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general to energy absorbing systems, and NRLE .
particularly to an energy absorbing syst- iéd to
reduce severity of a collision 5 between a novi ng

notor vehicle and a hazard by shredding or '
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attenuation devices and energy absorbing systems such as
crash cushions or crash barriers include various types of
energy absorbing elements. Some crash barriers rely on
inertia forces to absorb energy when material such as
sand is accelerated during an impact. Other crash
barriers include crushable elements.

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

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

Narrow Stationary Impact Attenuation System; U.S. Patent



associ ated with the roadsi de hazard. Exanples of
general purpose inpact attenuation devices are shown
in US. Patent 5,011,326 entitled 30 Narrow Stationary
| mpact Attenuation System U. S. Patent 2 4,352,484
entitled Shear Action and Conpression Energy

Absorber; U S. Patent 4,645,375 entitled Stationary

| npact Attenuation System and U. S. Patent 3,944,187
entitled Roadway |npact Attenuator. Exanples of 5
speci al i zed energy absorbing systens are shown in .U S
Patent 4,928,928 entitled Guargdrail Extruder Term nal
and U.S. Patent 5,078,366 entitled Guardrail Extruder
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15 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 entitled Vehicle Impact
Attenuating Device; U.S. Patent 4,711,481 entitled
Vehicle Impact Attenuating Device; U.S. Patent 4,008,915
20 entitled Impact Barrier for Vehicles.

Other examples of impact attenuation devices and
energy absorbing systems are shown in U.S. Patent
5,947,452, entitled Energy Absorbing Crash Cushion; U.S.
Patent 6,293,727, entitled Energy Absorbing Systems for

25 Fixed Roadside Hazards TRACC; and U.S. Patent 6,536,985,
entitled Energy Absorbing System for Fixed Roadside
Hazards. The foregoing patents are hereby incorporated
by reference into this application.

Recommended procedures for evaluating performance of

30 various types of highway safety devices including crash
cushions is presented in National Cooperative Highway

Research Program (NCHRP) Report 350. A crash cushion is



Hazards. The foregoing patents are hereby incorporated
by reference into this application. Recomended
procedures for eval uating performance of 30 various
types of highway safety devices including crash
cushions is presented in National Cooperative H ghway
Research Program (NCHRP) Report 350. A crash cushion
is 3 generally defined as a device designed to safely
stop an inpacting vehicle within a relatively short
di stance. NCHRP Report 350 further classifies crash
cushions as either "redirectiye" or "nonredirective".
A redirective 5 crash cushion is designed to contain
andgeRELLELF dhrivehi gheal ADArdd ksdowedt teasafénMstop an
nose or end of the crash cushion_fa;ing oan@|¥%
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15 cushion and the beginning of length of need (LON) of the
crash cushion. A nongating crash cushion may be designed

to have redirection capabilities along its entire length.

SUMMARY OF THE INVENTION

In accordance with teachings of the present

20 invention, disadvantages and limitations associated with
previous energy absorbing systems and impact attenuation
devices have been substantially reduced or eliminated.
One aspect of the present invention includes an energy
absorbing system which may be installed adjacent to '

25 roadside hazards or hazards located on a roadway to
protect occupants of a vehicle during collision with such
hazards . The system may include at least one energy
absorbing assembly which dissipates energy from a vehicle
impacting one end of the system opposite from a hazard.

30 When a vehicle collides with one end of the energy

absorbing system, portions of at least one energy



25 roadsi de hazards or hazards | ocated on a roadway to
protect occupants of a vehicle during collision with
such hazards . The system nmay include at |east one
energy absorbing assenbly which di ssi pates energy
froma vehicle inpacting one end of the system
opposite froma hazard. 30 Wien a vehicle collides
with one end of the energy absorbing system portions
of at |least one energy 4 absorbing el enment nmay be
shredded or ruptured to dissipate kinetic energy from
the vehicle and provide decelgration within
acceptable limts to mnimze injury to occupants of
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15 absorbing systems incorporating teachings of the present
invention may be fabricated at relatively low cost using
conventional materials and processes which are well known
to the highway safety industry. The resulting systems
combine innovative structural designs with enefgy
20 absorbing technigues that are highly predictable and
reliable. Such systems may be easily repaired at
relative low cost after a vehicle impact.
Failure mechanisms associated with moving a shredder
oriented generally perpendicular through a solid plate
25 may include a series of small thumbnail size chunks being
knocked out or shredded or ruptured from the solid plate
in front of the shredder as the shredder proceeds
longitudinally through the solid plate. For other
applications, a shredder oriented generally perpendicular
30 with a solid plate may produce a single line of failure
ahead of the shredder as the shredder moves

longitudinally through the solid plate. The ruptured



oriented generally perpendicular through a solid plate
25 may include a series of small thunbnail size chunks
bei ng knocked out or shredded or ruptured fromthe
solid plate in front of the shredder as the shredder
proceeds longitudinally through the solid plate. For
ot her applications, a shredder oriented generally
perpendi cular 30 with a solid plate may produce a
single line of failure ahead of the shredder as the
shredder noves longitudinally through the solid
plate. The ruptured 5 materiaé may defl ect one way or
the other around the shredder. Cooperation between
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15 cooperate with each other to provide safe, repeatable
deceleration of a vehicle impacting one end of the crash
cushion. The crash cushion may include a first,
relatively soft portion to absorb impact from small,
lightweight vehicles and/or slow moving vehicles. The
20 crash cushion may have a middle portion with one or more
energy absorbing elements and associated openings and
lands. The size of the oéenings and/or lands may be
varied along the length of each energy absorbing element
to provide optimum deceleration of an impacting vehicle.
25 The crash cushion may have a third or final portion with
one or more energy absorbing elements and associated
openings and lands designed to absorb impact from heavy,
high speed vehicles in accordance with teachings of the
present invention. The present invention may allow

30 reducing the number or length of energy absorbing
elements required to dissipate energy from an impacting

vehicle by varying the size of openings, spacing of lands



| ands. The size of the openings and/or |ands may be
varied along the | ength of each energy absorbing

el enent to provide optinum decel eration of an

i mpacting vehicle. 25 The crash cushion may have a
third or final portion wwth one or nore energy
absor bi ng el enents and associ at ed openi ngs and | ands

desi gned to absorb inpact from heavy, high speed

vehi cles in accordance with teachings of the present

i nvention. The present invention may allow 30 reducing

t he nunmber or length of energygabsorbing elenents
required to dissipate energy froman inpacting
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1Easidyy sk epbageahd B sy torirkow gad€£k, A ewdular safety
system incorporating teachings of the present invention
may eliminate or substantially reduce field assembly of
impact attenuation devices and energy absorbing
components. Easily replaceable parts allow quick, low

20 cost repair after nuisance hits and side impacts.
Elimination of easily crushed or easily bent materials
further minimizes the effect of any damage from nuisance
hitsland/or side impacts with the system.

Technical benefits of the present invention may

25 include a modular energy absorbing system that may be
used with permanent roadside hazards or may be easily
moved from one temporary location (first work zone) to
another temporary location (second work zone). A safety
system incorporating teachings of the present invention

30 may also be mounted on trucks and other types of highway

service equipment.



20 cost repair after nuisance hits and side inpacts.
Eli m nation of easily crushed or easily bent nmaterials
further mnimzes the effect of any damage from

nui sance hits and/or side inpacts with the system
Techni cal benefits of the present invention may 25

i ncl ude a nodul ar energy absorbing systemthat may be
used wi th pernmanent roadsi de hazards or nmay be easily
noved from one tenporary location (first work zone) to
anot her tenporary |ocation (second work zone). A
safety systemincorporating teachings of the present

i nvention 30 nmay al so be nounted on trucks and ot her

types of rBbM@y be@k¥i€es SfUiRHeseAt Techutiist may also
benefits of the present invention nma algo incl ude
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18r ﬁﬁréhPoEEe%ﬁn%ﬁ%?@?tignaﬁéﬁrTﬁW£‘3§§§¥bﬁgggrhﬁﬁgbe

| NSta@lskdl i dk SOrr8add LaWvaiByudNdonhfigveaanenaner Byr some
absorbing assenbly or multiple ene absor bi ng. .
asséﬁﬁPFE§F1?%%'ﬁ%&géﬁtsﬁﬁg ﬁtf%m‘léﬁ¥ﬁﬁgynﬁ FPEPHEY an
enegyeabs 0edi gy Destiedrhaletinadj&eent to a hazard. For
other applications, three or more rows of energy
15 absorbing assemblies may be installed. Also, each row
may only have one energy absorbing assembly or multiple
energy absorbing assemblies. The present invention
allows modifying an energy absorbing system to minimize
possible injury to both restrained and unrestrained
20 occupants in a wide variety of vehicles traveling at
various speeds.

An energy absorbing system incorporating teachings
of the present invention may more easily be repaired
following impact by a vehicle. Energy absorbing elements

25 may be disposed in a horizontal position and securely
attached to other components of the energy absorbing
system by a relatively small number of mechanical
fasteners. For example, one bolt and associated nut may
be used to provide the holding power or structural

30 strength of three or four bolts and associated nuts. As
a result, the energy absorbing elements may be more

quickly and more easily replaced following a vehicle



possible injury to both restrained and unrestrai ned 20
occupants in a wde variety of vehicles traveling at
vari ous speeds. An energy absorbing system

i ncorporating teachings of the present invention may
nore easily be repaired follow ng inpact by a
vehi cl e. Energy absorbing el enents 25 nay be di sposed
in a horizontal position and securely attached to

ot her conponents of the energy absorbing systemby a
relatively small nunber of nechanical fasteners. For
exanpl e, one bolt and associ atgd nut nmay be used to
provi de the hol ding power or structural 30 strength of
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BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIGURE 2 is a schematic drawing in section with
25 portions broken away taken along lines 2-2 of FIGURE 1;
FIGURE 3 is a schematic drawing showing an exploded,
isometric view with portions broken of an energy
absorbing assembly and an energy absorbing element having
lands or segments disposed between respective openings or
30 holes in accordance with teachings of the present

invention;



descriptions taken in conjunction with the
acconpanying drawings in which |like reference nunbers
indicate |like features and wherein: 20 FIGURE 1 is a
schemati c drawi ng showing an isonetric view wth
portions broken away of a shredder and an energy
absor bi ng assenbly incorporating teachings of the
present invention;, FIGURE 2 is a schematic drawing in
section with 25 portions broken away taken al ong
lines 2-2 of FIGURE 1; FIGURE 3 is a schematic
draw ng showi ng an expl oded, igonetric view wth
portions broken of an energy absorbing assenbly and

an ener gy%@h@r4m ng &l 88EMahaVidRawihgnghoRingegPIRIS view

di spose et ween respective openings or 30 holes in
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& nvent i op; . H ARE 4BehSaday Clrimt iaC vdhawi 80ns8H0n NG ded
plan vi e 5 wth portions broken away after a_vehicle
haswéth| o dendyiath tofe SBRED 2R gl §YSEBSoPbi " URE 447

system of‘I&%’@"@% 4R AFLERR e I ingherBilvl fig 08 PUI) view
show ng a plan view of another energy absorbin
sysPEnpiathehARRLIYg 2PeerR i Y Be™ RECHFEsEAt 119

i nvent LQfngd O 1 @dRE B skt ai SEdi@mId,c drawing in
el evation wth portions broken away shomnn% an. ener gy
1@bsor bi nFIEYRE émis e 6FPBPALT HFHENE Ags eSFVRhEen Wi

pr e%%?“:ijaﬂé{%‘f&&r}i FaGUBRoRihS o SGRARBL 2sB8EBYhGIgsystem
wi th portions broken “away show ng an explodegg?glan

vi ewneprepraehed firarhiggsofhi e KGRt a8Y6E o
shredder giceR€r8Y: ARS@cheRgtic drawing with portions broken

away showing an exploded, plan view of the energy
15 absorbing system, associated shredders; energy absorbing
assemblies and guide rails as shown in FIGURE 5;

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

20 present invention;

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

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

FIGURE 10 is a schematic drawing showing an

30 isometric view with portions broken away of an energy
absorbing system and associated sled assembly

incorporating teachings of the present invention;



assenblies and guide rails as shown in FI GURE 5;
FIGURE 7 is a schematic drawi ng showi ng an isonetric
vi ew of overl appi ng panel s di sposed al ong one si de of
an energy absorbing systemincorporating teachings of
the 20 present invention; FIGJRE 8 is a schematic
drawi ng in section with portions broken away show ng
a first upstream panel and a second downstream panel
slidably disposed relative to each other; 25 FIGURE 9
Is a schematic drawi ng show ng an isonetric view of a
slot plate satisfactory for regleeasably engaging a
panel with a panel support frame in accordance with

teachi ngg;@frd he RILSERLNERYEIY i kwinbCoREwifgi Sndther

schematic drawi ng showing an 30 isonetric view with
por tisomet bi okervaweElooakienerRpPkeah 8¥RKi A§ SHetEFTIY

and a%éé?ﬁgﬁé efl Sl A @TBLYasdMEARPYEAFTBORECRGNI NYS
of the present” invention; 10 FIGURE 11 is a schenmatjc

drawi ng ERSWAgL aridt [feschepakl s i T aNied vt ASpbreF ot 1

broken. awayy %iém%o%&%m babisas bivg sysleryantoshed view
asserrblg of FIGURE 10; FIGURE 12 is a schematjc
=
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br olgggt@magfspw @nother view of the sled assenbly
and associ ated energy absorbing _system of FI GURE

0, .
FI GURE 1BIFYRE k% hichet iS@hGWaW%gd%\M%&hawbPanathW view
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Fl Gé%%r%'g; abL G d 4y st D oeNkasaedl, 1 schemat i ¢ drawi ng

in secfion and in el'evation with portiaons broken away

t aken FIGURE 14 is an enlarged, schematic drawing 1in
section and in elevation with portions broken away taken
along lines 14-14 of FIGURE 13;

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

FIGURE 16 is a schematic drawing with portions

20 broken away showing a plan view of energy absorbing
elements incorporating teachings of the present
invention; and

FIGURE 17 is a schematic drawing in section with
portions broken away showing a panel support frame and

25 attached panels satisfactory for use with an energy

absorbing system incorporating teachings of the present

invention.



along lines 14-14 of FIGURE 13; 15 FIGURE 15 is a
schematic drawi ng with portions broken away show ng
an expl oded, isonetric view of an energy absorbing
assenbly such shown in FIGURE 14 incorporating
teachi ngs of the present invention; FIGURE 16 is a
schematic drawing with portions 20 broken away
showi ng a plan view of energy absorbing elenents
i ncorporating teachings of the present invention; and
FIGURE 17 is a schematic drawing in section with
portions broken away show ng ajpanel support frame and
25 attached panel s satisfactory for use with an energy
absor bi ng system i ncor por at i ng teachi ngs of the
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"laterally" will generally be used to describe the

orientation and/or movement of components associated with
15 an energy absorbing system incorporating teachings of the
present invention in a direction substantially normal to
the direction vehicles travel on an associated roadway.
Some components of energy absorbing systems incorporating
teachings of the present invention may be disposed at an
20 angle or flare (not expressly shown) relative to the
direction vehicles travel on an adjacent roadway.

The term "downstream" will generally be used to
describe movement which is approximately parallel with
and in approximately the same general direction as

25 movement of a vehicle traveling an associated roadway.
The term "upstream' will generally be used to describe
movement which is approximately parallel with but in
approximately an opposite direction as movement of a
vehicle traveling on an associated roadway. The terms

30 "ypstream" and "downstream! may also be used to describe

the position of one component relative to another



the direction vehicles travel on an associ at ed
roadway. Sone conponents of energy absorbing systens
i ncorporating teachings of the present invention may
be di sposed at an 20 angle or flare (not expressly
shown) relative to the direction vehicles travel on
an adj acent roadway. The term "downstreani wl|
generally be used to descri be novenent which is
approximately parallel with and in approximtely the
same general direction as 25 novenent of a vehicle
traveling an associ ated roadwgy. The term "upstreant
will generally be used to describe novenment which is
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15 of shredding material disposed between spaced openings to
absorb kinetic energy of an impacting vehicle.

The terms "gore" and "gore area" may be used to
describe the area where two roadways diverge or converge.
A gore is typically bounded on two sides by the edges of

20 the roadways which join at the point of divergence ox
convergence. Traffic flow is often in the same direction
on both of the roadways. A gore area may include
shoulders or marked pavement between the roadways. The
third side or third boundary of a gore area may sometimes

25 be defined as approximately sixty (60) meters from the
point of divergence or convergence of the roadways.

The term "roadside hazard" may be used to describe
permanent, fixed roadside hazards such as a large sign
post,'a bridge pillar or a center pier of a bridge or

30 overpass. Roadside hazards may also include a temporary
work area disposed adjacent to a roadway or located

between two roadways. A temporary work area may include



absorb kinetic energy of an inpacting vehicle. The
terns "gore" and "gore area" nmay be used to describe
the area where two roadways diverge or converge. A
gore is typically bounded on two sides by the edges of
20 the roadways which join at the point of divergence
or convergence. Traffic flowis often in the same
direction on both of the roadways. A gore area may

i nclude shoul ders or narked pavenent between the
roadways. The third side or third boundary of a gore
area may sometimes 25 be defingd as approxi mately
sixty (60) nmeters fromthe point of divergence or
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other structure |ocated adjacent, to a roadwa

and
pr esepdyay SICTS amFAPY T8V Uit offitHyg efalfi Sgu’r%ge{‘:e AR
hazapgpe@nsen azay ds" efBYpherdlSeExatpldesoEi bechdtdrards
roadsi de hazards and hazards, | ocajed on.a, road
1@ uchadsine buem it aFénhrer ejslrb‘rteé{qlﬁop m[gﬂ?hgﬁ?ﬁ s%?%tﬁ’ped
vehigl,6Rs 05 n@ Wt RIFtint  B¥arpteindfcaistirueaz andsmdihtremance
i nclude, but are not limted_ to, highway safety

truéRg BRER B 7 idh @ S5ert Bk 7 i t'ruction,
Mai Nt enafge; 0@ bdn@Rentef o Annmsannigt etbsoeadngysystem
Var&gggrgggggqﬁg“ézéghi%gseggréﬁ%z%¥%¥é%t”%n%¥% L may be

15 formed from commercially available structural steel
materials. Examples of such materials include steel
strips, steel plates, structural steel tubing, structural
steel shapes and galvanized steel. Examples of
structural steel shapes include W shapes, HP shapes,

20 Dbeams, channels, tees, and angles. Structural steel
angles may have legs with equal or unequal width. The
American Institute of Steel Construction publishes
detailed information concerning various types of
commercially available structural steel materials

25 satisfactory for use in fabricating energy absorbing
systems incorporating teachings of the present invention.

For some applications, various components of an
energy absorbing system incorporating teachings of the
present invention may be formed from composite materials,

30 cermets and any other material satisfactory for use with
highway safety systems. The present invention is not

limited to only forming energy absorbing systems from



I ncorporating teachings of the present invention may
be 15 forned fromcommercially avail able structura
steel materials. Exanples of such materials include
steel strips, steel plates, structural steel tubing,
structural steel shapes and gal vani zed steel.
Exanpl es of structural steel shapes include W shapes,
HP shapes, 20 beans, channels, tees, and angl es.
Structural steel angles may have | egs with equal or
unequal wi dth. The Anerican Institute of Stee
Construction publishes detailigd information
concerning various types of commercially avail able
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15 hazards. Energy absorbing systems 20, 20a, 20b and 20c
and other energy absorbing systems incorporating
teachings of the present invention may be used for both
permanent installation and temporary work-zone
applications. Energy absorbing systems 20, 20a, 20b and

20 20c may sometimes be described as nongating, redirective
crash cushions. Energy absorbing systems 20, 20a, 20b
and 20c and other energy absorbing systems incorporating
teachings of the present invention may meet or exceed
NCHRP Report 350, Test Level 3 requirements. _

25 Various features of the present invention will be
described with respect to energy absorbing system 20 as
shown in FIGURES 4A and 4B, energy absorbing system 20a
as shown in FIGURE 4C and energy absorbing system 20b as
shown iﬁ FIGURES 5 and 6 and energy absorbing system 20c

30 as shown in FIGURES 10-15. Various types of shredders
and energy absorbing assemblies incorporating teachings

of the present invention may be used with energy



absor bi ng systens 20, 20a, 20b and 20c may be used to
mnimze the results of a collision between a notor
vehi cl e (not expressly shown) and various types of 15
hazards. Energy absorbing systenms 20, 20a, 20b and 20c
and ot her energy absorbing systens incorporating
teachings of the present invention nay be used for
both pernmanent installation and tenporary work-zone
appl i cations. Energy absorbing systens 20, 20a, 20b
and 20 20c may soneti mes be descri bed as nongati ng,
redirective crash cushions. Erergy absorbing systens
20, 20a, 20b and 20c and ot her energy absorbing

SVSBSH§rbD&§réy§E@Hsn§o t egghings 2fs bbe. prﬁﬁ@rﬁresent
i nvention nmay neet or exceed = NCHRP Report 35
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and 6 and ener sorbing system 20c 30 as
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15 manufactured and assembled as a module or series of
modules which are delivered to a work site for
installation on the associated base module. Sled
assemblies 40, 40a, 40b and 40c may also be assembled and
delivered to a work site as a single module. Threaders

20 formed in accordance with teachings of the present
invention may also be installed as replaceable modules.

Energy absorbing systems 20 and 20a may include sled
assembly 40. Energy absorbing system 20b may include
sled assembly 40b. Energy absorbing system 20c may

25 include sled assembly 40c. First end 41 of each sled
assembly 40, 40b and 40c may correspond generally with
first end 21 of associated energy absorbing systems 20,
20a and 20b and 20c. Materials used to form sled
assemblies 40, 40b and 40c are preferably selected to

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

after impact by a high speed vehicle.



10 absorbing assenblies may be forned into rows and
engaged wth respective cross ties and guide rails
formed in accordance with teachings of the present

i nvention. The resulting base nodule may then be
install ed adjacent to a hazard. Panel support franes
and panels may al so be 15 manufactured and assenbl ed
as a nodul e or series of nodules which are delivered
to a work site for installation on the associ ated
base nodule. Sled assenblies 40, 40a, 40b and 40c nmay
al so be assenbled and deliverngd to a work site as a
single nodul e. Threaders 20 formed in accordance with

t eachi nggnof g il RRseRha SVt iRy ol §0rbe end 41 of
install ed as repl aceabl e nodul es. Ene%%ﬁbabsorq;qg,
sysEeRE 295l o 40ay 4PRcrUdEt W e fode F ROt
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40, 248b RNde40e &l P ehenabhy &slleciied) ehlBlal haow be
sl ed assenblies 40, and .40c to remai n i ntact
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15 system 20, 20a, 20b and 20c.

Respective panels 160 may be attached to the sides
of each sled assembly 40, 40b and 40c extending from
respective first end 41. For purposes of describing
various features of the present invention, panels 160 are

20 shown broken away from the sides of sled aésembly 40b in
FIGURE 5. Panels 160 have been removed from one side of
sled assembly 40c in FIGURES 10 and 11.

Roadside hazard 310 shown in FIGURES 4A, 4C, and 5

may be a concrete barrier extending along the edge or

25 side of a roadway (not expressly shown). Roadside hazard
310 may also be a concrete barrier extending along the
median between two roadways. Roadside hazard 310 may be
a permanent installation or a temporary installation
associated with a work area. Roadside hazard 310 may

30 sometimes be described as a "fixed" barrier or "fixed"
obstacle even though concrete barriers and other

obstacles adjacent to a roadway or disposed in a roadway



associ ated sl ed assenbly 40, 40b or 40c. The

di mnensi ons 10 and configuration of end 41 may al so be
selected to effectively transfer kinetic energy even
if a vehicle does not inpact the center of first end
41 or if a vehicle inpacts end 41 at an angl e ot her
than parallel wth the |ongitudinal axis of
associ at ed energy absorbing 15 system 20, 20a, 20b and
20c. Respective panels 160 nay be attached to the
sides of each sled assenbly 40, 40b and 40c extending
from respective first end 41345 For purposes of
describing various features of the present invention,
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15 and spaced from each other. Each supporting beam 950 may
have a generally C-shaped or U-shaped cross section.
Supporting beams S0 may sometimes be described as
channels.

The C-shaped cross section of each supporting beam

20 90 may be disposed facing each other to define a
generally rectangular cross section for each energy
absorbing assembly 86. The C-shaped cross section of
each supporting beam 90 may be defined in part by web 92
and flanges 94 and 96 extending therefrom. A plurality

25 of holes 98 may be formed in flanges 94 and 96 to attach
one or more energy absorbing elements 100 with energy
absorbing assembly 86. For one application, supporting
beams or channels 90 may have an overall length of
appfoximately eleven feet with a web width of

30 approximately five inches and a flange height of
approximately two inches. A wide variety of fasteners

may be inserted through holes 98 in supporting beams 90



traffic. Exanples of shredders and energy absorbing
assenbl i es incorporating teachings of the present 10
i nvention are shown in FIGURES 1-3. Energy absorbing
assenbly 86, as shown in FIGURES 1, 2 and 3, nay
sonmetimes be referred to as a "box beam" Energy
absor bi ng assenbly 86 nmay include a pair of supporting
beans 90 di sposed longitudinally parallel with each
other 15 and spaced from each other. Each supporting
beam 90 may have a generally C shaped or U shaped
cross section. Supporting beagg 90 may sometines be
descri bed as channels. The C-shaped cross section of
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seceieRetrtorl Wakk éﬁéﬁgﬁac'acb@olﬁbiaﬁ(jaﬁ}é‘s‘éﬁ%if?y gps ??éng

C shapgdn€s O $AEH BUpPbrt BaF besmBPOLti Ng beam 90 may
be defined in part b{ web 92 and fl anges 94 apd 96
ext endi nEP¥ HEReLH A phevd it yISSRER ol %sa@g dtay be

§or pedebfefd aNBe$ 242081 Yoot tagbughneeObedmive holes
energy absorbing el enents 100 with enerqy absorbin
2oSGHBI ynoRReT SBIETRARE] EHETHN. *Q0pPBRt FRTPC Dok e

chaggeks £0-/s Ravananoeversddrdmagt 100f may be selected
approximately eleven feet with a '

web wjdth of 3
apptexPhhPE| AT FEPLACRBE M ant £ g8 GF GRES gfiement 100
appLexiratsl ¥idiy igiCherotdr Wrélei 1@y naky 6hef asd enerem
may be inserted through holes 98 in supporting beans
190 BFSOGHALLDrFEEIINAPIGTRING SIS or ned i n ener gy

absor bi ngne e} &fEYertd? EBrsattsdiinipleneyggt hhsbrieirey gy
absorbing elenhents 100 with s%gggrt'

b SdERERES SHOME St CRPBORESIS ey 303 inciuaed proviaing
appropriately sized shredding zone 118 as shown in FIGURE
3 between supporting beams 90 to accommodate the
15 associated shredder 116. For some applications, a
combination of long bolts and short bolts may be
satisfactorily used. For other applications, the
mechanical fasteners may be blind threaded rivets and
associated nuts. A wide variety of blind rivets, bolts
20 and other fasteners may be satisfactorily used with the
present invention. Examples of such fasteners aré
available from Huck International, Inc., located at 6
Thomas, Irvine, California 92718-2585. Power tools
- satisfactory for installing such blind rivets are also
25 available from Huck International and other vendors;

For embodiments shown in FIGURES 1, 2, and 3, only
one energy absorbing element 100 may be attached to
flanges 94 on one side of energy absorbing assembly 86.
For some applications, another energy absorbing element

30 100 may be attached to flanges 96 on the opposite side of
energy absorbing assembly 86. Fox other applications,

multiple energy absorbing elements 100 and spacers (not



5 fasteners 103 preferably extend through. respective
holes 108 in energy absorbing el ement 100 and
respective holes 98 in flanges 94 and 96. Fasteners
103 may be selected to allow easy replacenent of

ener gy absorbing elenment 100 after collision of a
motor vehicle with one end of an 10 associ ated energy
absorbing system One requirenent for attaching energy
absorbing elenents 100 with supporting beanms 90

i ncludes providing appropriately sized shreddi ng zone
118 as shown in FIGURE 3 betwsen supporting beans 90
to accormpdate the 15 associated shredder 116. For

SONg SRl d1GAhENA) may aThithalched e opagibdldth dldnges
short” bolts nmay be satisfactorily used. For other
app?%cﬂﬁiéﬁé, the nechanical fasteners may be blind
threaded, rioiebs ABTes ass Uieatiegsnuts. mdy Vibel ef orareidet y

of blind rivets, bolts 20 and other fasteners may.be
sat exterdigid I9prgsRYI M +HPhe 1&{@§§H?1Pﬁ€eﬁﬂ‘ i 1ine of

5Exa@?9éﬁ_?<y ofpHEAnEast 6nes We  @pahliabteof risiidduak o may
International, Inc., located att 6 Thomas, |rvine,

Cal 2} 80 ba WPFraDeE8Es BRAEITATNS - sEPFsF ¥ ory for

i nstabl { fo [E Qb@aﬂgn?é VELS e hah80a28enspallablaircular
from Huck | nternational and other. vendors. . For :
?ﬁ§& one inch.

enbeenFERR W IFR FI SRES L, of 3RRHOZIMR Ote
?nggégﬁg%Qﬁhkﬁﬁx%|ﬁgEﬂé¥é£i&rB§adaa grbachedhtether with
_on one side of energy absorbin se
1@6. TeFBPCRBIR 1GP0FI CAt ?‘6%%‘?“%%&’1%%15%8?8@ g@%%%é/ntd”een
gLSggntgh&On éﬂp FF@YIRQS at t achedl 1.0 fihengeacbg opettwren
site side of _ener absor bi ng asse 86. , FO
ot hefappnt e 10 nihe, %v&ew&?@yo bgté?%.sngw atla
g' e@??&éﬁé%%i&fgd 13pacebs LoghedtE: 19RpmRgSby shoiwd imy
e
gccggdgncé owi%rr]letgrac %stclf & pr%%e%gdiggention to
15 control the amount of force or energy required to move
respective shredder 116 therethrough.

Without the presence of openings 110, the force

required to move shredder 116 through energy absorbing

20

25

30

element 100 may vary depending upon the specific type of
failure mechanism. The failure mechanism associated with
moving shredder 116 longitudinally through a solid plate
may vary along the length of the solid plate. The
presence of openings 110 and segments 112 results in
improved repeatability and accuracy of energy absorption
as shredder 116 moves longitudinally through energy
absorbing element 100.

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

openings 110 may have a generally circular, oval, slot,
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A row of holes or openings 110 may be forned
extendi ng generally along a | ongitudinal center line
of 5 energy absorbing el ement 100. Openings or holes
110 may al so be described as perforations. For sone
appl i cations, openings 110 may have a generally
circular configuration wwth a di aneter of

approxi mately one inch. Openings 110 are preferably
spaced fromeach other with 10 respective |ands or
segnents 112 di sposed there between as shown in
FIGURES 1, 2 and 3. The spacipg between adjacent

hol es 110, the di mensions of holes 110 and

COrSESRORAINAY | 8PS OF S8OBRRALE 3d2cable keoratied in
accordance with teachings of the present invention to

15 ¢oHiiBIratheranount of force or energy required to

nove 1 egReghieashi ederonk] 6obbal egdroughandisehnants 112
the presence of openings 110, thgaforce requireghto
n

Mo VIER % Hrasigd S £ 81 E ke blig Heter gy 2aBs bt 1 Hy = &fens
s100; &yt 1V AeY edeReBflAgy WXHbthiagspeenént 10me Gbr26ther
failure mechanism The failure mechanjsm S§Pci 989 the
Wi t3PP HRAYE Shr EB8ef 19 Y /Ty PLudPRAHTS® throdgh’ a

sol g fhdl Atdhs RRY r¥ap¥cel @ngGddienkengih ofy thee veolied to
plate. The presence of opqpi%%" 10 gnd segnment s %12
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eneygyi @RS aiatdian 1951 dsa sty effessbthated esnergy absorbing

| ongi tudi nal Iy .through energy , ab orb'ng el ement 100.
10rheagorme gurialilaiwednBy di e CSL% g £fo and
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15 absorption as the speed of an impacting vehicle
‘decreases.

Alternatively, openings 110 in energy absorbing
elements 100 need not be discrete, but may be
interconnected by slots (not expressly shown). BAs _

20 shredder 116 moves through openings 116 and associated
slots, energy absorbing element 100, already divided by
the slots interconnecting openings 110, resists the
movement of shredder 116. Shredder 116 may bend or
otherwise deform the slots in energy absorbing element

25 100, wherein energy is absorbed and dissipated.

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

30 absorbing elements, increasing their thickness and/or
increasing length will allow the resulting energy

absorbing assembly to dissipate an increased amount of
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rectangul ar, star or any other suitable geonetric
configuration. For sone applications, openings 110 and
segnents 112 nmay have substantially uniform

di mensions along the 5 | ength of each energy absorbing
el ement 100. For other applications, the dinmensions
of openings 110 and/or the dinensions of respective
segnents 112 may be varied to provide for a
relatively "soft" deceleration when a vehicle
initially inpacts an associ ated energy absorbing 10
assenbly followed by increasing decel eration or

i ncreasi ng energy absorption along a mddle portion of

an pagssocs ald-gner g¥nabses imngrel eresent Odnvdiei drast
portion of the assqciated eneng%aabsorging elegeqhégg%n
nay 1pFoviel e e diiddd te bRl B i BIF GEOMEH0LEd°RhetYY
absghat h@fbéds dfhepepeadsol 1 @nridpRefengsveb chrd select -
decreases. Alternatively oggningéallosgn eger%y lements
absBPBYPRE i 2 MATET 1706 hBetPTbENSE o SCPRFRI BT Tay
be 1b6t&%§@:ni:'[u&cgt REhRY tHLOL St didid exppilesakyoshben)theAs
er

20 shr eddq 16 noves through openi.ngs 116_and .
oS BEPEL b SREY GREPER BB SR Yer o REsFEY ggsorbing
al r gadyefi¥idrd 18 deherskeksondliter ednrec thaggppamsamgsing

110, resists the novenent of shre r 116. Shre .
1165385 SO SRPO SR S8 BETEA 14 NE s PEEESTh Sheey: "

absqrbi B €4 BrEMzb tH0Qnsuber ehat enengyeitaiabsbebed
and di ssipated., K The nunbeb of enerq¥ ab%%%%kgg b

18| eReRiEed0beRFH e HTETIEENFPR Jd T KAESS “HayY be
var i.gei depRast Ay ¢l t ildhe Wni endedy appisiec atuissnoftor
the resulting, energy ahsaqrbipg .assenbly._.lncr I.0g

t he %m@%oﬁfd%@%f@o%ggo?gi W e?sesr?ecynltas el&l ﬁgrggggi ng

t heiabsbhbekgesgstwedd/ or  increasing length will allow

the resu%ggngoggngéggdiments such as shown in FIGURE 1-3, 5

15 and 6, each shredder 116 may be disposed adjacent to one
end of energy absorbing assembly 86. As discussed later
in more detail, a pair of shredders 116 may be attached
to sled assembly 40b in accordance with teachings of the
present invention. For some applications shredders 116

20 may be disposed generally horizontal relative to sled
assembly 40b and an associated roadway (not expressly
shown). Each energy absorbing element 100 and associated
slot 102 may be disposed generally vertical relative to
respective shredder 116 and the associated roadway.

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

30 selected to allow shredder 116 to slide longitudinally
between flanges 94 and 96 of adjacent supporting beams

90. For one application, slot 102 at first end 101 may



absorbi ng assenbly to di ssipate an increased anount of
21 kinetic energy. Benefits of the present invention
include the ability to vary the geonetric
configuration and nunber of openings 110 and segnents
112 and select appropriate materials to form energy
absorbing elenents 5 100 dependi ng upon the intended
application for the resulting energy absorbing
assenbly. Energy absorbing elenments 100 and ot her
conmponents of an energy absorbing system

i ncorporating teachings of thez2present invention may
be gal vani zed to insure that they retain their 10
despé ethi@as bl engt €80 dntaid iaeeo hotnexde abedriing

envi ronnental conditi ons which nay r

cor PHRTYH ddPi HGTPhe Y11 of ?ﬁgras§%%$g?ég§%ﬁ%r8§arters
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20 may be dISp sed ener Qri.zan | at t
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expugstbyer S:f’EO\M’p)proEamhtehjercg;e -dled 6r b ngnel @mtanﬁo@
and aSSOCIa ed

h
1Qer trBEFDY ﬂﬁ"\?é’xtlg'a%fa@p%% J‘|V\(?eeql %Rggdergﬁglcg{f;{néd t he
assaqhahgdoxﬁs)afﬁmreaaefhmdu arehsisersiatedceRREdY Wit h

each shredder .116 are, preferabl Ly €
105 SPERBY (FHENE bRa 8P TRECH SHELgy GRROrEl g P wne

el egrBLnd 08 adjrradnt energpspentti willsheedderindehky

S BOERA BRI G SUEBE A ET 2o sre o o

15 Material used to form each shredder 116 will depend
upon the material used to form associated energy
absorbing elements 100. For some applications, shredder
116 may have a minimum Rockwell hardness of C39.

Shredders having various configurations such as

20 cylindrical bars with generally circular cross-sections
or bars with generally square Or rectangular
cross-sections (not expressly shown) may also be
satisfactorily used with an energy absorbing assembly
incorporating teachings of the present invention.

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

30 shown), shredder 116 may remain relatively fixed while an
associated energy absorbing assembly 86 including

openings 110 and segments 112 moves longitudinally with



30 selected to allow shredder 116 to slide
longitudinally between flanges 94 and 96 of adjacent
supporting beanms 90. For one application, slot 102 at
first end 101 may 22 be forned along the centerline
of energy absorbing elenment 100 with a width of
approximately three quarters of an inch and a |l ength
of approximtely six inches. The di aneter of shredder
116 may be smaller than the 5 dianmeter of openings
110. This need not always be the case however. The
di aneter of shredder 116 -nay be the sane or even

| arger than the diameter of openings 110. For sone

appkéspddons shredder 106 gmpubiers battghaitiarg aa

di apet er of ?P roxi mately one-half of one inch and a
10 +@F@ﬁqFQﬂ= ﬁngéﬁrnately twel ve inches. Specific
di nensi ofiseRfy SbeeEHEfg lderit a9900AAt Brb ety gy

absorbing el enment{s 100 nay be varied dependi ng .upan

t hede SRt S Ehﬁg??%e *é%ﬁff ﬁﬁ?éﬁrﬁgl Ofmfgﬁﬁgégﬁated

?y v@lﬂﬁflﬁy vﬁd&@g{;bi agig@;saﬂﬁl .ﬁ 86r tsabbleridirimged to
orm each, shr e i end _upon the er.i
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1(generall, eé 3 ar -S ns (39t uah
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of the grese t invention, 25.f°f:§8ﬂ%raegkk Ald NSiohin
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ﬁDVfgcggggi}Lg¥£é§|L n%?égyégkon and number of energy
15 absorbing elements 100 allows energy absorbing assembly
86 to provide safe deceleration of vehicles weighing
between 820 kilograms and 2,000 kilograms.
FIGURE 4A shows energy absorbing system 20 in its
first position, extending longitudinally from roadside
20 hazard 310. Sled assembly 40, slidably disposed at first
end 21 of energy absorbing system 20, may sométimes be
referred to as an "impact sled." Slots 102 may be used
to receive respective shredders 116 during installation
and alignment of sled assembly 40 with energy absorbing
25 elehents 100. First end 21 of energy absorbing system 20
including first end 41 of sled assembly 40 preferably
face oncoming traffic. Second end 22 of energy absorbing
system 20 may be securely attached to the end of roadside
hazard 310 facing oncoming traffic. Energy absorbing
30 system 20 is typically installed in its first position
with first end 21 longitudinally spaced from second end

22 as shown in FIGURE 4A.



openi ngs 110 and segnents 112 to absorb energy from an
i npacting vehicle. For other applications (not
expressly 30 shown), shredder 116 may renain
relatively fixed while an associ ated energy absor bi ng
assenbly 86 including openings 110 and segnents 112
moves longitudinally with 23 respect to shredder 116
to absorb energy froman inpacting vehicle. Energy
absorbing el ement 100 nmay provide deceleration
characteristics tailored for specific 5 vehicle

wei ghts and speeds. For exanpbe, during approximtely
the first few feet of travel of shredder 116 through
associ atregierangyyabs opdridlg sapperbl gréfies tamm - eveagey be

of stopping farce, or_decel eratign ropriat.e L. a
veh??ﬁ%ﬁﬁwﬁﬂﬁﬂlﬁﬁgéﬁﬁ}5&F§§Fbﬁﬁc§28gﬁgfd%%%ﬁEJﬁ%%lge 10
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associ at ed energy absorbi ng assenbly 86 mm [@e\VA
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el gh- e AaRpmdiieat el yTie GRihbler! ofr pasel \Vaupmintodigames
the 1location, size, ﬁonfi ura bon and ngper
e ire eIl

f
enefdy 3% ESGhPAGRF ERR AR ™ aPFEnE=Enet g%/t% of an
abs Qs bbdik ass ey 86sbbiipsydeesal eMdbciaplr gianerd sofl60

i 15 a7 HHGURE SR SN Gy ABBrBi B2 St BROsS
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192051 S8 20 DP LT 1000 S SR Bl 6 e et
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assenbl ywHéh wi tiehdeeegympdsios biing: Z3rekeapdt 81 100 .energy
F'rggsgrdiég'é¥s€%QF59¥ gpggrgggg%ﬁi¥sh%nhggl move generally
15 longitudinally toward roadside hazard 310. Energy
absorbing assemblies 86 (not expressly shown in FIGURES
4n and 4B) will absorb energy from the impacting vehicle
during this movement. Movement of panel support frames
60a-60e and associated panels 160 relative to each other
20 may also absorb energy from a vehicle impacting first end
21.

FIGURE 4B is a schematic drawing showing a plan view
of sled assembly 40 and panel support frames 60a-60e and
their associated panels 160 collapsed adjacent to each

25 other. Further longitudinal movement of sled assembly 40
toward roadside hazard 310 is prevented by panel support
frames 60a-60e. The position of energy absorbing system
20 as shown in FIGURE 4B may be referred to és the
vsecond" position. During most vehicle collisions with

30 end 21 of energy absorbing system 20, sled assembly 40

will generally move only a portion of the distance
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including first end 41 of sled assenbly 40 preferably
face oncomng traffic. Second end 22 of energy

absorbing system 20 may be securely attached to the

end of roadside hazard 310 facing oncom ng traffic.
Ener gy absorbing 30 system 20 is typically installed
inits first position wth first end 21

| ongi tudinally spaced from second end 22 as shown in
FIGURE 4A. 24 A plurality of panel support franes

60a- 60e may be spaced longitudinally from each ot her

and slidably disposed betweengfirst end 21 and second
end 22. Panel support frames 60a-60e nay soneti mes be
ref gL @ted A 1RS B rst! poBi sGedY ispswn Therreuerazohind the
panel support frames  may be varied dependi ng upon the
desPeeend erpitrion af she¥dciatftd§UBRetBy absor bi ng
system pAUdY RheoRRREESaROD s 0Re abbacheted Pailead 160
assenbly 40 and panel support franes 60a-60e. Panels
1602RAyO ERIEIIFESTEBE FeP B $RRF Do 2PFORRINE oFHRTE™ <Or

s f epdgpe PANehSith @aeneXendl eedfredipanel veBLPPed tstfrikiitg
satisfactory for use with energy absorbin systens 20
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FI GURES 4A and 4B) will absorb ener fromthe
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, er 20 al sqQ a rb._ener
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assenbly 40 and panel su rt frames 60a-60e an
abso¥bing sysé%m 20 prgegde subggant§a§ ?agerag support

15 to panel support frames 60a-60e and panels 160.

First end 161 of each panel 160 may be securely
attached to sled assembly 40 or respective panel support
frames 60a-60d as appropriate. Each panel 160 may also

be slidably attached to one or more downstream panel

20 support frames 60a-60e. Up stream panels 160 overlap

down stream panels 160 to allow telescoping or nesting of
respective panels 160 as panel support frames 60a-60e
slide toward each other. Subsets of panel support frames

60a-60e and panels 160 may be grouped together to form a

25 one-bay group or a two-bay group.

For purposes of illustration, second end 162 of each
upstream panel 160 is shown in FIGURES 4A and 4B
projecting a substantial distance laterally at the

overlap with the associated downstream panel 160. Panels

30 160 may nest closely with each other to minimize any

lateral projection at second end 162 which might snag a
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their associ ated panels 160 col | apsed adjacent to each
25 other. Further |ongitudinal novenent of sled
assenbly 40 toward roadside hazard 310 is prevented
by panel support franmes 60a-60e. The position of

ener gy absorbing system 20 as shown in Fl GURE 4B may
be referred to as the "second"” position. During nost
vehicle collisions with 30 end 21 of energy absorbing
system 20, sled assenbly 40 wll generally nove only
a portion of the distance 25 between the first
position as shown in FI GURE 4Agand the second
position as shown in FI GURE 4B. Panel support franes
60a; 60F,1 ARG KBL 8ArEROLLS e aRga6t herfticanporentide of
of energy absorbing system 20 5 cooperate with each

ot heRe¥gy raRfir®dnaverFes®s2&triking either side of

ener gy aPsafdy 1@ $¥Shefrréndtack ceavingnNshaemeriatpdtn view
roadway. Respective panels 160 ma
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15 "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 60.
The length of panels 160 designated as "two-bay

panels" is selected to span the distance between three-

20 panel support frames when energy absorbing systems 20 and

20a are in their first position. For example, first end
161 of a two-bay panel 160 is preferably securely
attached to upstream panel support frame 60a. Second end

162 of the two-bay panel 160 is preferably slidably

25 attached to downstream panel support frame 60c. Another

panel support frame 60b is slidably coupled with two-bay
panels 160 intermediate first end 161 and second end 162.
When sled assembly 40 hits panel support frame 60a
which may in turn contact panel support frame 60b and
30 then 60c, etc., the panel support frames 60a-60g and
attached panels 160 are accelerated toward roadside

hazard 310. The inertia of panel support frames 60a-60g



slide toward each other. Subsets of panel support
franmes 60a-60e and panels 160 may be grouped toget her
to forma 25 one-bay group or a two-bay group. For
pur poses of illustration, second end 162 of each
upstream panel 160 is shown in Fl GURES 4A and 4B
projecting a substantial distance laterally at the
overlap with the associ ated downstream panel 160.
Panel s 30 160 may nest closely with each other to
mnimze any |lateral projection at second end 162
whi ch m ght snag a 26 vehiclg;during a reverse angle
impact with either side of energy absorbing system
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abs@ﬁgiﬂgnig StfdRe1201800 208 afatil blehr ohéfBdy group.
poshgkgger,Qhugfﬁmglgecghéséaéﬂi support frame of the two-
15 bay group (e.g., panel support frame 60e) is contacted,
the second panel support frame 60 may have a lower
inertia because it is only slidably coupled to the
associated panels 160. Therefore, deceleration is
somewhat reduced.

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

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



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 25 attached to downstream panel support frane
60c. Another panel support frame 60b is slidably
coupled with two-bay panels 160 internediate first
end 161 and second end 162. Wen sl ed assenbly 40 hits
panel support frame 60a which may in turn contact
panel support frame 60b and 30 then 60c, etc., the
panel support franes 60a-60g ggd attached panels 160
are accelerated toward roadsi de hazard 310. The

inertia u t, frams Q0
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Therefore, deceleration is sonewhat reduced.
parallel with energy absorbing assemblies 86.

15 As shown in FIGURE 5, nose cover 83 may be attached
to sled assembly 40b proximate first end 21 of energy
absorbing system 20b. Nose cover 83 may be a generally
rectangular sheet of flexible plastic type material.
Opposite edges of nose cover 83 may be attached to

20 corresponding opposite sides of sled assembly 40b at end
41. Nose cover 83 may include a plurality of chevron
delineators 84 which are visible to oncoming traffic
approaching roadside hazard 310. Various types of nose
covers, reflectors and/or warning signs may also be

25 mounted on sled assemblies 40, 40b and 40c and along each
side of energy absorbing systems 20, 20a, 20b and 20c.

For some applications, each row 188 and 189 may
contain two or more energy absorbing assemblies 86.
Energy absorbing assemblies 86 in row 188 may be spaced

30 laterally from energy absorbing assemblies 86 in row 189.

Energy absorbing assemblies 86 may be securely attached

to concrete foundation 308 in front of roadside hazard



20 Energy absorbing system 20a has the foll ow ng
groups of bays: 2-2-1-2-2, where 112" neans two bays
and 111" neans one bay. Beginning at sled assenbly 40
and noving toward roadsi de hazard 310, energy
absor bi ng system 20a has a two-bay group (counting

sl ed assenbly 40 as a bay 25 in and of itself),

anot her two-bay group, a one-bay group, followed by a
t wo- bay group and anot her two-bay group. Energy
absor bi ng system 20b as shown in FIGURES 5 and 6 may
i nclude sl ed assenbly 40b and,gultiple energy 30
absor bi ng assenblies 86 aligned in respective rows 188

and;1§9 eﬁg&@%o,glgsnsﬁ@liys I&ngatauﬁynaﬂ;wrm@nmqles
310 and generally parall each other. Sled 28
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Nose cover 83 may be _a generally
nds 187 and experience

contact either or both first

15 severe deceleration with substantial damage to the
vehicle and/or injury to occupants in the vehicle.
Various types of ramps and other structures may be
provided to ensure that a vehicle impacting end 21 of
energy absorbing system 20b will properly engage sled

20 assembly 40b and not directly contact first ends 187 of
rows 188 and 189.

Each ramp 32 may include leg 34 with tapered surface

36 extending therefrom. Connectors (not expressly shown)
may be used to securely engage each ramp 32 with

25 respective energy absorbing assembly 86. For some
applications, leg 34 may have a height of approximately
six and one-half inches. Other components associated
with energy absorbing system 20b such as energy absorbing
assemblies 86 and guide rails 208 and 209 may have a

30 generally corresponding height. Limiting the height of

ramps 32 and energy absorbing assemblies 86 will allow



rectangul ar sheet of flexible plastic type material.
Opposite edges of nose cover 83 may be attached to 20
correspondi ng opposite sides of sled assenbly 40b at
end 41. Nose cover 83 may include a plurality of
chevron delineators 84 which are visible to oncom ng
traffic approaching roadsi de hazard 310. Vari ous
types of nose covers, reflectors and/or warning signs
may al so be 25 nmounted on sl ed assenblies 40, 40b and
40c and al ong each side of energy absorbing systens
20, 20a, 20b and 20c. For soy@ applications, each row
188 and 189 may contain two or nore energy absorbing

as c%ﬁpgﬁent§W§5g%s%b%RBQEnQ ASSa 189a86ihg wDvh
188 may be spaced 30 laterally from energy absorbing
assabléileofg61ed 29 ™39y, 4Bner gy absorbi ng assenbli es
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308 in front of roadside hazard 29 310. Each_row 188
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clearance fromdirectly 10 inpacting first ends 187 of
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20c. IT ranps 32 are not provided, a small vehicle or
verﬁ%l"eerWr tHoe§w" gr ound cl earance may contact either

or both A rete89dandSb Al Krepem EBeRed Sissamriordance with
decgi;gg?&ggwa@ EgesgggééggIfﬁvé%%qggemgg gglmounted on or
15 attached to either a concrete or asphalt foundation (not
expressly shown). For embodiments such as shown in
FIGURES 5 and 8, concrete foundation 308 may extend both
longitudinally and laterally from roadside hazard 310.
As shown in FIGURES 5 and 6, energy absorbing assemblies
20 86 are preferably disposed on and securely attached to a
plurality of crossties 24. Each crosstie 24 may be
secured to concrete foundation 308 using respective
anchor bolts 26. Various types of mechanical fasteners
and anchors in addition to anchor bolts 26 may be
25 satisfactorily used to secure crossties 24 with concrete
foundation 308. The number of crossties and the number
of anchors used with each crosstie may be varied as
desired for each energy absorbing system.
Crossties 24 may be formed from structural steel
30 strips having a nominal width of three inches and a
nominal thickness of one half inch. The length of each

crosstie 24 may be approximately twenty-two inches.



vehicle and/or injury to occupants in the vehicle.
Various types of ranps and other structures nmay be
provi ded to ensure that a vehicle inpacting end 21 of
ener gy absorbi ng system 20b will properly engage sl ed
20 assenbly 40b and not directly contact first ends
187 of rows 188 and 189. Each ranp 32 may include | eg
34 with tapered surface 36 extending therefrom
Connectors (not expressly shown) nmay be used to
securely engage each ranp 32 with 25 respective energy
absor bi ng assenbly 86. For soge applications, leg 34
may have a height of approximtely six and one-hal f
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respective anchor bolts 26. Various types of adhesive

15 materials may also be placed within the holes to secure
anchor bolts 26 in place. Preferably anchor bolts 26 do
not extend substantially above the tops of associated
nuts 27. Concrete and asphalt anchors and other
fasteners satisfactory for use in installing an energy

20 absorbing system incorporating teachings of the present
invention are available from Hilti, Inc., at P.O. Box
21148, Tulsa, Oklahoma 74121.

For purposes of describing embodiments shown in

FIGURES 5 and 6, supporting beams 90 immediately adjacent

25 to crossties 24 aré designated 90a. The respective
supporting beams 90 disposed immediately thereabove are
designated 90b. Supporting beams 90a and 90b may have
substantially identical dimensions and configurations
including respective web 92 with flanges or flanges 94

30 and 96 extending therefrom. Four crossties 24 may be
attached to web 92 of supporting beams 90a opposite from

respective flanges 94 and 96. As a result, the generally



15 attached to either a concrete or asphalt foundation
(not expressly shown). For enbodinents such as shown
in FIGURES 5 and 8, concrete foundation 308 may
extend both longitudinally and laterally from
roadsi de hazard 310. As shown in FIGURES 5 and 6,
ener gy absorbing assenblies 20 86 are preferably

di sposed on and securely attached to a plurality of
crossties 24. Each crosstie 24 may be secured to
concrete foundation 308 using respective anchor bolts
26. Various types of mechanicgh fasteners and anchors
in addition to anchor bolts 26 may be 25

sat t‘séﬁﬁéy Idr b s4S8Hct Pors &FUIR cBI 9S5pbASindft B 90a
concrete foundation 308. The number K of crossties and
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?gfk%g?&&ggg Sruﬂﬁgi ggg gé {oat f%n%ﬁomnlde ¥a£f% 208 and
15 209 may be formed from structural steel angles having
legs of equal width such as three inches by three inches
and a thickness of approximately one-half of an inch.
For other applications, a wide variety of guide rails may
be used. The present invention is not limited to guide
20 rails or guide beams 208 and 209. For embodiments
represented by energy absorbing system 20c, guide rails
208 and 209 may have similar configurations and
dimensions as associated supporting beams 290.
Guide rails 208 and 209 may each have first leg 211
25 and second leg 212 which intersect each other at
approximately a ninety-degree angle. A plurality of
holes (not expressly shown) may be formed along the
length of first leg 211 to allow attaching guide rails
208 and 209 with respective supporting beams 90Db.
30 Mechanical fasteners 103a which may be longer than
mechanical fasteners 103 may be used to attach guide

rails 208 and 209 with supporting beams 90b.



in an asphalt or concrete foundation to receive
respective anchor bolts 26. Various types of adhesive
15 materials nay al so be placed within the holes to
secure anchor bolts 26 in place. Preferably anchor
bolts 26 do not extend substantially above the tops
of associated nuts 27. Concrete and asphalt anchors
and other fasteners satisfactory for use in
installing an energy 20 absorbing systemincorporating
teachi ngs of the present invention are available from
Hlti, Inc., at P.O Box 21148, Tulsa, lahoma
74121. For purposes of describing enbodi nents shown in

FI GURES 3y, nﬁerﬁgtrﬁwpgmaggr@ﬁ%o%oahmdé ah®) Yoe_longer
adjacent 25 to crossfies 24 are designated 90a. The
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attach supporting beans 90a with crossties. 24.
post 42 and Xg)may ﬁ%ve a lengék g approximately thirty-

15 two inches. '

Top brace 141 preferably extends laterally between
corner posts 42 and 43. Bottom brace 51 preferably_
extends laterally between corner post 42 and corner post
43 immediately above guide rails 208 and 209. A pair of

20 braces 148 and 149 may extend diagonally from top brace
141 to a position immediately above guide rails 208 and
209. Only brace 148 is shown in FIGURE 5.
A pair of guide assemblies 54 may be regpectively
attached with the end of each diagonal brace 148 and 149.
25 Only one guide.assembly 54 is shown in FIGURE 5. The
dimensions of each guide assembly 54 may be selected to
allow contact associated guide beams or guide rails 208
and 209. For some applications, each guide assembly 54
may be formed with a relative short angle approximately
30 the same dimensions and configurations. Guide assemblies

54 cooperate with each other to insure that sled assembly

40b may slide longitudinally along guide rails 208 and



A pair of guide rails or guide beans 208 and 209 may
be attached to respective supporting beanms 90b. Guide
rails 208 and 209 are shown in FIGURE 6 and are not
shown in FIGURE 5. For sone applications, guide rails
208 and 15 209 may be forned from structural stee
angl es having |egs of equal width such as three

i nches by three inches and a thickness of

approxi mately one-half of an inch. For other
applications, a wide variety of guide rails may be
used. The present invention ig,not linmted to guide
20 rails or guide beans 208 ané 209. For enbodi nents

r e.pF8§e%e&§§i§?€%%g¥naﬁ§o&pia{&io%i%tt%@ BOSardUb e as
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the I"'ength o associ ated rows 188 and 189 of
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Sysu%%goggfé%é Niih SeceRdlPesidd o panel aswAPEeAtthe top
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to edcheot Bdt ofhrespestavengdidariaiers #PemBAt 28P - si ed
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188 and 189 o? ener gy absorbi ng assenblies 86_to have

t he 48apd Eéﬁ@tﬁs%&@bly 40b, force from the vehicle may be

15 transferred from corner posts 42 and 43 to top brace 141
through diagonal braces 148 and 149 to respective guide
assemblies 54. As a result, guide assemblies 54 will
apply force to guide rails 208 and 209 to maintain
desired orientation of sled assembly 40b relative to

20 energy absorbing assemblies 86.

As shown in FIGURES 1 and 6 connectors 214 may be
attached to bottom brace 51. Connectors 214 may be
spaced laterally from each other to receive respective
shredders 116. Connectors 224 and 226 are also

25 preferably attached to and extend from respective corner
posts 43 and 42. Respective shredders 116 may be
attached to connectors 214, 224 and 226.

Support plates 234 and 236 are preferably disposed

immediately adjacent to respective shredders 116 opposite
30 from associated energy absorbing assemblies 86. For the
embodiment shown in FIGURES 1 and 6 support plate 234 may

be attached to respective support post 43 and respective



24

guide rails 208 and 209. 10 As shown in FIGURES 5 and
6, corner posts 42 and 43 may be forned from
structural steel strips having a width of
approxi mately four inches and a thickness of
approximately three quarters of an inch. Each corner
post 42 and 43 nay have a |l ength of approximtely
thirty- 15 two inches. Top brace 141 preferably
extends laterally between corner posts 42 and 43.
Bottom brace 51 preferably extends laterally between
corner post 42 and corner post,g 43 immedi ately above
guide rails 208 and 209. A pair of 20 braces 148 and
149 I a t CBe dddadred to
p03| ongﬁﬁﬁe fgtegﬁ g%%%eégﬁggéggaﬁgg gOS and 209.
onl yebpacemelasum:mmsp n4F| BIRESFPeAL FAP r CHRn ik e 214
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Q‘%xflﬁ’lg %ﬁ%}ors%l abi vepshald AREke238 may be
app oxi mately sane di nensi ons and
confsiegurati basbopmdrasschb| PrROsHL CEoPePaFRCHR T
each.ot SEr%Oliésur&ém&J pibed 256 Qi aedORanmyiohdxle
| ongi tudi na long guide rails 208 and 34 209 in
10he stippecti éﬂro@m\emﬂéﬁeﬂn%afz%‘?l&%é‘ﬂ gypport plates
roa%%ldezggzard 310. Inertia of sled assenbly 40b and
frlctlon associated with sliding over the top

rails 208lagdagsoeomipiy |4 Qo Meyi B@ut@%%%}@céﬂlé?a??éng%fgulde

anh %11@335' di}ﬂ% Ay Mighed PR s iheitwens asmobOr
vehicl e and end
energy absorbing assemblles 86 with shredders 116

o

15 disposed in respective slots 102. The dimensions of
shredder 116 and shredding zone 118 between associated
supporting beams 90 are selected to allow each shredder
116 to fit between associated flanges 94 and 96 of
associated supporting beams 90.

20 During a collision with end 21 of energy absorbing
system 20b, a vehicle will often experience a
deceleration spike as momentum is transferred from the
vehicle to sled assembly 40b which results in sled
assembly 40b and the vehicle moving in unison with each

25 other. The amount of deceleration due to the momentum
transfer is a function of the weight of sled assembly
40b, along with the weight and initial speed of the
vehicle. As sled assembly 40b slides longitudinally
toward roadside hazard 310, guide assemblies 54 will

30 contact respective guide rails 208 and 208 to maintain

desired alignment between sled assembly 40b, energy
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sl ed assenbly 40b will generally occur at a |ocation
substanti ally above energy absorbing assenblies 86. As
a result, vehicle inpact with end 41 will generally
result 10 in applying a rotational nonent to sled
assenbly 40b which forces guide assenblies 54 to bear
down on the top of leg 211 of respective guide rails
208 and 209. During a collision between a notor
vehicle and end 41 of sled assenbly 40b, force from
the vehicle may be 15 transferred from corner posts
42 and 43 to top brace 141 thggugh di agonal braces 148
and 149 to respective guide assenblies 54. As a

r es%ﬂaéorkgj&ﬂdj @ s3eR8MPLE 56 ShddderaPPly 404 Cledpaguivee
rails 208 and 209 to maintain desired orientation of
s| eghped@dins o265 féfative to 20 energy absorbing

assenbl i PsB86 vA%isheWimbictd GQURESitsandné conseaiter sled
214 may be attached to otton1braqg&51. Connect
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1@ndoBegipporio pl ageddsryy® ‘tSJeﬂattﬁ"fEh EGTES #ggjp%%ﬁ Jgnd
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15 element 100 by both ensuring that shredder 116 remains on

a desired path through energy absorbing element 100 and
also ruptures energy absorbing element 100 with a
predictable amount of force.

The center portion of each energy absorbing element

50 100 will be shredded between respective supporting beams

90, while the top and bottom portions of each energy
absorbing element 100 remains fixed to respective
supporting beams 90 by bolts 103. The center portion of

each energy absorbing element 100 continues to be

25 shredded as sled assembly 40b continues to push

respective shredders 116 therethrough. The shredding of
portions of energy absorbing elements 100 will stop when
kinetic energy from the impacting vehicle has been

absorbed. After the passage of shredders 116, one or

30 more energy absorbing elements 100 will be separated into

upper and lower parts (not expressly shown) .



5 simlar spacer (not expressly shown) may be
installed between bottom brace 51 and hori zont al
support plate 236 proximte corner post 42. Backup
plate 238 may be secured to bottom brace 51 opposite
from associ ated shredders 116. Backup plate 238
provi des additional 10 support for connectors 214 and
hori zontal support plates 234, 236. Sled assenbly 40b
may be slidably disposed on guide rails 208 and 209
and aligned with first end 187 of energy absorbing
assenblies 86 with shredders 3%6 15 di sposed in
respective slots 102. The di mensions of shredder 116

and shr eggl nge ok18eBpt¥epR: awseciatednd SUpPaEddagated
beans 90 are selected to all ow each sh edde{ c&%§i;o

fit WBERWBBAFEE STRICXPEATT PR 0P ARy 88 of aSE0eist &F
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of energy absorblnqé systen129b,6%¥ve Lcke wll_ often
expEerenesahionyiet@rgey ot 3 eSS VIFeRsnttnt 15
sransbenped 469mdhaoveahteteudto =lfadnaspenbign 4@ixh

which results in sled assenbly 40b and the vehicle
TOVi RE LA RLYRL B TPkt FEAEK ST Gpelfal o bdlally,

decelgrali 9pssusiip dikreAosEM s ddansf ehei ®iddle portion
function of the weight of sled. assenbly.. _40b 0,

wi t Rt KevRel §ht2%hd 8%h PP al MeERH O dacek, %’ oL ¥, end
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roadsi de hazard 310, gui de asse i e 4 wil .
18onteACE IV 8PECTPIRT FICAETFSi 118 ea‘ic?%f@gef% ﬁgi hiigst, end

desixied al i gnment between sl ed assenbly 40b, energy 36

R o

end 4t ehnbhaigéesions and configuration. Therefore, only
panel support frame 60e as shown in FIGURE 17 will be

15 described in detail. Panel support frame 60e 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 €8 and

20 second post 69. Bottom brace 62 extends laterally between
first post 68 and second post 69. The length of posts 68
and 69 and the location of bottom brace 62 are selected
such that when panel support frame 60e is disposed on
guide rails 208 and 209, bottom brace 62 will contact

25 guide rails 208 and 209 but posts 68 and 69 will not
contact concrete foundation 308.

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

30 applications cross braces 63, 64, 65, 70 and 71 and/or
posts 68 and 69 may be formed from relatively heavy

structural steel components. Also, cross brace 65 may be



assenbly 40b, sled assenbly 40b will nove toward
hazard 5 310. Shredders 116, seated in respective
slots 102 will engage adjacent energy absorbing

el ements 100. Shredders 116 will nove through

adj acent first land or segnent 112 shredding the
material in land 112. Each shredder 116 w |l pass
through first land 112 and enters the first 10 opening
110. Shredder 116 will then enter the next |land 112,
shredding the material. The process repeats as
shredders 116 pass through | agds 112 and openi ngs 110
bet ween respective |lands 112. Openings 110 provide

rel igbilitdn idt theohdl! sbe Oforn®s0ebat 8s€NBE0YS. The
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t heret hrough. The shredding of portions of ,ener
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of respective rows 188 and 189 associ ated mﬁtg eneray . :on
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15 perpendicular to guide rails 208 and 209 while allowing

panel support frame 60e to slide longitudinally toward
roadside hazard 310.
Impact from a vehicle colliding with either side of

energy absorbing assembly 20, 20a, 20b, or 20c¢ will be

20 transferred from panels 160 to panel support frames 60a-
60g. The force of the lateral impact will then be
transferred from panel support frames 60a-60g to the
associated guide rails 208 and/or 209 to energy absorbing
assemblies 86 through cross ties 24 and mechanical

25 fasteners 26 té concrete foundation 308. Cross ties 24,
mechanical fasteners 26, energy absorbing assemblies 86,
guide rails 208 and 209 along with panel support frames
60a-60g provides lateral support during a side impact
with energy absorbing system.

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

wearing a seat belt or other restraining device may be



| ong enough to provide nultiple stages for
satisfactory deceleration of |arge, high-speed
vehicles after sled 5 assenbly 40b has noved through a
front portion with "relatively soft” energy absorbing
el enents. Cenerally, energy absorbing elenents
installed in the mddle portion of rows 188 and 189
and i nmedi ately adjacent to the end of each row w |
be relatively "hard" as conpared to 10 energy
absorbing elenments installed adjacent to first end

21. Panel support frames 60a-9e may have
substantially the sane dinensions and configuration.

Thepgf &ité@ﬂkﬁrwgﬁﬁefréﬁﬂﬁﬂyﬂr teape 6ﬁ&bgﬁil@ﬁ&wmtralned
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sel ecte such that when panel % port .franme 60e IS
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15 brace 141 of sled assembly 40b will contact panel support
frame 60a which will, in turn, contact panel support
frame 60b and any other panel support frames disposed
downstream from sled assembly 40b. Movement of sled
assembly 40b toward hazard 310 results in telescoping of
20 panel support frames 60a-60e and their associated panels
160 with respect to each other. The inertia of panel
support frames 60 and their associated panels 160 will
further decelerate an impacting vehicle as sled assembly
40b moves longitudinally from first end 21 toward second
25 end 22 of energy absorbing system 20b. The telescoping
or sliding of panels 160 against one another produces
additional friction forces which also contribute to
deceleration of the vehicle. Movement of panel support
frames 60a-60e along guide rails 208 and 209 also
30 produces additional frictional forces to even further

decelerate the wvehicle.



installed at a | ower position on posts 68 and 69. The
wei ght of support franes 60a-60e and the | ocation of
the associated cross braces may be selected to
provide desired strength during a side inmpact with
energy 5 absorbing systens 20, 20a, 20b or 20c. Tab 66
may be attached to the end of post 69 adjacent to
concrete foundation 308 and extends laterally toward
ener gy absorbing assenblies 86. Tab 67 is attached to
the end of post 68 adjacent to concrete assenbly 308
10 and extends laterally towagg energy absorbing
assenblies 86. Tabs 66 and 67 cooperate with bottom
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15 "two-bay panels." Each panel 160 preferably has
approximately the same width of twelve and one-fourth
inches.

As shown in FIGURES 5 and 7, respective slot 164 is
preferably formed in each panel 160 intermediate ends 161

20 and 162. Slot 164 is preferably aligned with and extends
along the longitudinal center line (not expressly shown)
of each panel 160. The length of slot 164 is less than
the length of associated panel 160. Respective slot
plate 170 may be slidably disposed in each slot 164.

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

Metal strap 166 may be welded to first end 161 of
each panel 160 along edges 181 and 182 and the middle.

30 See FIGURE 8. For some applications metal strap 166 may
have a length of approximately twelve and one-fourth

inches and a width of approximately two and one-half



wearing a seat belt or other restraining device may be
39 catapulted forward fromtheir seat. Properly
restrained occupants will generally decelerate with
the vehicle. During the short time period and
di stance sled assenbly 40b travels along guide rails
208 and 209, an 5 unrestrained occupant nay be
airborne inside the vehicle. Deceleration forces
applied to the inpacting vehicle during this sanme
time period may be quite |arge. However, just prior to
an unrestrai ned occupant conggacting interior portions
of the vehicle, such as the 10 wi ndshield (not
expiRselsy Shawn) enslaf )Jfeleathonet &1 cosrapplesedst préferable
vehicle will generally be reduced to |ower I%vgl to
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15 system 20b is in its first position. As a result,

[§;]

recesses 184 minimize the possibility of a vehicle
snagging the sides of energy absorbing system 20 during a
nreverse angle" collision or impact.

For purposes of explanation, panels 160 shown in

20 FIGURE 7 have been designated 160a, 160b, 160c, 160d,
160e and 160f. The longitudinal edges of panels 160a-
160d are identified as longitudinal edges 18la-181d and
182a-182d, and the longitudinal edges of panel 160f are
identified as longitudinal edges 181f and 182f. Also,

25 for panels 160a, 160b, and 160d, ends 161 and 162 are
identified as ends 161a and 162a, ends 161Db and 162b, and
ends 161d and 162d, respectively. Likewise, for panel
160c, the upstream end is identified as end 161lc; and for
panel 160e, the downstream end is identified as end l62e.

30 Respective metal straps 166 may be attached to first end
161a and first end 161d to post 68 of panel support frame

60c. In a similar manner, respective metal straps 166



30 produces additional frictional forces to even
further decelerate the vehicle. 40 As previously

di scussed with respect to FI GURES 4A and 4B, pane
support frames 60a-60e and associated panels 160 wl |l
redirect vehicles striking either side of energy
absor bi ng system 20b back onto an associated 5
roadway. Each panel 160 may a generally el ongated
rectangul ar configuration defined in part by first end
or upstreamend 161 and second end or downstream end
162. (See FIGURES 5 and 7.) fmch panel 160 preferably
i ncludes first edge 181 and second edge 182 which

extend 3J1Q1%a' tydigaltenoatwaen first el 1:Isab and 161e
second en . For sone applicatio anel nggwn
be foremher Pestse dnarkpicen SEPBPT &Yﬁ"ﬁ) S
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20 and 162. Slot 164 is refe al i nedl\gtlgf
andfeng%ﬁ%lsl%ﬁ ong LRE PorRAd Gx‘ﬁtﬁgla 2 %E?ml not

express! ﬁ!léé"l@%)o 0k if86hs Panelankb@.76 They! B@@hze&f to be
slot 164 is less than the |ength _of a§300|atq9u%§%%nel
1<160reRésr5%‘étW1\Fé“é1 G650pi e APy 408 T FERDT Y
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”Dr§1Q€Eai+o Mg alh shbappléée nEno kevavebded16® ¢¢¢§ﬂrate
endw%%% 2ach other to securely anchor end 161 of an inner
15 panel 160 with the associate post €8 or 69 while allowing
an outer panel 160 to slide longitudinally relative to
the associated posts 68 or 6€9.

During some vehicle impacts panel support frames
60a-60e and associated panels 160 may move to a second

20 position such as shown in FIGURE 4B. As a result repair
and reassembly of energy absorbing system 20b may be more
difficult. However, enlarged portions 1lé4a of slots 164
cooperate with associated slot plate 170 to allow the
respective panel 160 to be more easily released from the

25 associated panel support frame 60.

For some applications the length of enlarged portion
164a may be approximately equal to or greater than the
combined length of three slot plates 170. Enlarged
portions 164a and associated slot plates 170 cooperate

30 with each other to substantially reduce or eliminate many
binding and/or interference problems which may result

from an impacting vehicle moving an energy absorbing



each panel 160 al ong edges 181 and 182 and the m ddl e.
30 See FIGURE 8. For sone applications netal strap 166
may have a | ength of approximately twel ve and
one-fourth inches and a width of approximtely two
and one-half 41 inches. The length of each netal
strap 166 is preferable equal to the width of the
respecti ve panel 160 between respective |ongitudina
edges 181 and 182. Mechanical fasteners 167, 168, and
169 may be used to attach each 5 netal strap 166 with
post 68 of associ ated panel support frane 69.
Mechani cal fasteners 167 and 169 are substantially
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15 assemblies 286 may be secured with each other by a
plurality of cross braces 24. Cooperation between cross
braces 24 and energy absorbing assemblies 286 results in
energy absorbing system 20c having a relatively rigid
frame structure. As a result, energy absorbing system

20 20c may be better able to absorb impact from a motor
vehicle that strikes sled assembly 40c offset from the
center of end 21 or that strikes end 21 at an angle other
than approximately parallel with energy absorbing
assemblies 286. |

25 ' Energy absorbing assemblies 286 may be securely
attached to concrete foundation 308 in front of a hazard
using cross ties 24 and bolts 26 as described with
respect to energy absorbing system 20b and energy
absorbing assemblies 86. Cross tie attachments 300,

30 which will be discussed later in more detail, may be used
to securely engage energy absorbing assemblies 286 with

respective cross ties 24. Each row 288 and 289 of energy



ends 161d and 162d, respectively. Likew se, for pane
160c, the upstreamend is identified as end 161c; and
for panel 160e, the downstreamend is identified as
end 162e. 30 Respective netal straps 166 may be
attached to first end 16l1a and first end 161d to post
68 of panel support frane 60c. In a simlar manner,
respective netal straps 166 42 are provided to
securely attach first end 161b and 16l1e to corner
post 68 of panel support frame 60d. As shown in
FIGURES 8 and 9, bolt 168 extgpds through hole 172 in
respective slot plate 170 and a correspondi ng hol e
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r e:‘gghgﬁai J18 i2330¢kdh et PAY $168 aEsEfblPUL0dg energy
SO vehi cl'e | npacts panel support fnanea 60a- 60e aqg
Lassebbarkthpatenents0 LRy RO B9 S8EGRITO2BVEY (1O

POSLt}P0s SUFNsasrShoweatn EhQARR4B16ARag besBbimed from a
repg%F a%dﬂfeassenbly gf ener gy absorbing syste %%pan

may bbét nerelngliF idigmet er HoheRRRE OXe Mk g d °p5r 7 ohs
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15 previously described with respect to shredders 116. Each
energy absorbing element 100 may be disposed generally
horizontal relative to associated shredders 216 and the
roadway. See FIGURE 12.
A pair of ramps 32 may be provided at end 21 of
20 energy absorbing system 20c to prevent small vehicles or
vehicles with low ground clearance from directly
impacting first end 287 of rows 288 and 289. Various
types of ramps and other structures may be provided to
ensure that a vehicle impacting end 21 of energy
25 absorbing system 20c will properly engage sled assembly
40c and not directly contact first ends 287 of rows 288
and 289. '
Each energy absorbing assembly 286 as shown in
FIGURES 10-15 may include a pair of supporting beams 290
30 disposed longitudinally parallel with each other and
spaced laterally from each other. Shredding zone 218 may

be formed by the resulting longitudinal gap between each



25 associ ated panel support frame 60. For sone
applications the length of enlarged portion 164a may
be approxi mately equal to or greater than the

conbi ned I ength of three slot plates 170. Enl arged
portions 164a and associ ated slot plates 170 cooperate
30 with each other to substantially reduce or
elimnate many binding and/or interference problens
which may result from an inpacting vehicle noving an
energy absorbing 43 systemfroma first, extended
position to a second, collapged position. See for
exanpl e, FI GURES 4A and 4B. Energy absorbing system
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15 an associated crash cushion. For some applications
supporting beams 290 and guide rails 208 and 209 may be
formed from the same type of structural steel angle.

The L-shaped cross section of each supporting beam

290 may be disposed facing each other to define a

20 generally C-shaped or U-shaped cross section for each
energy absorbing assembly 286. For some applications the
width of leg 291 may be substantially longer than the
width of leg 292. For embodiments such as shown in
FIGURE 12, the width of each first leg 291 may be

25 approximately equal to Ehe combined width of associated
second legs 292 plus the width of shredding zone 218. As
a result energy absorbing assembly 286 may have a
generally square cross section. See FIGURE 12.

A plurality of holes 98 may be formed in each second
30 leg 292 for use in attaching one or more energy absorbing

elements 100 with associated energy absorbing assembly

286. For some applications such as shown in FIGURE 15,



than approxi mately parallel with ener gy absor bi ng
assenbl i es 286. 25 Energy absorbing assenblies 286 may
be securely attached to concrete foundation 308 in
front of a hazard wusing cross ties 24 and bolts 26 as
described with respect to energy absorbing system 20b
and energy absorbing assenblies 86. Cross tie
attachnments 300, 30 which will be discussed later in
nore detail, may be used to securely engage energy
absorbi ng assenblies 286 with respective cross ties
24. Each row 288 and 289 of epergy 44 absorbing
assenblies 286 may have a respective first end 287
wWhi Gl GoEHRSReNES WeTeY ald Ynaw VArdi 4sdnethe? lepbgth of
ener gy absor bi ng system 20c. Sl ed an AQEA4OC MBY .
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assemblies 286 may have approximately the same overall
length, width and height as previously described for
energy absorbing assemblies 86. Various types of
fasteners may be inserted through holes 98 in supporting
beams 290 and corresponding holes 108 formed in energy
absorbing elements 100.

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

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

202 and gap or shredding zone 218 formed between



vehicles wth | ow ground cl earance fromdirectly
inpacting first end 287 of rows 288 and 289. Various
types of ranps and other structures nmay be provided to
ensure that a vehicle inpacting end 21 of energy 25
absorbi ng system 20c w |l properly engage sled
assenbly 40c and not directly contact first ends 287
of rows 288 and 289. Each energy absorbing assenbly
286 as shown in FIGURES 10-15 may include a pair of
supporting beans 290 30 disposed |ongitudinally
parallel with each other and gpaced laterally from
each other. Shredding zone 218 may be fornmed by the

resyLL o NGLpdi-8hg BHurebveen eashdAendiains obhy be
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suppetesiry enmd 1290enely HRrEsTgenbr 5P 151 S haped

Cr 0$Sng SER 1 135 bREA¥EQUSd dbrideselbbedz v hagwepiecedt o
suppor%lng beans 90 or any other satisfactqry cross 5.

secERRPOr 68 ARFScAPP onsf FuSTRRE BRBMA F¥FIAURESY ™ 7
5 0- ﬁf@w@pmfﬂd,n@ngﬁ??’saMHI&§ beecflencs i brEaH dmve a
angl es having  genera L- shaped Cross iection% -
def ratativearshosy 1engsh- | dP"syeranbiSet St &F 55579
Leg|§b§8:f.1bﬁ¥§i e’-l%%erm)él 100& nhByF &%gtineaehsea hessel can the
angl e of approxi mately ninet egrees.. For sSome..
appﬁW@B@FdﬁE ARFSOT BPAGTBELR d551 T8 gVéEEE%oéﬁéK%ﬂ§§t

f abpi gt edr by usidg iBetal efidldy fapisirBgngt egdmémues.

The useé of angles 290 na¥ reﬂyce |nvent?ry wn). may be
19 equi r er®rRSUERE 0 SF BPIBYHt N fIPEECHrE ST e fSY

of 15,R03as50%d alted 1ehgsh sfishicamn fiffer 3ege291 to allow
applications ‘supporting beanms 290 aggy uide.rahis 208
Sarte %

andapbachiyg i doridd st £ B The® gsgriace
stryghybatiss aflamngle. Thee LEsahapathpt EOBSGERES | I+ 16K
eacga§g882r$é{1ifgf%ghhniques and/or other mechanical
15 attachment techniques may also be satisfactorily used to
securely engage guide rails 208 and 209 with respective
energy absorbing assemblies 286. Guide rails 208 and 209
cooperate with each other to allow sled assembly 40c to
move longitudinally from first end 21 of energy absorbing
20 assembly 20c toward an associated hazard. First leg 211
of guide rails 208 and 209 may be attached to first leg
291 of associated supporting beams 270. '
For some applications shredders 216 may be installed
as part of replaceable modules 220. As shown in FIGURES
25 10, 11 and 12 each module 220 may include respective
support plate 222 disposed between shredder 216 and
bottom brace 51. Support plates 222 are shown in dotted
lines in FIGURES 10 and 13. Respective pairs of angles
or brackets 228 and 229 may be attached with bottom brace
30 51 extending in the direction of associated rows 288 and

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

each other to slidably receive respective module 220



290 may be di sposed facing each other to define a 20
generally C shaped or U shaped cross section for each
ener gy absorbi ng assenbly 286. For sone applications
the width of leg 291 may be substantially | onger than
the wdth of leg 292. For enbodi nents such as shown
in FIGURE 12, the width of each first leg 291 may be
25 approxi mately equal to the conbined w dth of

associ ated second |egs 292 plus the width of
shreddi ng zone 218. As a result energy absorbing
assenbly 286 nay have a genegg@lly square cross
section. See FIGURE 12. A plurality of holes 98 may be
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materials as used to form shre

ul

15 For some applications respective retainer lugs 240
may extend through openings (not expressly shown) in each
module 220 and associated brackets 228 or 229. See
FIGURE 12. Cotter pin 242 or similar devices may be used
to releasably engage retainer lug 240 with associated

20 module 220 and brackets 228 or 229. In the event of
failure or damage to shredder 216, associated cotter pin
242 may be removed to allow retainer lug 240 to be
disengaged from associated module 220 and respective
prackets 228 or 229. Module 220 may then be removed and

25 damaged shreddef 216 replaced.

For some applications each shredder 216 may have
threads formed on opposite ends thereof to receive
respective nuts 232. See FIGURE 12. Support plates 220
may have appropriately sized openings to receive

30 respective shredder 216 therethrough. Nuts 232 may be
attached with the threaded portions of each shredder 216

to securely engage shredders 216 with associated support



fasteners may be inserted through holes 98 in
supporting beams 290 and correspondi ng hol es 108
formed in energy absorbing elenments 100. 20 A pair of
ener gy absorbing elenments 100d may be disposed on
each energy absorbing assenbly 286 proxinmate first
end 21 of energy absorbing assenbly 20c. See FlI GURES
11, 12 and 16. Energy absorbing el enents 100d are
shown in dotted lines in FIGURE 10. The overall 25

| ength of energy absorbing el enents 100d nmay be
substantially reduced as conpgged to energy absorbi ng
el enents 100a, 100b and 100c. Slot 202 may be forned
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for transferring of energy from an impacting vehicle to
15 shredders 216 and associated energy absorbing elements
100. The height of bottom brace 51 and the length of
legs 42 and 43 may be sélected to provide substantial
clearance between the bottom of corner post 42 and 43
with respect to concrete foundation 308 and cross ties
20 24. See FIGUREIIZ. The dimensions of bottom brace 51
and the length of corner post 42 and 43 cooperate with
each other to reduce the possibility that any portion of
sled assembly 40c may contact cross ties 24 and/or
.portions of anchor bolts 26. As a result, sled assembly
25 40c may often be reused after a vehicle impact.
For some applications such as shown in FIGURES 10,
11 and 12, a pair of hook shaped plates 268 and 269 may
be attached proximate the end corners 43 and 42.
Respective contact plates 266 may be attached to each
30 pair of hook plates 268 and 269. Hook shaped plates 268
and associated contact plates 266 may engage adjacent

portions of guide rail 208 to resist side impacts with



-,

15 attachnent techni ques may al so be satisfactorily
used to securely engage guide rails 208 and 209 with
respective energy absorbing assenblies 286. Quide
rails 208 and 209 cooperate with each other to all ow
sl ed assenbly 40c to nove longitudinally fromfirst
end 21 of energy absorbing 20 assenbly 20c toward an
associ ated hazard. First leg 211 of guide rails 208
and ZQQtngy be attached to first leg 291 of

associ ated supporting beans 270. For sone applicati
shredders 216 may be installesh as part of nglaigggrz
nodul es 220. As shown in FIGURES 25 10, 11 and 12
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15 braces 148 and 149 proximate respective guide rails 208
and 209. For some applications horizontal braces 48 and
49 may be formed from angles. Cross braces 143 and 144
may be securely engaged with horizontal braces 48 and 49
in a generally X-shaped pattern. Horizqntal brace 145
20 may be disposed between diagonal braces 148 and 149.
Guide assemblies 58 and 59 may be attached with
respective ends of diagonal braces 148 and 149. Guide
assemblies 58 and 59 and guides 54 may have similar
features and characteristics. Guide assemblies 58 and 59
25 may be formed from an angle having dimensions compatible
with associated guide rails 208 and 209. Guide
assemblies 58 and 59 cooperate with each other to allow
sled assembly 40c to slide longitudinally along guide
rails 208 and 209 in the direction of an associated
30 hazard.
Guide assemblies 58 and 59 may include respective

first legs 57 which extend downwardly relative to



)

plate 222 may be forned from substantially the same
materials as used to form shredders 216. 15 For sone
applications respective retainer |ugs 240 may extend
t hrough openi ngs (not expressly shown) in each nodule
220 and associ ated brackets 228 or 229. See FlIGURE
12. Cotter pin 242 or simlar devices may be used to
rel easably engage retainer lug 240 with associ ated 20
nmodul e 220 and brackets 228 or 229. In the event of
failure or damage to shredder 216, associated cotter
pin 242 may be renoved to alépw retainer lug 240 to
be di sengaged from associ ated nodul e 220 and
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15 securely engage energy absorbing elements 100 with
associated supporting beams 290 to form energy absorbing
assemblies 286. By installing energy absorbing
assemblies 286 with associated energy absorbing elements
100 in a generally horizontal orientation relative to

20 other components of energy absorbing system 20c and an
associated roadway, the mechanical fasteners may be more
readably accessible for replacing damaged components and
installing new components. See FIGURE 13.

For example, bolts 250 and associated nuts 252 may

25 be used to securely engage one Or more energy absorbing
elements 100 with respective supporting beams 290. A
plurality of headless bolts 260 may also be used to
releasably secure energy absorbing elements 100 with
associated supporting beams 290. Dimensions associated

30 with headless bolts 260 and corresponding openings 108 in
associated energy absorbing elements 100'may be selected

such that energy absorbing elements 100 may be installed



to second leg 212 of guide rails 208 and 209. See
FIGURE 12. The dinensions and materials used to form
bottom brace 51 nmay be selected to provide
substantial strength for transferring of energy from
an inpacting vehicle to 15 shredders 216 and

associ ated energy absorbing elenents 100. The hei ght
of bottom brace 51 and the length of |egs 42 and 43
may be selected to provide substantial clearance

bet ween the bottom of corner post 42 and 43 wth
respect to concrete foundati ogp 308 and cross ties 20
24. See FIGURE 12. The di nensions of bottom brace 51
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ZLQE%E“[ ﬁ.l%c%e support. One or, gmorg rei0f OLG) NG RIALASAAN 108
15 may be formed in each energy absorbing element 100
adjacent to first longitudinal edge 121. A second row of
openings 108 may be formed in each energy absorbing
element 100 adjacent to respective second longitudinal
edge 122. A third row of openings 110 with lands 112
20 disposed therebetween may be formed in each energy
absorbing element 100 between the first row of openings
108 and the second row of openings 108. See FIGURES 15
and 16.
For some applications energy absorbing system 20cC
25 may have a relatively soft first stage, a second stage
having increased energy absorbing capability and a third
stage designed to absorb the energy of a high speed
and/or heavy vehicle. The length of energy absorbing
elements 100d in the first stage may be increased and/or
30 decreased to vary the amount of energy absorbed during

initial impact of a vehicle with sled assembly 40c.



expressly shown) may be di sposed on bottom brace 51
and 10 adjacent to portions of nodules 220. A pair of
braces 148 and 149 may extend diagonally fromtop
brace 141 to a position imredi ately above guide rails
208 and 209. Braces 48 and 49 may extend
longitudinally frombottom brace 51 and engage

di agonal 15 braces 148 and 149 proxi mate respective
guide rails 208 and 209. For sone applications

hori zontal braces 48 and 49 may be formed from

angl es. Cross braces 143 and 444 nmay be securely
engaged with horizontal braces 48 and 49 in a

gener al lpp Xxshapgdsadd & enblebiyZebsatbiniacystélh 20c may

may be di sposed between di agonal br s 148 and. 149,
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15 approximately one inch. Each segment 112b in the middle
portion of energy absorbing element 100a may have a
length of approximately two inches.
When a vehicle initially impacts sled assembly 40c a
portion of the vehicle's energy will be absorbed in the
20 first stage. When shredders 216 engage energy absorbing
elements 100a, the amount of energy absorbed by segments
112a may increase as compared with the first stage
(energy absorbing elements 100d) but may remain at a
lower value as compared with energy absorbed by segments
25 112b. The increased length of segments or lands 112b
results in increased deceleration as compared with the
shorter segments 112a. Therefore, substantial amounts of
energy may be absorbed as shredders 216 move through the
middle portion of respective energy absorbing elements
30 100a.
As an impacting vehicle starts to slow down, less

energy absorption may be desired to prevent an



towards an associ ated hazard. Legs 57 cooperate with
each other to limt undesired |ateral novenent of sled
assenbly 40c in response to a side inpact. The inertia
10 of sled assenbly 40c and friction associated with
gui de assenblies 58 and 59 and bottom brace 51

sliding over |legs 212 of guide rails 208 and 209 w ||
contribute to deceleration of an inpacting vehicle. A
plurality of mechanical fasteners may be used to 15
securely engage energy absorbing elenents 100 with
associ ated supporting beams 290 to form energy
agsorg!ng assenblies 286. By installing energy
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such as shown in FIGURES 14 and 15, b?lts %?Q an%
washbt sTEE4 viedy  bEDE eFRAEING Petiwegly holes 110 in stage 3

15 may be substantially increased. Teachings of the present

éy;bing

invention allow modifying energy absorbing elements 100

to provide desired deceleration for a wide variety of

vehicles traveling at a wide variety of speeds without

resulting in injury to an unrestrained occupant of the
20 vehicle.

For some applications two or more energy absorbing
elements 100 may be disposed on second leg 292 of each
supporting beam 290. For embodiments such as shown in
FIGURE 14, the thickness of energy absorbing elements

25 100a and 100c may vary. Also, the spacing between
respective openings 110 and/or the size of openings 110
formed in each energy absorbing element 100a and 100c may
be varied.

As previously noted the present invention allows

30 reducing the number of mechanical fasteners which must be
engaged and disengaged during replacement of a ruptured

or shredded energy absorbing element 100. As shown in
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5 di sengagenent of doublers 114 and associ ated energy
absorbing el enents 100a and 100c. Nut 252 wil |
preferably remain securely engaged with associ ated nut
retai ner 280. For sone enbodi nents of the present

i nvention such 10 as represented by energy absorbing
system 20c, each energy absorbing el enent 100 nay
have a generally el ongated rectangular configuration
defined in part by first |ongitudinal edge 121 and
second | ongitudi nal edge 122. See FIGURES 15 and 16.
A first row of openings 108 1& may be forned in each
energy absorbing el emrent 100 adjacent to first

'%%bcﬁé%'sn@h edge1 d2he ArSRELAUNE N & n%@lnlgsl 108
may

ormed 1 n each energy absorbing _el ene
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16. For some applica

i ons ener gy _absorbi syst em
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i ncreased and/ or 30 decreased to varﬁ Ege ampunt of
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ng system 20c may i ncl ude .ener absor
ol cPRBRES TOPAFLLNCy SRFEBY P g’&f‘ﬁg chtpagen 109 daen
assQLial £0 QPeRIRGS AB0oAThASSeembleds 286. Each doubler
114 preferably includes holes 124 corresponding in

15 diameter with associated holes 108 formed along the

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

20 Various techniques and procedures may be

satisfactorily used to manufacture and assemble energy
absorbing assemblies in accordance with teachings of the
present invention. For example, energy absorbing

assemblies 286 such as shown in FIGURES 13, 14, 15 and 16

25 may be manufactured and assembled by forming supporting

beams 290 having a plurality of holes 98a and 98b
extending through each leg second 292. For embodiments
such as shown in FIGURES 13, 14, 15 and 16 three small

holes 98a may be disposed between adjacent larger

30 diameter holes 98b. Energy absorbing elements 100 and

doublers 114 which may be releasably attached with each

second leg 292.



| ands 112. For enbodi ments such as shown in FI GURE 16
5 the first portion of each energy absorbing el ement
100a may include openings 110 having a di aneter of
approximately one inch with a spacing of approximtely
two inches between the centers of adjacent openings
110. The mddle portion of each energy absorbing

el enent 100a 10 may include openings 110 having a

di aneter of approximtely one inch and a spacing of
approximately two inches between centers of adjacent
openings 110. As a result, thge length of segments
112a in the first portion of each energy absorbing

elenent}é%%geggybﬁfté5zﬁpﬁﬁ9xbgaﬁﬁbarﬁé&iﬂHﬁnghEaCh
segnent 112b in the mddle "portion of ner.gy

absoedriany ioleesoal 1 10Dameksr W§9§5a98?erm§%9%ﬁ er 264 on
appPL O ta%%)é stsWBﬁ%BCf‘§§ witeprar¥elbTy cendiidd aldjjacent
i npacts sled assenmbly 40c a portion of the vehicle's
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shorter segments 112a. Therefore, substanti
1of benetgyyedesn b‘@%&ﬁﬂéde%%r%\ﬁP?&&E?’énglg?ﬁ%%é@éthc’% by

thr?HgQrﬁfﬁ? e L0l & PPl LM Of tIRspet kvsocenatey holes
absorbing efenents 30 100a. QE an i npagting_ vehi clg
st ad@$. t OREFRAF Wioim "IEs81c%h ag%Feél‘f—gp r%%f)o%aﬁ'ay %e ©
desiiped,t 04 PHENANH Absofiabad asdermimed 1aecipadoubtern 114,
i mpacting portions of the
openings 108 in energy absorbing elements 100 and large
15 diameter opening 98b in associated second leg 292.
Washer 254 may be disposed between the head of bolt 250
and doubler 114. Nut 252 may then be gecurely engaged
with each bolt 250 to securely attach energy absorbing
elements 100a and 100c with respective supporting beams
20 290. Doublers 114 effectively increase the "holding
power" of associated bolts 250 and nuts 252.

For some applications such as shown in FIGURES 14
and 15 respective nut retainers 280 may be disposed on
each second leg 292 opposite from energy absorbing

25 elements 100. Each nut retainer 280 preferably includes
at least one opening with respective nut 252 disposed
therein. Nut retainer 280 allows associated mechanical
fastener 250 to be engaged and disengaged without having
to hold nut 252. Therefore, when energy absorbing

30 assembly 286 is disposed with energy absorbing elements

100 in a generally horizontal position, engagement with

only the head of mechanical fastener 250 is required to



vehicle. Therefore, the spacing between holes 110 in
the third portion or |last portion of each energy
absorbing elenent 100a may be reduced. For exanple,
segnents 112c 5 may have approxi mately the sane | ength
as segnents 112a or the length of segnents 112c nmay
be even nore reduced as conpared with the |ength of
segnents 112a. For many vehicle inpacts, nost of the
energy absorption may occur in stages one and two.
However, for 10 very high speed and/or heavy
vehi cl es, shredders 216 may efigage energy absor bi ng
el enents 100b in stage three. For sonme applications

theg) %%b 0L 6085 YinDSG; BhNE a ot @xiERntzs ol GRomi n
stage ma e subStantially increased.
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15 296 may be attached to nut retalner 280 opposite from
second leg 292 of supporting beam 230. Keeper plate 296
may alsc include first hole 298 sized to receive the
threaded portion of associated mechanical fastener 250
and second hole 299 sized to receive the threaded portion

20 of headless bolt 260. For some applications retainer
plate 282 and keeper plate 296 may be installed on
associated headless bolt 260 prior to engaging nut 262
with the respective threaded portion. Hole 298 of each
keeper plate 296 with nut 252 disposed therein is

25 preferably aligned with associated large diameter hole
98b in second leg 192 of associated supporting beam 290.
Hole 299 in each keeper plate 296 is preferably aligned
with associated smaller diameter hole 98a in second leg
192 of associated supporting beam 290.

30 For some applications energy absorbing elements 1004
may be attached to associated supporting beams 290 by

four mechanical fasteners bolts 250 and no doublers.



55 FIGURES 14 and 15 one or nore headl ess nechani ca
fastener or headl ess bolts 260 may be di sposed between
respective nechani cal fasteners 250. For some
applications doublers or strong backs 114 nay be

di sposed 5 on energy absorbing el enents 100 opposite
fromsecond |l eg 292 of associated support beam 290.
Doubl ers or strong backs 114 inprove the hol ding
force of associated nechanical fasteners 250 while at
the sane tine accommopdating the use of headl ess bolts
260. For some 10 applicationssguch as shown in FI GURE
13, pairs of doublers, designated 114a-114h, nmay be

used, E8bYng BOGAGS T @8RECHAY So@NAGitHRlas epbi
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enbodi nrents such as shown in FIGURES 13,. 14, 15 g@d

16 ehrbecxors |tiendiréachBa hed” b E¥8el Bet Teen
adjgggfig&fgéﬁﬁhiﬂk dhagBbee dofiased8h. pErerpgy legs 301 and

abs Ing el enents 100 and

302. A plurality of mechanical fasteners 304 may be

15 disposed between openings formed in leg 301 and securely
engaged with corresponding holes (not expressly shown)
formed in first leg 291 of associated supporting beam
290. Second leg 302 of each cross tie attachment 300 may
be welded or otherwise securely attached with associated

20 cross tie 24. '

Technical benefits of the present invention may
include providing modular base units which may be
preassembled prior to delivery at a roadside location.

~ For some applications each modular base unit may include
25 rows 188 and 189 or rows 288 and 289, sled aésembly 40b
or 40c and panel support frames 60a-60g with panels 160
installed in their first position. The use of a modular
base unit may minimize repair time at a roadway location
and allow for more efficient, cost effective repair of a
30 damaged modular base unit at an off site repair facility.
Energy absorbing assemblies 86 or 286 and shredders

116 and 216 may also be used in a wide variety of movable



doubl ers 114 which may be releasably attached with
each second |leg 292. 56 Headless bolts 260 may be
i nserted through respective small dianeter hol es 98a.
Shoul der 264 on each headl ess bolt 260 w ||
preferably engage adjacent portions of second |eg
292. Respective nuts 262 nay be 5 engaged with the
t hreaded portion of each headl ess bolt 260 extending
t hrough second | eg 292. One or nore energy absorbing
el ements 100 may be placed or stacked on respective
second | egs 292 by inserting hgadl ess bolts 260
t hrough associ ated hol es 108. Doublers 114 will also
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15 prev1ous1y shown. When a second vehicle contacts the

%ge trﬁck or

impact head, the shredders will remain fixed relative to
the energy absorbing assemblies as the energy absorbing
assemblies move past the respective shredders. The
shredders operate as discussed above and energy is

20 dissipated so that the second vehicle is slowed and then
stopped.

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

25 departing from the spirit and scope of the invention as

defined by the appended claims.



to hold nut 252. Therefore, when energy absorbing 30
assenbly 286 is disposed with energy absorbing

el enents 100 in a generally horizontal position,
engagenent with only the head of nechanical fastener
250 is required to 57 engage and di sengage nmechani ca
fastener 250 from respective nug, 252, Nut retainers
280 may be forned with various configurations and
orientﬁ54l . For sonme applications 5 nut retainer
280 may 1 nclude one or nore wel ded attachnents (not
expressly shown) to secure each nut 252 aligned with
respective opening 98b. For other applications each
nut retainer 280 may include a generally rectangul ar
pl at e | 289 epgreyabsorbipg systnse ApeTable Sumiromigscthe eeswltscof a collision
openi ng 286 fornmed therein. First opening 284 nmay be
sel echeteema vetiele ravelsgom atoedwayand2bRazateaniising:
opening 286 is preferably smaller than first opening
28%.  Secotid eoprgpiabsprBiag syaym bavisp adisitedd hRE 8sMdnl BE:
threaded portion of associ ated headl ess bolt 260.

Keeper pl athe sdnd@d HﬁtheQﬁe@&%ﬁﬂ@i‘Elgts?stéH‘ftdi#)Sge@iagfacent to the

.

280 opposite from second | eg 292 of Supporting beam

290. KeepekitR s exF}QﬂMin Qe 4 g ude first hole 298
[ readed po

sized to receive the t rtion of associ at ed

mechani cal - 50 nd _second hol e 299 sized to
receive t haéglfél i%lgcggfeyd& por ?C?BWXW%%&CHE%I&“SSO tsfnereyghsorbing
For sgn% applications retainer plate 282 and keeper
platebﬁ gnnay be installed on associated headl ess

bolt 260 prior to engaging nut 262 wth the

rBspect i vertifiskoRfeme Ry AbsgRingasteatindispesed detweek shefwrard and
plate 296 with nut 252 di sposed therein is 25

pr ef ¢P@Bleg agsemghed wit h associ ated | arge di aneter hol e

98b in second | eg 192 of associated supporting beam

290. each energy absorbing assembly having at least one energy absorbing

element;
each energy absorbing element having a plurality of openings formed
15 therein with respective segments disposed between adjacent openings;
the sled assembly having at least one shredder attached thereto and
generally aligned with each energy absorbing assembly and the at least one energy
absorbing element;
each shredder having a blunt surface generally aligned with the openings
20 formed in the at least one energy absorbing element;
the sled assembly having a first end facing oncoming traffic whereby a
collision of a vehicle with the first end of the sled assembly will cause the shredder

to slide longitudinally relative to each energy absorbing element and dissipate
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Hol e 299 in each keeper plate 296 is preferably
aligned wth associated smaller dianmeter hole 98a in
second leg 192 of associated supporting beam 290. 30
For sone applications energy absorbing el enents 100d
may be attached to associ ated supporting beans 290 by
four mechani cal fasteners bolts &850 and no doubl ers.
58 Energy absorbing el ement 100a nay be attached to

ety B R8P AR AR A BRI G fPgcine

el ement eIslm_OOb may al so be attached to associated 5
suppor gns 290 by eight doublers and twenty four
nechanlcal steners %go For sane applications the
| engt h of eéﬁ F’ﬁfifg%tﬁl%‘@ FEnGesseylydsinstatiedaythisach shepddes digposed
addi.ng nore energy absorbing assenblies 286.
Varldﬁ@e@ﬁﬁégﬁﬁﬂ1ﬁ@§ﬁ%ﬁﬂ§ﬁ§”ﬁ&?¥be satisfactorily 10
used to engage energy absorbing assenblies 286 with
crioss ties 24. For enbodi ments such as shown in
FI GURE 14, each cross tie attachnent 300 may have the
gener2lThe eonfy gbwoathing Bystdm aficlaingl durtiet cogriiingpart by
| egs 301 and 302. A plurality of nmechanical fasteners

304 nay be ;Jaﬁ@heﬁ@lcggyexes&sﬁl@@%@n&ﬂleaéﬁa%dugg’gémf’al!ygbakaml with
301 and securely engaged with correspon

( not e@gqp{)tgglsgrw ¢ st 4 eg 291 of
associ ated supp ?gﬁﬂge “gfﬂﬁgsgﬂo é%&% Ieg 302 of

each cros be wel ded ,or
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tie 2 hglcal benefits of th resent invention
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preassenbl ed prior to delivery at a roadside |ocation.

For § Doppl i cations each nodul ar base unit may
i ncl ude

3. The energy absorbing assembly of claim 1 further comprising:
a first row of energy absorbing assemblies and a second row of energy
15 absorbing assemblies extending longitudinally from the hazard;
the first row and the second row of energy absorbing assemblies spaced
laterally from each other; and
one of the shredders aligned with energy absorbing elements of the first
row of the energy absorbing assemblies and another of the shr¢dders aligned with

20 energy absorbing elements of the second row of the energy absorbing assemblies.

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

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

thereto;



25 rows 188 and 189 or rows 288 and 289, sled assenbly

40b or 40c and panel support franes 60a-60g with

panels 160 installed in their first position. The use

of a nodular base unit may mnimze repair tinme at a
roadway | ocation and allow for nore efficient, cost
effective repair of a 30 damagedgyrodul ar base unit at

an off site repair facility. Energy absorbing

assenbl i es r . . 216 . .
a0 b usddts R 0Bty REBHARE Rerhbe AR A 3e B suide rail
appli%?tioggﬁﬁgch as truck nounted attenuators. The

presen a?ﬁv Bh is not linited to relatively fixed

appl i cations such as represented by energy absorbing

syst em 20, rt]}fofzsﬁ’,“ %ge BH@nd the sepyid gudidrctatl spisse daterslly from each
attenuators, such as described in U S. Patent No. _

5, 947 OH%Y; ener gy absorbi ng assenblies 86 or 286 nay

be attached to and extend rearwardly from a truck or

ot her  vehithy ded aseemldy hresg b firs lgoide)assearbly sipdabty digaded on the
(not expressly shown) nmay be provided at the end of

ener g¥irst @ualesait;indg assenblies 86 or 286 opposite from
the truck or other vehicle. Respective shredders 116

or 216 may aRecondQuide@6seaibly SIRIabyUkdposéd & thesedtRBioh]dR rail.
opposite fromthe inpact head. Each shredder 11§ or

216 may be aligned wth respective energy absorbing
assenbly 86 or 286 as 15 previously shown. Wen a

secon ' ts t Fopact -head, the..
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ahsorbi ng assenblies as the ener absorbin

aJenoi 1 os R RB6 EF piege ettt fatt irs SERRUHERLY Sppeach other
shredders qperate as di scussed abhove and energy is 20

di ssi pat edfés!edpstentiy slidabbirpupledivithecach eagrgyabposbing assembly;
then stopped. Although the present invention has been
descr kd in

the shredder disposed adjacent to the respective energy absorbing
assemblies whereby a collision between a vehicle and the sled assembly results in
15 each shredder shredding portions of the respective energy absorbing element of

each energy absorbing assembly to dissipate energy from the vehicle.

6. The energy absorbing system of claim | wherein energy absorbing assembly
further comprises:
20 a pair of supporting beams disposed longitudinally parallel with each other;
at least one energy absorbing element attached to each pair of supporting

beams; and



a

detail, it should be understood that various changes,
substitutions and alterations can be nmade hereto

wi t hout 25 departing fromthe spirit and scope of the
invention as defined by the appended clains. 60
CLAIMS 1. An energy absorbing system operable to
mnimze the results of a collisgpn between a vehicle
traveling on a roadway and a hazard conprising: 5 the

ener gy absﬂ{e@h@&osrg%{%h%sn X%e?q?tﬁréﬁlg tRm gﬂ:ﬂ o‘a{%g Sallow the

second end; t nerg absorﬁlng
f

syste [ S dj.,acent t.0 e . hazard wth the first
end exsg%%?§§§%%§¥é e egwéﬁgﬁ“§¥?&3$ﬁ§%%$§$8§§5“mntm
proxinat.e the first end of the energy absorbing

syst ea’?“ﬁﬁe gpergy fiom %‘ﬁé’elé‘ﬁ]ér gy absorbi ng assenbly

di sposed between the hazard and the sled assenbly;
each energy absorbing assenbly having at |east one
energ% absorbin el ement; each energy absorbing

el rentTheaenergy adserbingalystem oficlappérfuribe coorpnisitig edh supporting
therein with respective segnents di sposed between

adj acksim péng o gajerdllyeCShadd assepdetigpn.havi ng at | east
one shredder attached thereto and generally aligned
wi th each energy absorbing assenbly and the at | east
one energy absorbing elenent; each shredder having a

bl unt g Stifefea6R yGBREDR!sYsiEhiFRRH W ﬂxﬂhér@%m%ggigk reggncgqns[uégorting

formed in the at | eaSt one energy absorDb

the s In LI end facing oncom ng
traffl}%g‘m%eiri‘ggg;kgmt%%’llr?@8@1"%’?; Sa“gg‘ﬁi cle with the

flet end of the sled assenbly will cause the shredder
to slide longitudinally relative to each energy
absog?b%% el ement and dissipate 61 energy fromthe
vehi c1-d PHyneigy abRnrhigesryer o pisin 4 furthes semaripisgineen
respective openings; and each energy absorbi ng
assenbl y ieéch plareddar secupgly atieched tasthe ééd@ﬁsembé)posed

the sled assembly slidably coupled proximate one end of each energy
absorbing assembly; and
15 the space between the openings and dimensions of the associated segments
varying along the length of each energy absorbing element whereby varying
amounts of force may be required to move each shredder through the associated

energy absorbing element.

20 10. An energy absorbing system operable to minimize the effects of an impact
between a vehicle traveling on a roadway and a hazard comprising:
the energy absorbing system having a first end and a second end;
the second end of the energy absorbing system disposed adjacent to the

hazard with the first end spaced therefrom;



generally vertical relative to the roadway. 5 2. The

ener gy absorbing systemof claim1l further conprising:

a pair of energy absorbing assenblies extending

generally parallel with each other and spaced

| aterally fromeach other; and each shredder including

a bolt having a generally blunt,cfound surface 10
aligned with the openings and segnents of the at | east

one energy o] . « Jhe cener ahsor bi n ,
aaserbly o SR HEP o BBR s ot LI TREL e SR e
ener gy absorbi ng assenbl.ies.and a second rqw of epe

15 absor bi AgeAt BBREHT Lo bR P ASPOTRA BT (b rgerd and
the hgzard; the first row and the second row of energy
absor Bierifdrssantli es spaced laterally from each

other; and one of the shredders aligned with energy

absor bi ng 83cranatey absorping apsembly having @fleashenegnsrgyyabsorbing
absor bi ng assenblies and another of the shredders

al 5 gnegmenth 20 energy absorbing el ements of the

second row of the energy absorbing assenblies. 4. The

ener gy abseadhiengrgyubictbingfelepleat Ravk o gehtlally eogped Statghngular
a first row of energy absorbing assenblies having a

first cenfigheationivitttd prRcdRFof (_Iﬂéﬁ{n% rmRd theleif 8RO RApE@We 1ands
of energy absorbi ng assenblies having a second gui de

rail dgg&_@glgggw_gpgaﬁgaﬁgb{}gngsg rst guide rail and the

second gui de rail space aterally fromeach other; 5

the sled a I Vi a, first. gui assenbl .
sli dabl y d?%%%s%ygnﬂrﬁ%g demeaf a‘é ,sgg%%qr%lfy Horfgoptal relative to the
s?conq %uide assenbly slidably disposed on the second

gli de>F%i 1. 5. The energy absorbing assenbly of claim

1 further conggising: 10 a pair of energy absor bi ng _
assenbl i esthsslsddvingragleast|ope shugddes aitachst Hasreto apd gengrally aligned

assenbl indany'couBIed wi th each energy absorbing
assen’t)’llt; the gpegings in each energy absorbing element;

the sled having a first end facing oncoming traffic whereby aﬁ impact by a
vehicle with the first end of the sled will cause the shredder to slide longitudinally
15 relative to each energy absorbing element and dissipate kinetic energy of the
vehicle by shredding the lands disposed between the associated openings; and
the at least one shredder disposed generally vertical relative to the

associated pair of supporting beams.

20 11. The energy absorbing system of claim 10 further comprising:
a pair of energy absorbing assemblies extending generally longitudinally
from the roadside hazard and spaced laterally from each other;

the shredder including a pair of bolts; and



the shredder disposed adjacent to the respective

ener gy absorbing assenblies whereby a collision
between a vehicle and the sled assenbly results in 15
each shredder shredding portions of the respective
ener gy absorbing el enent of each energy absorbi ng
assenmbly to dissipate energy frgmthe vehicle. 6. The
ener gy absorbi ng system of claim1l wherein energy
absor bi ng

support i ngﬂg@gﬁﬁgh%\ug HE E ?{ll cbci fa)%nals#lr%ace%hgﬁef th tl'{e lands
each ot.her é{ east one energy absorblng el enment

att acaﬁlg(?sstoglaee (H’eﬁlzﬂgf of supporting beans; and 63

t he supporting beans spaced |aterally from each ot her

to allow the respective shredder to engage the at

| east _one energy absorbing elenent to dissipate

ener gy The ARerERakAoHfing assembly of thém dRdpgherspanrisinag
systemof claim6 further conprising each supporting
béam havi rgfirat penarda degor@ mhagfedergy absorbimgtasembli8s eXitmding
ener gy absorbing systemof claim6 further conprising
each lsngipdirailpdronbth@hakadj ng a general |y L-shaped

cross section. 10 9. The energy absorbing system of

claiml funé Aek r&@BRI iheisBdbnd r&@%he&h%ﬁ%ﬁh%&s‘d&ﬁbb{es spaced
attached to the sled assenbly; the sled assenb

inquk%“ GO € hQﬁﬂ%]%ﬁHe one end of each energy

absor bi ng”asse 5 the space bet ween t he

openi ngs nsi o ted seqgne
varyi ng aﬁg%fglg‘% EEVIP%%S %‘Fd(geégﬁgree o e'beﬁ%yo ﬂ’éﬂg elements of
t .wher eb amount g orce

N e ?Psg?‘?f%gdﬁé?“ Tie aatR SaoaT aledor atigged with

ener gy absorbjng el enent, 10. An energy absorblng
syst ERFEY PP el mANS qﬁthesqcﬁ@i oM efansreyrabserbingageqmblies.
bet ween a vehicle traveling on a roadway and a hazard
conprising: the energy absorbing systemhaving a first
end and a second end; the second end of the energy
absorlBi e gycsg)eahsdrbsrpg)%td:rra@{]‘ damnit? fugheth@miraiagrtte wied hssembly
the first end spaced therefrom
having a first guide assembly and a second guide assembly operable for respective

15 engagement with the first row and the second row of energy absorbing assemblies.

14. The energy absorbing assembly of claim 10 further comprising:
a pair of energy absorbing assemblies spaced laterally from each other;
the sled assembly s.lidably.coupled with each energy absorbing assembly;
20 and
each energy absorbing assembly having at least one energy absorbing
element disposed generally horizontal relative to the sled assembly and the

roadway.



64 a sled slidably disposed on the first end of the
ener gy absorbing system at |east one energy
absor bi ng assenbly di sposed between the hazard and

the sl ed assenbly; each energy absorbing assenbly
having at | east one energy absorbing 5 elenent; each
ener gy absorbi ng el enent have a neral ly el ongat ed,
rectangul ar configuration with a plurality of

openi ngs forned therein and respective |ands disposed
bet ween adj acent openings; each energy absorbing

el ene i sposed, general ly horizontal relative to the

| o SF%J?‘GFE%I% |’@‘B§’r 4g X%P?F‘éﬁ%t‘b Siheredh FReggppbsorbing assembly
attached thereto and generally aligned wth the
openiﬂﬁgﬂﬂﬁnéﬁ§ﬁ$energy absorbi ng el enent; the sled

having a first end facing oncomng traffic whereby an

i mpac? P&y oksuppertting beams dispashé piregtwignehcbfotlidne sl ed

wi |l cause the shredder to slide longitudinally 15

r &l at atleast onesaetgyeabsortingadimemid affgchell esreath pairchf supporting beams;
di ssi pate kinetic energy of the vehicle by shredding

t he | hndsppdrtspoiscachsRpicsa gidnt fRhdERPE AlRH e APORFLALST to engage the
and the at |east one shredder disposed generally

ver ti £8beidted aleryPatis8rtififeleASRO RLSLhtPAE i
supportfﬁg beaﬁ%faforiﬁfe%he energyﬁgﬁg%?%fﬁgng@gygﬁgxofﬂw

of clﬁghmlggngurther conprising: a pair of energy
absor bi ng’assenbl i es extendi ng generally

| ongi I nal | f.romthe roadside hazard.and spaced
| at er%ﬂ%J ?rfler$¥ %%/ﬁoéb 0¥ clspsars ;dlspﬂﬁedﬁip%ra@% F’O'il%tﬂdaﬁﬁveato the
pai r of bo%%s; and 65 . each bolt having a generally
blount?SSUUTHUPETLPF HEROTANE GFS wi t h the Tands and
associ ated openings. 12. The energy absorbi ng assenbly
of claim10 further conprising: 5 a first row and a
second row of energy absorbi ng assenblies extending
| ongi udheendrgy absorhingeystear off daimt Hefurthes¢omprisimnd t he
second row of energy absorbing assenblies spaced
| at er al | y af firsnsheadlar aridesecomhshredder assembly;

each energy absorbing assembly having at least one energy absorbing
15  element attached thereto; and

the sled assembly slidably coupled to each energy absorbing assembly.

17. An energy absorbing system operable to minimize the results of an impact
between a vehicle and a hazard comprising:
20 the energy absorbing system having a first and a second end;
the second end of the energy absorbing system disposed adjacent to the
hazard with the first end extending longitudinally therefrom;
a sled assembly slidably disposed adjacent to the first end of the energy

absorbing system,;



the sled having a first shredder aligned with energy
absorbing elenents of 10 the first row of energy
absor bi ng assenblies and a second shredder aligned
with energy absorbing elenents of the second row of
ener gy absorbing assenblies. 13. The energy absorbing
systemof claim 12 further conprising the sled
assenbly having a first guide asSsenbly and a second

gui de asse oper.abl e for .respectjyve 5 en ement
Sththe. f ARt PR ARHEY R odiEB RSP B and &eEE) Tom of enerey
absor bj ng assenblies. 14. The energy absorbing
assenBP3PTYNS arsgmiiguextendingdron dprrrdtng: a pair of

ener gy absorbing assenblies spaced laterally from each

ot her; t héhefirsironsandrie secend wwahefenergysbearbingtapsearhtins spaced
ener gy absorbing assenbly; 20 and each energy

absor batergllpromndakcly otbani ng at | east one energy

absorbing elenment di sposed generally horizontal

refative t eadhhemedyebsardigrabdeyh biybhvipeat [¢a3asivbdherdybsorbing
15. The energy absorbing system of claim10 wherein

ener gy¥lealksgr bi ng assenbly further conprises: a pair

of supporting beans di sposed parallel with each other;

5 at | east t&%ﬁ}?&g&‘[%ﬂgﬁﬁggiﬁ?ﬂ sﬁx‘ﬁ&f@?%d Qfsgc%ﬂh%greﬁﬁ’er mounted

each pair of supportihg beans; e supporting beans
spaced_ f her L.l aw each sh ef to :
cnpagr i AR Ay Bk B A A oL B e apsorting

di ssipate energy fromthe inpact of the vehicle; and
the e EF&?“aﬂggrbing el enents di sposed generally

hori zontal relative to the 10 assgciated pair of

suppor t i ngthsekifsassersbly rpung A diry ynd Fevennsgmestiadts yhereby an
claim 10 further conprising: a first shredder and a
seconémpast ebitlechiels savrshe firseerdrofahesled aspobhybiesudts in each shredder
assenbly having at |east one energy absorbing 15

el emedissipatingdtingtict dmergytad theavediicidey shredilingssatibhsyof the associated
slidably coupled to each energy absorbing assenbly.

17. Asnepealgyridbseleenty. system operable to minim ze

the results of an inpact between a vehicle and a

hazard conprising: 20 the energy absorbi ng system

having a first and a second end,

15 18. The energy absorbing system of claim 17 further comprising:
a first guide rail attached to the first row of energy absorbing assemblies
and a second guide rail attached to the second row of energy absorbing assemblies;
a plurality of panel support frames slidably disposed on the first guide rail
and the second guidg rail between the sled assembly and the hazard;
20 the panel support frames having a first position spaced longitudinally from
each other; and
a plurality of panels attached to the panel support frames and extending

longitudinally along opposite sides of the energy absorbing system.



the second end of the energy absorbing system di sposed
adj acent to the hazard with the first end extendi ng
longitudinally therefrom a sled assenbly slidably

di sposed adj acent to the first end of the energy
absorbing system 67 a first row of energy absorbing
assenblies and a second row of er gy absorbing
assenbl i es extending fromthe hazard; the first row

and the second row of energy absorbing assenblies

spaced |laterally fromeach other; 5 each energy

absor bi assenb havi n | eas ne ener
absorﬁ%ﬁgeeE?@ﬁﬁh%”b?ﬁéy§WE8fQ@g%&%gyﬁﬁéﬁ?% $ing  r st
shredder and a second shredder nounted_ thereon and
gener al | y afsspisdye lngitpdap! st fepmeddn egrhpf dogpanelsy

energy absorbing elenments; and 10 the sled assenbly

havi ng a farraspoasied slatplag Sbﬁ@hﬁm‘m@gcd withinceaghelosby an

i npact of a vehicle with the first end of the sled
assenbl y reshistos plare eaahlystitactitbderith diessithapaneysipportfiames to
energy of the vehicle by shredding portions of the

as s OCAlRiEdngi@itihg YnARERhDO 1t FArRMBIPHSHt frhelddd alftRiated panel
ener gy absorbing systemof claim 17 further

conprefkiNgio éachiofret; i de rail attached to the first
row of energy absorbing assenblies and a second guide

rail attachef lgn%fthﬁh‘ﬁﬁﬁs‘?&%ﬁgms‘me gggﬁ)g{on‘%@ﬁ}? Emgﬂgions larger

assenbl i es:

sl i dabl dIS e fir uide.ra

Secont e deraT SRrEenhelRY g e %%w%ﬁ&%tﬁ fisengaged
hazar anel support frames having a fir

pBsi tﬁd FOR ¢ Zt:fp%é%%ﬁ% PIgH Platsiand aftgehed SRRV AR the theah)a pite is
plurality of panels attached to the panel support

f r amekisponer withierihe FRgpedtiya gnleteg martiop- al ong opposi te
sides of the energy absorbing system 68 19. The

ener gy absorbing systemof claim 17 further conprising

a respective longitudinal slot forned.in each of the
panel X}, Thananagy aedoshing systan ofitlainel B ivhekabl sack slyadddd further
wi thin each sl ot;

comprising a respective bolt having a generally blunt, round surface aligned with

15  the associated energy absorbing elements.

21. An energy absorbing system operable to minimize the results of an impact
between a vehicle and a hazard comprising:
the energy absorbing system having a first and a second end;

20 the second end of the energy absorbing system disposed adjacent to the
hazard with the first end of the energy absorbing system extending longitudinally
therefrom;

a sled assembly slidably disposed adjacent to the first end of the energy

absorbing system;



v

5 each slot plate securely attached with one of the

panel support frames to allow |ongitudinal novenent

of the panel support frame and associ ated pane

relative to each other; and each | ongitudi nal sl ot

havi ng an enl arged portion wth dinmensions |arger

than the associated slot plate ereby the associ ated
panel may be di sengaged 10 from'the associ ated sl ot

pl ate and attached.suppont frame n.th a

P G eposh DT RPH PR e bRl N 10Ga S 8he Prgk Penerey
20. The ener sorbi ng. syste f claim17 wherein

each &?P’g’é‘éfe%g?’g]?qﬂ%ﬁteng‘é‘ﬁ%?o%%g‘a%f‘r?;es pective bolt
having a generally blunt, round surface aligned wth

15 the assbefisttaew apd igpsceandapyiod gnere aksoring assemhies spaced
ener gy absorbing system operable to mnimze the

r esul agrdly fagm ieaghaather; bet ween a vehicle and a hazard
conprising: the energy absorbing systemhaving a first
angd a secothd fiendow2 endigy stesoching assembliesthaeingreirgyguide rail
absor bi ng system di sposed adj acent to the hazard with

t he fit.shedeere®f; t he energy absorbing system extendi ng
longitudinally therefrom a sled assenbly slidably

di sposed agl 3GRAH rbW of Bferf} E5brigRHaseémbie HAVREDkecond guide rail
absorbing system 69 a first row of energy absorbing

asse [ second row of energy absorbi ng
asseg%#?géiﬁgggﬁding fromthe hazard; the first row

Spaced | SOBIEIE) e PeRLI BORR A TP SRRy B g cach

ener gy absor bi ng assenblies having a first guide rai
aiQacW@ﬂiﬁﬁireto; the second row of energy absorbing
assenblies having a second guide rail attached .

t hereto; tthe skedmstemply bavirgi firshgeide psembliohidalfyidiposed on the
rail spaced laterally fromeach 10 other; and the .
sl ed fissgutid saileadiarmgeend guidst asspmble shdabihibisgossd pul gl specond guide
di sposed on the first guide rail and a second guide
assenfatly slidably di sposed on the second gui de

15 22. The energy absorbing assembly of claim 21 further comprising a respective
shredder disposed adjacent to each row of energy absorbing assemblies whereby a
collision between a vehicle and the sled assembly results in each shredder
shredding portions of the respective energy absorbing assemblies to dissipate
energy from the vehicle.

20
23. The energy absorbing system of claim 21 wherein each energy absorbing
assembly further comprises:

a pair of supporting beams disposed longitudinally parallel with each other;



«

rail. 15 22. The energy absorbi ng assenbly of claim 21
further conprising a respective shredder disposed

adj acent to each row of energy absorbing assenblies
whereby a collision between a vehicle and the sled
assenbly results in each shredder shredding portions
of the respective energy absorbi;gg assenmblies to

di ssipate energy fromthe vehlcle 20 23. The energy
absor bi ng stem of c

absor bi ng §i§§%%§f§eﬁﬁr ﬂg%mé |Sé§wﬁ&bt %ﬁg%rofmmponmg
supporting beans di sposed |ongitudinally paraIIeI W th
each ¥@RErand7o at |east one energy absor bing elenent
attached to each pair of supporting_ beans; and t

suppor t i ngthpserportEkeams|spaced lﬂt‘Ff?”X fromh casle Athet P?ear“%the
allow the respective shredder to engage the at |east
one emepeglivatisedder trgengheatbaat keast oBe enesgy pheotbiagielegppnt to
fromthe vehicle. 24. The energy absorbing system of
clai ndigdpdteiendigy fromnthe veliiclg. each supporting beam
havi ng a generally C-shaped cross section. 10 25. The
ener gy absorbi ng system of claim 23 further conprising
each supporting beam having a generally L-shaped

Cr 0SS, £G4k leRltgy 2Bsorbiflg §§7E%ng¥f abgeshi hﬁ{heﬁ Y&th5Ri AP EdARLSporting

to mnimze aﬁyl npact “between a vehicle and ﬂ)%)azar

COMPY { SN 1Py LS SN o, ARSOLDLAGoSYSt em having a

first @hd ant abSeco e second end of the
ener gy absorbi ng system di sposed adj acent to the
hazard with the first end extendi ng Iongitudinally

therefrom a sled assenbly slidab dIS ose r oX
t He £33 dihc&nereyrbinling sesty of &‘B%% Bﬂgnwc Supporting

plurallty of panel support franes slldably di sposed on
a fi reganghdving # agnerallydetshapséeroptisegtivtle rai | bet ween
the sled assenbly and the hazard; the panel support
frames spaced |l ongitudinally from each ot her; and a
plurality of panels attached to the panel support -
f r amez6. aidere¥dyeatdording system operable to minimize an impact between a vehicle
and a hazard comprising:
15 the energy absorbing system having a first end and a second end,;
the second end of the energy absorbing system disposed adjacent to the
hazard with the first end extending longitudinally therefrom;
a sled assembly slidably disposed proximate the first end of the energy
absorbing system;
20 a plurality of panel support frames slidably disposed on a first guide rail
and a second guide rail between the sled assembly and the hazard;
the panel support frames spaced longitudinally from each other; and

a plurality of panels attached to the panel support frames and extending

longitudinally along opposite sides of the energy absorbing system.



| ongi tudi nally al ong opposite sides of the energy
absorbing system 71 27. The energy absorbi ng systens

of claim26 further conprising: a first row of energy
absorbi ng assenblies and a second row of energy
absor bi ng assenblies extending fromthe hazard; 5 the
first row and the second row of .energy absorbing
assenbl i es spaced laterally frgﬁ1each ot her; each

ener gy absorbi ng assenbly having at | east one energy
absorbing element; the sled assenbly having a first
shredder and a second shredder nounted 10 thereon and
gener®l- iTe gnargnabsoripgsystans Hfstim; 2 fagherrompyising:
absorbing el enents; and the sled assenbly having a

first end 4 fwst ry ofensrgyrapsenbinisfassemitlies eid/a sgrond npraof energy
of a vehicle with the first end of the sled assenbly

r esul dbsorbingesdmisies eddeding diogsthpabzandy ki neti ¢ ener gy

of the vehicle by shredding portions of the associated
ener gy absfé Birdt gow hedrBtsscondiFowR DS efdiey ebwrigig abembhiedgaced
systemof claim26 further conprising: a respective

| ongi LisgiRatoms k&t §iRémed in each panel; a respective
slot plate slidably di sposed within each slot; each

Support 1 reanpetiry Yo AGEnh AR Resl i RS bsorbing

novenent of the panel support franme and the
assocTHPeY: panel relative to each other; and each

| ongi tudi nal sl ot having.an enlarged portion with
di mensi onsthf aledassembhahavingea fstgurddenand? srcopg ghrgddep mounted

29. A nmethod for absorbing energy to minimze the

r Bsul thereot and gesierallyiabigné¢sbrammehto asspeantiecheriergy abspibingeelements; and
traveling on a roadway and a hazard conpri sing;

i nst al | i nghaslpdiassemblyelmying/a Hitsserdfanigg assaningitedfigivhereby an
each energy absorbing assenbly havi ng associ at ed

ener gyhpabisdrabiehyleeWiivetiet firsvénidlof shef sledsdssamidly résudth ireeech shredder
ener gy absorbing assenbly facing the oncom ng vehicle

3!’“1 3di§s‘§§a@iﬂ§ kefedc eﬂérg?@FfheQ@Eiﬁ&?oyﬁhﬁéﬂﬁbig%rﬁk&&%bﬁeyassociated
i sposed adjacent to the hazard,
energy absorbing elements.
15
28. The energy absorbing system of claim 26 further comprising:
a respective longitudinal slot formed in each panel;
a respective slot plate slidably disposed within each slot;
each slot plate securely attached with one of the panel support frames to
20  allow sliding, longitudinal movement of the panel support frame and the
associated panel relative to each other; and

each longitudinal slot having an enlarged portion with dimensions larger

than the associated slot plate.



installing a sled assenbly having a pair of shredders
di sposed adjacent to the first end of the energy
absor bi ng assenblies and the sled assenbly di sposed
bet ween the oncom ng vehicle and the first end of the
energy absorbing 10 assenblies; and aligning the sled
assenbly and the pair of shredders relative to the
ener gy absorbing assenblies w th each shredder

ori ented gener rmal to resp ectl

absor B- mé}hé’ﬁg %{’ ?"Wgﬁé‘e'égﬁf é? 59 ‘)(‘B lreﬁﬁpsagg%?%ll jigy between
15 30. The met hod of cl aim 29 further conpr.i si ng

i nst att prrgmeRE Yehddie Frayeling 98rEP#YY Y20 @3PYrd FPRRIISIRG
respective energy absorbing el ements di sposed

general | y inseHingarpteir of ea¢rgy iabworhiog assembbiesawily cach Energpie

met hod of claim 29 further conprising installing each

ener gybsaksgy Hsargbly2aviag aesvblayedwintigy taheorbipg pleotentsewith a first end
ener gy absorbi ng el ements di sposed generally vertica

rel at pp&@ch @nérF? abRAINRNssedBly fAfing fiRroByodbgasehictdand a second end
system operable to mnimze the results of a collision

bet wegf. 2 ¥§J}g§ La@sofrlgxﬂé/ §§sEﬂ91yQﬁsp%s€o(&ﬁid/@bft Bk zhizar d

conpri si ng he enher gy absorbing systen1haV|ng a

first end an 11 aescf@ m&-gﬂg hguﬁ%ﬁggﬁgﬁsﬁ@@de%dlgﬁed adjacent to

energy absor sys pose Jacent to the

23;? reﬂ\ ggftgﬁarﬁ &e{qrﬁ%x%ggfaga%&fngtgp%m 1es tﬂ? gl%& Qés@ﬁqbly disposed

ext endi ng between t he st end_ of th
absor BftHEeR s8R mIg VFI\‘@ ed Shafishendd tﬁ%"e“eg%eaﬁ’ég}rbmg
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15 30. The method of claim 29 further comprising installing each energy absorbing
assembly with the respective energy absorbing elements disposed generally

horizontal relative to the roadway.

31. The method of claim 29 further comprising installing each energy absorbing
20  assembly with the respective energy absorbing elements disposed generally

vertical relative to the roadway.

32. An energy absorbing system operable to minimize the results of a collision

between a vehicle traveling on a roadway and a hazard comprising:



each slot plate respectively engaged with one of the
panel support frames to allow |ongitudinal novenent

of the panel support frame and panel relative to each
ot her; and an enlarged portion forned proxi mate an
upstream end of each longitudinal 20 slot to allow
renoval of the associ ated panel;&ronmthe respective

panel support frane follow ng d vehicle collision
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beans; the energy absorbing systemhaving a first end
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of each energy absorbing el enent; and

a longitudinal slot formed in each of the panels;
15 a respective slot plate slidably disposed in each siot;
each slot plate respectively engaged with one of the panel support frames
to allow longitudinal movement of the panel support frame and panel relative to
each other; and
an enlarged portion formed proximate an upstream end of each longitudinal
20  slot to allow removal of the associated panel from the respective panel support

frame following a vehicle collision with the sled assembly.

33. An energy absorbing system operable to minimize the results of a collision

between a vehicle traveling on a roadway and a hazard comprising:
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t he supporting beam 38. The energy absorbi ng system
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34. The energy absorbing system of claim 33 further comprising;

each energy absorbing element having a generally elongated rectangular
configuration defined in part by a first longitudinal edge and a second longitudinal
edge;

20 a first row of openings and a second row of openings formed along each
respective first longitudinal edge and second longitudinal edge of each energy
absorbing element; and

a third row of openings with lands disposed therebetween extending along

the length of each energy absorbing element between the first row of openings and



in the retainer plate; the first opening sized to
receive a first nechani cal fastener extending 10
through the associated energy absorbing el enent and
the supporting beams; and the second opening sized to
recei ve a second nechani cal fastener extending
t hrough the associ ated energy ahsorbing el enent and
the supporting beam 15 39. The energy absorbi ng
system of claim 38 further conprising: a keeper plate
at t achescspnd oW RECPRMNGSet ai ner pl ate opposite fromthe
supporting beans; a first end of the keeper plate
securely engaged with the first nechanical fastener;
and 20 a second end of the keeper plate disposed
pr oxi 3aflae ehagpabsorbing ey stens abélgim Brbietetrethn mechani¢dh asteners
retainer plate.
further comprise:
5 a plurality of headless bolts securely engaged with respective openings in
the supporting beams; and
dimensions of the headless bolts and respective openings formed in the
first row of openings and the second row of openings in each energy absorbing
element selected to allow installing and removing each energy absorbing element
10 without disengagement of the headless bolts from the associated supporting

beams.

36. The energy absorbing system of claim 35 further comprising:
a plurality of bolts with heads engaged with respective openings in the first
15 row and the second row of each energy absorbing element and respective openings
in the supporting beams; and

at least one of the headless bolts disposed between the bolts with heads.

37. The energy absorbing system of claim 33 further comprising:
20 at least one nut retainer securely engaged with each supporting beam
opposite from the associated energy absorbing element;
a nut disposed within each nut retainer; and
the nut operable to receive a bolt extending through one of the openings in

the associated energy absorbing element to the securely engaged the energy
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absorbing element with the supporting beam.

38. The energy absorbing system of claim 37 wherein the nut retainer further
cdmprises:

a plate having a generally rectangular configuration with dimensions
compatible with attachment to the associated supporting beam;

a first opening disposed in the retainer plate and a second opening disposed
in the retainer plate;

the first opening sized to receive a first mechanical fastener extending
through the associated energy absorbing element and the supporting beams; and

the second opening sized to receive a second mechanical fastener
extending through the associated energy absorbing element and the supporting

beam.

39. The energy absorbing system of claim 38 further comprising:

a keeper plate attached with the nut retainer plate opposite from the
supporting beams;

a first end of the keeper plate securely engaged with the first mechanical
fastener; and

a second end of the keeper plate disposed proximate the nut to releasably

hold the nut in the retainer plate.



