur@lty ﬁmchored at

split panel support franme satisfactory for use w

respectivgdogatieasdhetweanihesrcprshendeofdtrguidd andiheagrisideihazads i t
| | ley.. 4
AR xR ORAcI IRy Mo s B bt sy AR Res
wherebyuhdbidat grosmehmnelbsnpporbirymés dndussocBuddfost glogneianels collapse
vt B 5 L 0 RS Pl
4808 rdup e Fﬁﬂ@s SeoiRR Rt edds He38@na Gratplorpagk! f@%ort fPames

For sone applications each split panel” support frane ]
whereby ¢l seaqnd; greun efrapelsgprart ames prd assesdntpsbivend zroup of panels resist

hicl sQxi,pptely the same overall configuration and
ve Cegﬁﬁensions. The configuration and di nensi ons of

gtlcanh d pontiop ofi thetseethid gnaup dfpava sumrt feanses aadendeabed stdoad
fl ar r_spacin et ween sides.431 and 432 and
group of 8%%2%@?11989‘8%}?83“?‘5?%‘1%8 W09,  Bolts 88 may be
used to attach first conponent 461 with second
conponent 462. Each 10 split panel support frane 460
fay i hBS eNGESY sprome systend Claimgl fagtherrgmuprising ot last teippanels

Lorati on corresponding with post 68
attache%ﬁb eggﬂg@%)guﬁgpﬂ ey

support franmes 60. For the enbodi nent
shown in FIGURE 31, each conponent 461h and 462h may

d i bed havi ly tri ul .
3 05T SRR oG YR Em oS LR et ive A eplesnd
second kide eiphdihg gheelly Ioippadinally BétRedD@E fied BnFaddd dchfPEndPRoximate

the roadside hazard.

4. The energy absorbing system of Claim 1 wherein the first group of panel support
frames further comprises:

each panel support frame having a generally rectangular configuration; and
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15 the guide rail 209 and on the respective outboard
anchor assenbly 110h. During a side inpact with the
panel s 160, the hook 117 and out board anchor assenbly
prevent the split panel support frame fromnoving in
toward the guide rail 209. fjotation of the split pane
support franme, and consequently of the panels 160, is
prevented by the hook 117 engagi ng the outboard
anchor assenbly 110h and the first conponent 46 |h

[ [ rail 20.209. ring an.inpact
e el k2Bl B sporR DX e P it TR e i
group plpaetl sipporeframeves of f of the outboard anchor assenbly
110 and slides along the guide rail toward the second
end 122. The split panel frame can be used w thout the

f3.r st 1HRERGRSE Absofifids syifent bt aHE Alghep
T ames oqary doscitie syt of Egh P Aher Sormpiule e encry

~ absorbizg by disesed adipcenD® thhguidrii de rail . The first

conmponent 461 fornms an inward extension and is used on
split panel support franmes 406a - 460b, 460h - 460i.
$pl i t Thaweedrgy aippdring §ystenes A6y 1 furdEdcomipridingza 1dalen portion of
irst co nent 461 as a,leg.. The first conponent 461
the firsh 0B A PTB R P D Gt S eis st e guide 2t 41 Ustgacetp! pppregimately

one huhded Id3dReshlihched MO the Sikst eRIPAREHstehPl 1S bolted to
the bottom of the second conmponent™ 30 462. A variety

of configurations of the split panel support franes

gan b P L] Q%WF. I - [ Lve

gﬁrpogggk%%?i. ‘%£%§||i‘%gﬁéﬁlgﬁ%ﬁ%#%&ﬁééhé% support

taHest5dle eptonding gefdally leagititdirmilg defwepn defirbtyend anp & s@bhdignd;

wi th the outbgard anchor. assenmbliges 110 _and al |.ow t he

Ao ide spacef drogy BF Gt SicG AR Pirendiie esprally Rneitaginally between
the firstlétid #A@ adBedndRAg brdx@nitB the rhidsile HAH4;121. The divergence

of each_side can be adjusted independently of the

st dderxtending gepepirpmallel prith the gidgandhas a | ar ger
HOREGRNGER | | : -
AR b PO A D M et b bR Bipd assosiaed
second gl of pheels dispheed dtdbalartghatel atiae tooths gaikdanges,
substitutions and alterations can be nmade hereto
wi t hout departing fromthe spirit and scope of the

BNVentThetneagy sbibietkybiém! JFEIARPERGBEr Cnfir¥hg; 51
C%@%NB: 1. An energr absorbing systemto mnimze the
P& iside cafending genarallydangiadinalin befwenm firg end:#ded sscendoend

S Second end;

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 side having a 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 a portion of the second group of support frames and associated

second group of panels disposed at the angle relative to the guide.

9. The energy absorbing system of Claim 1 further comprising:
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the first end of the guide correspondi ng proximtely
wth a first end of the system facing oncom ng
traffic; a first group of panel support franes
slidably disposed to the guide; a second group of

panel support franmes spacedsfrom each other and
securely anchored at 10 respective |ocations between
the second end of the guide and the roadsi de hazard; a
first group of panels slidably attached to the first

. c r{ fra wher eby. the .first grou
of BHSEsi8; cE0EL: SABREL ook AIRAL VLR Rk Fapn b g PR
disposppeksnatothk agsleide havaed:d t he second end of the guide
when vehi cl e j cts the first end of the syste a
SRR Sé‘%ost!? C%lrtjmgﬁ@f@ﬂ%@tﬁné |e§tegihpa6ﬁ@aalkydoqaa@d@ghbhﬁween a
first eridl 26 R s8donBRAE brox HPAOTHe rbdRIBhazat@® Whereby the second
group of panel support frames and associ ated second

dholipt ead fdhefirst sideangkthe fieshnd of therpaond sidadigpased proaimate the
' 0 he second group of panel support franes

ﬁmta@ﬁgﬂgégggpé%g% second group of panels disposed at an

ahgfisst ergl @tthe/Brst 9d¢ dre theficke en@6X tRe sebbrd ddesgyed from each other at
2 fi t$q§orbing systemof Claim1 further conprising at
a lrst (I38%° t wo panel s attached to each panel support

frame. 3. The energy absorbing systemof Caiml

further conprising-a first side and a second side -

¥ endibsgnejer absarting systegt efifclainal whetsin the ehleast ong gyide furthe

« d end proximate 25 the roadside
com@nﬁ%%&%@%ﬂ%yﬁgﬁgﬂhnergy absorbing systemof Caiml
wherein the first group of panel support franes
fyrth conprises. each . s rt frame haying a .
ddner S‘fhﬁﬁn%x PR et eh Garn ] fther SOIEPTISINE 4 fgasta portion of
the firsBSR0F bBpREIsldigpdiedi Y B rdbANR IS tHeLBRRCWItY HeMirdidr ¥ Panels
to opposite sides of the first group of panel support
and thersegpdgroup ofpapels freming apbsiantially copdnusys barier. ai m 1
further conprising at |east one energy 5 absorbing
assenbly di sposed adjacent to the guide. 6. The energy

dBsor Aihngnayy ttesmbidg PhizinnoflClhium 1 fiethec compristigng at

| east . rtion of ~the firs rou f panel s

a5 B g ol Pttty B P e fi ¢ 3f thy system and a
second @hé URPERA pfox@BRE thel roRfsRlc)hazBe hundred and fourteen

inches fromthe first end of the system 10 7. The

afergy siglsspiase figmsthe fieskige awy extending ganerelly langipdinalbnkptween
the first end of the system and a second end disposed proximate the roadside hazard;

the first side extending generally parallel with the guide;

the ﬁfst side including a portion of the first group of panels disposed at an angle relative
to the guide; and

the second side including a portion of the second group of panels disposed at the angle

relative to the guide.

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

at least one cable assembly securely attached with the sled assembly;
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a first side extending generally longitudinally

. between the first end and a second end; a second side
spaced fromthe first side and extending generally
| ongitudinally between the first end and a second end
proxi mate the roadsi de hazaggd; 15 the first side
extendi ng generally parallel with the guide; and the
second side including a portion of the second group of
support frames and associ at ed second group of panels

gfrl%é 85’0%8 9 sg%?l%%gte%&%g %ener ii \ﬁ% fflﬁg P%h% m Ct]ae]%f:q %ﬁs%bly toa

panel sﬁ@pm frlams flocated beﬁ)ﬂd@ﬂdceﬂl@n GaRs thk b()i‘tlbﬁ) Boiht pelhdinkeysect the other
be mee a first end and a second end spaced

panels;af, i#i 1y fromthe first end; a second side
Sﬂﬂ@%&' a§sEﬁHﬂyta|ﬂ§ tid dable ﬁéc@%lﬁ @P&Eg@ tgg,-aaﬁ&ﬁéﬁb In4intain desired
tudinally between a |rs a second

[
tenswrp%gwe iesoeiated @rqupand peerds whemihd sled hssefnblysis dispolsd lataths ﬁ!gst gnd of
nd proximate the first end of the system 25
thecn%%éa%g§0nd end of the first side coupled wth one end
of a concrete barrier; and the second side including a

ort| e sec of support franes and

a%soc fgﬂ@gb?ggt hSLGRIRRIISHIBs posed at t he

mb&ldrcebetasééﬁlblyos&&ewﬂggged with thB §1e8 &%ﬂﬂ;ﬂﬁﬁ%&h&ﬂ

systemof Claiml further conprising: 53 a first side
gencrally {neihe ifing digediion 40 pyothes saproticfraveg dispdsed owamopposite side efithie crash
mmhmﬁﬂﬂda second end disposed proxi mte the roadside

a second side spaced fromthe first side and
ah¢ godl assgnlgy laﬁdl ﬂ:lel s;tcdndrogblb askiembl sl gooperttiewitha eadhi otlsdr to maintain

. nd .and sec e roxi mate the ro i de hazard; 5
desiredggiGH S e BT S e peposL HE REiDE Pragh OERi o1
the second side disposed proximate the first end of
t he s%etenl and the first end of the first side and
tlﬁe f i 1thg cragh gushiontd ClajecbAwther epnprisinged f r om each

%I ng al %&i‘%}%%n}dng %I ai rrI:E tldlga%telé}lgﬁ%&{lﬁ f &ﬁi\é as(% one
ghn ﬂrst gmup hfqrane]sonqbthesseeonﬂ goaiprofphngisidideosedin Sgentially
he rb|n stemof Cl.aim1 further
Smmegb“r%b?‘? ‘éu?x’f q zg’a‘t@ttg Hle;yJB‘?ﬂ‘WSWa]oEP“S the first group of
panel s di sposed at an angle relative to the guide,
with the first group of panels 15 and the second
dPoup Asengezn absorbige sysigm o mimiwizgthe rgrults of gsollisigpdstween a
Il‘lOVlll%)‘@Jhﬁﬁi’](g %ndc%%adsT&eklagmr @l¥ eﬁg‘ﬁy El%oﬁﬁng?‘yﬁ{emo%pn%@ m1
afirstend and a sccond end with the second end disposed adjacent to a roadside hazard

and the first end extending longitudinally from the roadside hazard in a first direction toward
oncoming traffic;

a first side and a second side spaced from each other and extending between the first end
and the second end of the system;

at least one wing extension disposed between the at least one energy absorbing assembly

and the roadside hazard;
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a first side extending generally longitudinally
between the first end of the systemand a second end
di sposed proxi mate the roadsi de hazard; 20 a second
side spaced fromthe first side and extendi ng
general ly longitudinally begween the first end of the
system and a second end di sposed proximte the
roadsi de hazard; the first side extending generally
parallel with the guide; the first side including a
' L t a Q n
%E‘%‘s{ Oﬂlﬁg) of hl?e ftlrts{ s‘?cﬁeh&%d%ilep sc?gondosuge (gépots%dz chaé tlastlﬁ‘/a éo each
other wheretyutlé E]gicﬂlgrlﬁfvt'deﬁ Iﬂlfﬂirsttsmh e el stcgidide a(!fthmt'l@idSend is greater
di sposed at rel ative to 13. The
than thegsg @a/beéwg%}%ﬁ 'S & FuhihEpoiend sk & PR REEF :@Bfpr | i ng:
AlledsCiRlen aﬁﬁm)lﬁ ﬁ@s@ﬁﬂw dispoSédHt ﬁjmyﬁl@!t énﬁ%lﬂﬁfé kil ab&bing
sl ed assenbly; t e cabl e assenbly extend |n%
system gyeh dhabpolljsipm of h‘éefmlﬁs with dlher farst ¢ndnv1ﬂrcemetthfeer@ry sorbing
frame | ocated beyond a
assembl?‘?oc' 81?3%&\&: \iﬂ%eﬁc Bfeﬂél po ‘%)pe%é

oca I on of the panels intersect the
other panels at the angle; and the sled assenbly and

bl e assenb er each other to
f‘gl nt er?nﬁr@%agi‘ﬁf"%% sg‘%% {:Iiaﬁﬂl ﬁg%gg%?%ﬁl% group of
mﬁghﬁilﬂmﬁﬂs EendhEFoRIBENRE ohd t6 ki RBARKRGdat the first

of the crash cushion. 14. The crash cushion of
etuif'@rstrﬁ portien efibe fiesh pige Pxipnding & adusinmglegalstive tedhelppgijudinal
ecurely engaged with the sled assenbly and extendi ng
O generally in the first direction to another support

dt leasten pﬁrﬁqnnsfﬂ:ﬂe sseomdsidppaaiding #iadecontl ahfle relatisstto the
loneitudil ihlo and the sled assenbly and the second cabl e

SIS y cooperating with each other to maintain

desired tension on the panels extending along the

EﬁpOSlte side of the crash cushion. 15 15. The crash
shi ‘o eaerepahionbing systanmef Claspdy futhsgcomprisiigfhe Gt aegle

app_mxilgﬁtgs, gﬁ%@@ﬁ%@gednraah first direction fromthe first

irst group of panels and the second
group of panels disposed in a generally synmetrica

6 Al Shereg ity i 85Cnt { Bper pomziiiib® Fuk freig laree
than the@écoad e@dlk.] Si on betmeen a noving vehicle and a

roadsi de hazard, the energy absorbing system
conprising: a first end and a second end, with the

REC 0 Rfle %H&gy iaﬁs%?uciﬁg sﬁ@n’f"&f@lﬁuﬁ P6 M@?%ﬁﬁ%i%@ Fitkt side starting

at the first end extending at the angle relative to the longitudinal axis.

axis; an:i

21.  The energy absorbing system of Claim 16 further comprising:

the first side starting at the first end extending at a first angle relative to the longitudinal
axis; and

the second side starting at the first end extending at a second angle relative to the

longitudinal axis.




and the first end extending longitudinally fromthe
roadsi de hazard in a first direction toward oncom ng
traffic; 25 a first side and a second side spaced from
each other and extending between the first end and
the second end of the systeqg at |east one w ng

ext ensi on di sposed between the at | east one energy
absorbi ng assenbly and the roadsi de hazard; 55 at

| east portions of the first side and the second side

St g sBtwganFiat Fiofen Sciptn TRERE OSonrlit 67 Yt e ma e

second s Ieetgrbeandlly SyranemtalrelatibiaRipt Wieh &RRoIRY bet ween
" the first side and the second side at the first end;
and at | east one energy absorbing assenbly di sposed at

the fi : ' :

Chat | o s amominE ERRLPACHRR 6 Redd coymi e, AFfae having
5  the at lgastiouc wing eatvosigy. absorbing assenbly to dissipate

ki netic energy of the vehicle. 17. The energy

absor bi ng systemof Caim16 further conprising: a

12dnQi tihelienaky abdosbigX$yeteel GRCIhin® 16 filtthef tongdriskigdl to t he

3§$€%d'§nd;'lo at | east a portion of the first side

bisifighayingn respestiveRBES feBpiani g to t he

g bnili M avirid RBspedivk WinglegRdiof portion of the

second -si de ext'ending at a second angle relative to
10 the longitudinal axis. 15 18. The energy absorbi ng

ste f ' 7 f e ! I S he first angle

28 otk ebiad st BRI ASy dotpsineT
enkzagynabagy dxitengion ferexhin parCfremaohvertionil W besh BpsrdediNginels;
the first angle larger than the second angle. 20 20.
The energy absorbing systemof Caim16 further
QYMRET 0T gatdd Suppbfi Hanb de starting at the first end
extending at the angle relative to the |ongitudina
15 axis. 21. The energy absorbing systemof Caim 16

hyrth 11S1.[RA: h LIS tde. startin

2B ot The SRAR, Wl SRebl Qe e ShESHA! pplPpdbor Bme

further kamnpfies dismaport i, 8 sugpoet gléte asdes sthel didpdedsit aif hrighgbativeen the

the fa end extending at a second angle relative to
support e s g : ’

and

iSERRATROSE axi s.

20 27.  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;
25 a first group of panel support frames slidably disposed to 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;
a first group of panels slidably attached to the first group of panel support frames
whereby the first group of panel support frames and associated first group of panels collapse

30  toward the second end of the guide when a vehicle impacts the first end of the system;
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56 22. The energy absorbing systemof C aim16
further conprising the first side and the second side
having a generally symetrical relationship with each
ot her. 23. The energy absorbing systemof Caim16
further conprising the firs§; side having 5 the at

| east one wi ng extension. 24. The energy absorbi ng
systemof Claim 16 further conprising: the first side
having a respective wing extension; and the second

havi n ectlve tensi
chSF ol b0 en S GGty Rt ths 6 omplperer suppiit rames
wherelgyothip sécohd groupof beﬁﬁBﬁuppBﬂ fiainieg aﬂis@éﬁdté&heﬁ&{d@dlép Bf RAEE resist
from conventi onal W beam guardrail panels;
Vdudpv%%%S ?@-of panel support frames. 15 26. The energy
R0 &V&ttﬁé'fﬁﬂf '
ﬁbgu %lgf'ﬁlgghp 1s'MAE5 Bt dg%?%t nQARGh theaﬁrst direction

support frame furt rrses a su post
and at &aﬁipmortrqﬂ dithe sgpehdgrowyy off padels pasesteand dinergeng dropethadien
mnmh&pe support plate and the support post. 20 27. An
energy absorbing systemto mninze the results of a
collision between a noving vehicle and a roadsi de
at | east one quide having a fir

zard co risin
gﬁd e LR Compimizs dhe results o AGovision fetwrgn gachicle and a

roadsideHabRaRRPrBRAPr OXi mately with a first end of the

systen1fa0|ng onconming traffic; 25 a first group of-
panel a8gpgsey ebsprhummassernblyastepdids spoSetidirestion &oguthd Grst and of
ngroup of panel support frames spaced from each
thema%fﬂgﬂgahd securely anchored at respective |locations
bet wepiurilipandebontdd end fiodt side@f ¢ieiedergg raﬁlsdrlhﬁg a@aﬂsly%d

cxn TR i BB She B S SR ot e

first sidet r st group of panel support frames and associ ated
first group of panels collapse 30 toward the second
end ofhanseclybades ofiesh sectipn Hiat iscgenerplicats fitsteorfeintation it respect

to the fﬂ’gt &lggte(g'y fi‘f q’ﬁt sectiondf %gﬁequxt&d? ggm% tﬂ:c)eafnr%‘tI ehd¥S fgillJ %één along

second grotp O support
1heﬁmmhé¢eh¢ t he second group of panel support frames and
associ.at ed sgcond grou anehf resi st
the panels having a Secon sectlo extending from the 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,

29.  The crash cushion of claim 28 further comprising the first section of panels
operable to generally move in the first direction when a portion of the energy absorbing

assembly moves in the first direction.

30.  The crash cushion of claim 28 further comprising the second set of panels
operable to generally move in the first direction when the portion of the energy absorbing

assembly moves in the first direction.
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vehicle inpacts; and at |east a portion of the first

group of panels has a first divergence fromthe first

direction 5 and at |east a portion of the second group

of panels has a second divergence fromthe first d

direction. 28. A crash cushjgon to mnimze the results

of a collision between a vehicle and a roadside

hazard, conprising: 10 an energy absorbi ng assenbly

extending in a first direction fromthe first end of

the crash _cushi.on: pl ur anels | ocated on a first.

STl R SR o s MR B o et et hrpes o
movablenubiatiby tHabmohes dehérally fh the fikst @Rectiol SvHRA IR fork@SdfIhé Hlrey

an inmpact froma vehicle with the first side; 15 the
absorbﬁ&?é@mmoai@s i thq furst dizestion &l Alipompgisgembres supsegtions with the
movabld $ubkecAbh Eélh%El'o@é? Mt Fir&RAR Bfh thd ﬁlxéd]fbﬁbietcﬁ&{. .

direction, the first section of panels extending from

the first end to a location along the first side; and

t pane i.ng.a second secti extendi ng..fro he

12 of PR LR RN s B PR R P e o
vehicld andst roadsidediaizand, cdnfpgisigcond section of panel s

intersectin he first 0 section of panels at an

ang| e 22 58°reY ghsoghing pssemblyiexicoding i afipst dueqtign fiqay a first end of the
system€ONMPri sing the first section of panels operable to

generally nove in the first direction when a portion

of t he fssiesidplocdeiormyinegideas therapkngyrmbsabing assemdlyf i r st

di recti rash.cushion of ¢l ai,m 28 .

fur ¢ e ORnd S earck U SOAS G SIDE Byl FPURscmbir

t 0 getier st andrsescandisivet beehfcomptisitly peedd, dit fivsendsb@dnd sides each

. ..portion of the ener absorbl ng assenbly noves in the
resistinap PR PY 2 PBRIS 1B H1E ISPESRIE BARSRILAIGR of ol ai m 26
wher et firseandteaiid skiRb mbinB 3Bfd:r _lycfﬁrfﬁé iR &iré& (iR WABA & vehicle

) subsection that noves generally i'n the first direction
impactgfhedirstigad pbtheisperafandhe energy absor bi ng assenbl y

; : . i onoand. al . .
roves o U SRR SO 35 e
portionadf tlseefirst sidd due Yeiotishted mdthtréspacttid eheffirmatirestidisiadépendent]? of the

d32 An energy absorbing systemto mninmze the results
secondsider ¢ol'|i'sion between a

33.  Thecrash cushion of claim 32 further comprising panel support frames coupled to
the panels of the first side and the second side, the panel support frames coupled to the portion of

the first side being separate from the panel support frames that are coupled to the second side.

34.  The crash cushion of claim 33 further comprising at least one of the panel support

frames coupled to the portion of the first side bears on the energy absorbing assembly.

35.  The crash cushion of claim 33 wherein at least one of the panel support frames

that is coupled to the portion of the first side bears on the ground.
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vehi cl e and a roadsi de hazard, conprising: an energy
absor bi ng assenbly extending in a first direction from
a first end of the system 10 a first side | ocated on
one side of the energy absorbing assenbly; a second
side located on another sidg) of the energy absorbing
assenbly; the first and second sides each conpri sing
panels, the first and second sides each resisting an

i mpact by a vehicle to the respective first and second

sides;the first and.secqond si.des novin eper al in

T Ao oD I B oo PR Rt ar coupled
to the portish ofthd figdt sidb Qresyppledto @etbrdort 6@bbard aRdlokd t9Resith vERISle
) first side being uncoupled fromthe second side so
impactg foytherfiget sidsor t i on of the first side can be oriented

Wth respect to the first direction independently of

the second side. 20 33. The crash cushion of claim 32

f3 t heh cshpushivnrigmisimeic thamedts offarcaltisondetypdead viehicle and a
Kmdmégﬁmg%nels of the first side and the second side, the

pané sﬁﬁﬂgPF%franes coupled to the portion of the

first aicderghabngbifgpaedbl dkteting e a fiddd @lre@ioRPBRNT a first end of the

frames that are gpupled to the second_ side. 34. The
crash cushie, the,@KTERbSProtRAsTIMbY My sablerin dhsnlirst diregtiomphenskchicle
impact® @ @6t dfge panel support 25 franmes coupled to the

portion of the first side bears -on the energy
absor lyiang sappoenfanges ng®/eabip én the fish doesionpn of ¢l ai m 33

wher ei e of. the nel s rt,. frane 1 hat
e o Rt R 1o el P ore fes FARRGipe By 1AL e
directiér) ehegranels divebfing 86m tHh@rscdifgtion ssthe pinedy ex€dndiffondthe first end;
ort franmes that are coupled to

wherein th anel sup
t he p&P]FFtSﬂipgTdste}W@mEicg%‘F‘eksia&‘é"@ﬁéh‘-‘é@%ﬁnéd to one or
Mor & QUBRANANE IRETEh R [daSiSine of HRUnGhRI dwﬂr%ﬁﬁ ivhQ
the first sidg: % 3f§;A crash cugﬁion to |n§§gﬁgﬁgrmnd&
- the cableanghered ef 2 lpcatisin tpwind the@rstwersirand alsolat & lagatagroavey from the first
roadsi de hazard, conprising: an energy absorbing
assenbly extending in a first direction froma first
end of the <crash cushion, the energy absorbing
se y noveable in the first direction when a
3§hi 21&1 © crash sestionof glapm 3 furtheg comprising, the cablpipse goupled to
Sdedfa?gﬂggu MgaRle in the first direction; panels
attached to the panel support frames and extendi ng
generally in the first direction, the panels
Lver ¢ f fi di,rection as the panels
30 nd P Pissh PRbloA e el g R
the energy absorbing assembly comprises a moveable sled disposed at the first

end.

end; and
the cable anchored at the location toward the first end further comprises the cable

being anchored to the sled.

40. A crash cushion to minimize the results of a collision between a vehicle and a

roadside hazard, comprising;
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sel ect ed panel s having channels attached thereto; and
a cabl e extending through at |east one of the channels
al ong the diverging panels, 15 the cable anchored at
a location toward the first end and also at a | ocation
away fromthe first end. 3@ The crash cushion of
claim 37 further conprising the cables are coupled to
sel ect ed panel support franes. 20 39. The crash
cushion of claim37 wherein: the energy absorbing
assenbly conpri ses a noveabl e sl ed di sposed at th
ot nbndrey Bt Seday irorior due SISt BRRPD Bap st end of the
crash cuSHAGH, thd dherglyl absdrbiR B dsseibl @b veaBIFRA R Gistldi@ctidl Sen ARehicle
. belqg anchored to the sled. 40. A crash cushion to
impactpheifftzads he results of a collision between a vehicle
and a ' L&log: . an energy
absorg?%g g&ﬁ%ﬁ%ﬁ%&?@ﬁﬁ?ﬁ%ﬁ%ﬁhﬁg ?gg?’direction from
a fir pandsaitaglied th ¢hecpanshsupperhframes, thegaselediyyrgaiesioorh ithegfirst

. ..asS I veabl.e i he first direction when a
mnmﬁggﬁﬁ@?g%egg%gggQﬂpﬂgehﬁ&gﬁLgﬂ : panel support franes
nmov ealthepahél suporf friés slidaislo cowled o apevRd s Attd aahesbtitdn when
bihe panel support frames, the panels diverging from
a vehic{qjgppets the papelact i on as the panels extend fromthe
first end; and the panel support franes slidably
coupl ed to anchors so as to resist rotation when a
viéhi clfée crapaetshionivd cloem 40 svherdein the pankh suppog Stantes dhing slidably

clai m.40 wherein the panel u t fr S i n
couplofo LRl Titihet BEA s btlash SRCO e R SuppdrBFrBe0biaftl on the
energy hbsbing B8anblylané beiap eburdetppeintoufioaremelgar i ng on the

ener gy absorbi ng assenbly and being coupled to an
out board anchor. 42. The crash cushion of claim40

wher eirfie Ligh BaRkh of Pﬁﬁﬂ 4b wheRiPHe ?Eﬁeﬁ‘ Qupf)lt)hq}%me)é beﬂag fsiidably

_ coupl ed to anchors further conprises at |east one
coupled toeanplgre furthapguonprises atriesst oreafithgpanel support framenlekasing on the

_ i upl to ap out bgard anchor. 43. An energy
-gﬂwndgﬁg§%g§§g3%§§?gﬂpp@0ﬁﬁﬁpﬁw§e the results of a

col lision between a noving vehicle and a roadside

hazard conpri sing: L ..

43 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 to 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;

a first group of panels slidably attached to the first group of panel support frames
whereby the first group of panel support frames and associated first group of panels collapse

toward the second end of the guide when a vehicle impacts the first end of the system;




10

15

20

25

20 at | east one guide having a first end and a second
end; the first end of the guide correspondi ng
proximately with a first end of the system facing
oncom ng traffic; a first group of panel support
frames slidably disposed tgthe guide; a second group
of panel support franes spaced fromeach ot her and
securely anchored at 25 respective |ocations between
the second end of the guide and the roadsi de hazard; a

f rst anel s, sl b attached to the fir
o S B8 T Rated o P G oot Rl syt femes
wherel@fth@ 8da6hd %r'éﬁp Of pank! QUFBSIt BBRcASHIARRIBE Jebdhl orol: affls resist
gU|g

panel s collapse toward the second end of the
Vd““%%%%@& vehicle inmpacts the first end of the system 61

GpS I r :
B PEEE L AREPS SuREr ElorEhb AR Hpoh8 ina chamncl,
and second group of panel support frames and associ at ed

segond ist vehicle inpacts; the

0 %’e&lag%ﬂ eqeéggtﬁgﬁrsimra: IBPy coupl ed to anchors

having a hook |located in a channel; 5 and each

channel oriented . in the first dlrectlon 44, The
éfter gy haBRBLHABGTRETYSITA! (pim 44 ﬁ@hPWWI%@rFHﬁq sidegving at

ieaStO&\wﬂ%‘gﬂeﬁgm having at |east one wing extension. 10
45. The energy absorbi ng system of C aim43 further

conprising: a first side having a respective w ng

ten n second si .ha a respective w ng
&5 ond S eyl e SRRy ol PR BB R o G arm
4Firbtsideh@ving @pypeivegiing bxte@dat; a@he W ng ext ensi on
fornmed jn_ part from conventional W beam guardrai

FaERng sid eé‘ﬁﬂn&aﬁ?ﬁHF‘é}VFtV?%FXtﬁf&m support frames. 20
47. The energy absorbing system of C aim43 wherein
each q@nel support frame further conprises a support
#6st , The sugpmorhisorbling systemdofLlainy 4/ fudthspeowutisag: an angl e

B0 W BB B BRI, R s

and coII|S|on bet ween a vehicle 25 and a roadsi de hazard,

risi ng
E{Praﬁty of panel support frames.
47.  The energy absorbing system of Claim 43 wherein each panel support frame
further comprises a support post, a support plate and a strut disposed at an angle between the

support plate and the support post.

48. 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 portion of the energy absorbing assembly operable to move in the first direction to

dissipate energy from a vehicle collision with the first end of the crash cushion;
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an energy absorbing assenbly extending in a first
direction froma first end of the crash cushion; a
portion of the energy absorbi ng assenbly operable to
nove in the first direction to dissipate energy from
a vehicle collision with thg first end of the crash
cushion; 62 a first group of panels | ocated on one
side of the energy absorbing assenbly and extendi ng
generally inthe first direction fromthe first end; a

f | | t t
Dot 1 nls 1BRRE o8 cugift §F o8 oty AERARNE ol ap
extendiﬂg deherafly insthe flist @iedction fromant ik chd;r st end; 5 the

second group of panels having a movabl e subsection
Gierash oy, Otgpels insated an py opppsite Fide phibe epgrealsping gsaembly

and exfeﬁ&ng %Eﬁérﬁgfl iRfthd M8t (ﬁﬁ:@ﬁ(%)é &g@?@% gfs[] th@ssenbly noves in

irst rection group of panels
the&/sasgndgrbhx etpasels Seding amovabld sultsectmchobtablestu bec gerpmlly in

I
the ﬁrs? Birrésctti,}%lé ﬁ%%l? p% ;%r oolillpolf gg% n%{r@rﬁ%g?{'bs B OS ?}? ﬁg’ﬁmg%‘f in ]éheeﬁrst direction;
- SMbsfmmi@ﬁupdﬂpﬁ@mhﬁﬁngmﬁkgymﬂhaﬁ%bjﬁ@.systen1operab|e

T S5 o o o g e Bt

thecragﬁ@gﬁ{@hym@ﬁ{eqagﬂg\g,sé@mﬁ first direction froma first
end of the system -a first side |ocated on one side -

of the energy absorbing assenbly; 15 a second side
l,gcat S n
902 Sk A e Sl S RSB SRE1 B appenvesn s

vehiclerand pecidside hpané|comptikiagf i r st si de and the second Si de
resi st _an jnpact by a vehjcle to_the

bl e t
PEE}E%&Y AhroThing apeably SxieRUng s Hest dirgrtion from 3 Brstengkofithgsystem;

fal flrSitsicR | 8&utINSh cﬁl@@fde%@ﬁm%eﬁg?%b&ﬁﬁiﬂg dsssh@lf; operabl e to
nove generally in the fitst diréction when a

- pepsaarsidedpratadnianethed Eli(é“:’t oféh@le@rrgst shsodjng assambdnid  at
the. f d | ed
2, J0CRIAd hOPha I sl 9, UncouP o6

ﬂwﬁmmndmndtth@seﬁoﬂcsﬁd&pémbw ﬂoeﬁdlﬁdn\imp:h:t beapeltictotiehe
tion independently of the second side. 25

fi%st gire H
respectiyg lirsfifide apd SeropG 8iAfion of O ai m 49 further conpri sing:
PoRiods af tht Yir@EidP aneporisistithe §e¥:@rfﬂe§dé3&$épdb?éjtotn%v'é%%nerally in the
panels of the first side and the second side; and
first direction when a vehicle impacts the first end of the system; and
at least one portion of the first side being uncoupled from the second side with the at least
one uncoupled portion of the first side oriented with respect to the first direction independently

of the second side.

- 50.  The crash cushion of Claim 49 further comprising:
a plurality of panel support frames coupled to the panels of the first side and the second
side; and
the panel support frames coupled to the at least one portion of the first side separate from

the panel support frames coupled to the second side.
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t he panel support franmes coupled to the at |east one
portion of the fast side separate from the pane
support frames coupled to the second side. 30 63 51
The crash cushion of Claimb50 further conprising at

| east one of the panel suppgrt franmes coupled to a
portion of the first side contacting the energy
absor bi ng assenbly. 52. The crash cushion of Caim49
further conprising at | east one of the panel support

5.,franmes coupl ed t he | east one. portion of .the

Pl st D SUORS LS G Geh RamPasing phisast oag e the panel support
framesCéfiplie® bo DporfibbMthé Arst Widk b&ritatRETHd shleRF abBRbRAZ RS embly.

support frames of the at |east one portion of the

first side coupled to at | east one outboard anchor to

rSi StTdRBIE b &shidn Lith APrf & c‘foh{é)%{swg lafRast b Bfthe ﬁanel support

crash cushion operable to mnimz results o

framesgohpled fagthe bidtast ene porirehoithe firshpide bearing daitlesrhardr d,
conprising: an energy absorbing assenbly extending in
a first direction froma first end of the crash

G3shi ahe cidSh pashion@TT g 4 Rarteaeogiprising Mdyana sapsaiihnies of the
operable tqQ nopve in the first direction when a

at least qogipertionjofiedirs! sidseoppled to atdepst eneuihoard anghesrto sk yehicle

impact #PROfilst figanes operable to nove in the first
direction; a plurality of panels attached to the

panel support frames; a portion of the panels

i,vergi ng.fraomthe first direction he panel s .

SHY ondt P RS Oesiit Fpiih e iR o SoBRE bittsen g vehicte
and a rodiide dhsardiicbm@hgitlg:t heret o; a cabl e extending through

at | east. one of the channels assocjated with_the

di\FargY ARForpinmasembly catenfiae dnp Hist disetign Sgmed figst end of the crash
cushion:0cation toward the first end and also at a |ocation

away fromthe 25 first end. 55. The crash cushion of

@ogions 5fthe gnarpeabsodnng assémbjy vherablaitt wmove mupe Skt dizection when a

veliol IR 8 S 83E 55 her ef n the ener gy absor bi ng

ashanalidywf battel igiport frames operable to move in the first direction;

a plurality of panels attached to the panel support frames;

a portion of the panels diverging from the first direction as the panels extend from the
first end;

selected panels having channels attached thereto;

a cable extending through at least one of the channels associated with the diverging
panels; and

the cable anchored at a location toward the first end and also at a location away from the

first end.

55.  The crash cushion of Claim 54 further comprising the cables coupled to selected

panel support frames.




conprises: a noveable sled disposed at the first end;
and the cabl e anchored at the |ocation toward the
first end anchored engaged with the sled. 5 57. The
crash cushion of Caimb54 further conprising the pane
support frames slidably cogpled to outboard anchors
operable to resist rotation when a vehicle inpacts the
panel s.

56.  The crash cushion of Claim 54 wherein the energy absorbing assembly further
comprises:
amoveable sled disposed at the first end; and

the cable anchored at the location toward the first end anchored engaged with the sled.

57.  The crash cushion of Claim 54 further comprising the panel support frames
slidably coupled to outboard anchors operable to resist rotation when a vehicle impacts the

panels.




