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Section .202 of the 1998 Tr.asportation Equit;’ Act for the 21% Century required thz Secretary of
Transportation “. . . to ssde guidance regarcing the benefits an safety performarice of
redxective and nonred.rective crash cushions in different rosa applications . . ..” and to provide
... recommendz‘ions on the most a°propriate circumst.=ices for utilization of redirective and
nonredirective crash cushions.” Thz attached guidelir#; include the crast. _ushions that hav:: been
currently acc(ted for use on th= National Highway System under the (st evaluation criceria
contained .3 NCHRP Repor¢ 350 and provide general information ¢n the characteristics of each,
includi's; relative initial costs, maintenance ai:) repair characteris*ics, and performe.-e limits.
Witl.u these general griudelines, a State trovsportation agency wiay select any dexgn that is
cuzapatible with the <lie at which it will »e installed. The 2.*¢nuators thus cove.ed include:

. "_rash Cushion A:*enuating Terminal (CAT)

. Brakemaster

. ADIEM

s TRACC

. Narrcw Connecticut Impav.¢ Attenuation Sysiom (NCIAS)
. REACT-350

. t>uadGuard

. Sand Barrels

. Connecticut Impact Attenuatior System (CIAS)
: QuadGuar 1 69-90

. QuadCu«rd LMC and Qug2Guard Elite

. Wide REACT

All of the abriv= crash cushions, zzcept sand barrels «ad the Connectic'.+ Impact Attenuaticz
System (CIAS), are classified =3 redirectional, i.c . ‘'vehicles impacticg on the sides of thos2 units
will generally be directed ha<x towards the roadway. Sand barrels and the CIAS will zenerally
slow and stop (“capturz’} most impacting vcaicles with little . 10 redirection. fowever, if the



CIAS is~uuck near the rear of the steel cylindsis, it is designed to guaide a vehicle past ihe
shieldc4 object. In other vords, the CIAS k=comes a redirect'onal attenuator wheo the impact
paint is close to the rear of the array. The CIAS and the N(ZAS are currently the only non-
croprietary crash ~tchions that meet NCHRP Report 350 suidelines.

Additional imiurmation on these ~cvices can be found at http://safety.favva.dot.gov/roadsics. If
you have S ther questions, rirase call Mr. Richard Powers at 202 355-1320 or conta’t hum at
richarc. sowers@fhwa.dot wov.

Lyaiachment




GUIDELINES SJR THE SELEC7ION OF CRAS? CUSHIONS

+, Introduction

Crash cushiowns or impact attemovors have gained widespread acceptesice in the United Stores
since theis uitroduction in the carly 1960's and have proven to be hizuly effective in re ticing the
severity of many crashes. - ~ccording to NH'SA’s Fatal Acciden: Reporting System (FARS) data,
ther< were 249 total fa.~lities nationwide § m 1988 through 7598 in which the {+st harmful event
w3 reported as an ii»pact with a crash-«ushion. The majoricy of these fatalitics (184) occurred o
urban freeways, ~xpressways, and sti<ets. Fifty-seven of the 249 fatalities cocurred in

work zones. Utafortunately, the ‘ctal number of hits i3 not known, but =y average of less t*.»n 25
deaths per 2ar on crash cushi »as is an extremelv «nall percentage o< the approximatel: -:9,000
deaths ficm all motor vehic crashes.

Trpically used to shi2id hazards on high speed roadways th~? cannot be remove:] or effectively
snielded by a long t.dinal barrier, the ~umber and type of crash cushions available for use have
proliferated in recent years. Althouzh each performs ¢:sentially the same “unction, there are
differences i, .ite various units ¢urently available that design engineers need to consider wiien
selecting ~. appropriate crasi cushion for a speciiic site. These guidelines are intended to aid in
that sel=Ction process.

2. Redirective vs. Nuaredirective C-u*a Cushions

A redirective <.;ush cushion may “e defined as one which is designed t¢ fanction like a long7udinal
barrier whr struck along its.stes, i.e., an impactizg vehicle will nor«zally be directed hick
towards the roadway after 4 <rash. Most crash cushions meeting NCHRP Report 35C evaluation
criter’> fall in this categciy. In contrast, 2 nonredirective crask zushion has little capability to
resirect a vehicle upon‘impact. Instead, ine vehicle is “captired” and comes t:. rest in the
inmediate vicinity of the crash cushicy.” The commonly vsed sand barrel &xt«y is the only crash
cushion that is ~>nsidered to be ful'y nonredirective. The Connecticut I'nzact Attenuatiop Svstem
(CIAS) is a »caredirective attent.ator for most hite tut is designed to :«direct a vehicle ctrixing
the side cinse to the rear of the array.

Or~¢ again from FAPS data for the years 1988 through 199" of the 188 single =hicle crashes in
which striking an imact attenuator wasihe first harmful vvent, in only 83 cascs was this initial
impact the most "wrmful event. In 36 instances, the imoacting vehicle overturned. In 29
instances, th: n.ost harmful ever: was a collision wi*v a bridge pier, bridge rail, guardrail n:
concrete barrier. Forty-three n2rsons were killeC v/hen a vehicle that Grst hit a crash cusiton
subsequently collided with ~.ie or more other vehicles on the road vay. Since the FARS data are
not detailed enough to-iG=atify the specific i} pe (or pre-crash ¢cndition) of the crash cushion that
was struck, it is not possible to draw fiza: conclusions fro ninis information. 7?owever, one can
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conclude Jiat neither a cavability to “capture” 2 vehicle nor a capabiiity to redirect a vanicle will
assv-e successful field peitormance. Other {actors play a more important role in tle selection of
th= “pest” device for o2y particular appl'cruion and these vi'z be discussed belos .

3. Crash Cus.aon Selection Gudelines - Geneial

There «t five primary chs-ucteristics of cras:. cushions to considu: in selecting a specific type for
use . ‘any given locatic». These are its pai“ormance capabilitics, its physical size , its compatibility
wih any existing fearures to which it ma; be attached, its ininal cost, and its h=-cycle
maintenance and ropair costs.

a, F~formance Chara . eristics

For.uew installations, crirent FHWA poliry c2quires the use of viash cushions or .2 National
Hizuway System (NHC) that meet the e aluation criteria of %CHRP Report 31:C. Three test
izvels are defined [n tnat report. Impe: speeds of 50, 70. <nd 100 knv/h correspond to test leve's
1, 2, and 3. As with all barrier ter_xials and crash cugiions, the FHWA ¢onsiders a test levei s
(TL-3) device w0 be appropriate tor use along roadways that have ope: aung speeds up t aid in
excess of 10 kmv/h, Althovih it is possible to c>sign crash cushiors ror end-on hits at higher
impactspeeds (and for vehicles larger than th+: 2000-kg pickup *.ck), the total len-*h of a unit
wor4 have to be incresed significantly te accommodate the igher speeds and hcavier vehicles.
Additionally, all of (X< tests recommeng~d in Report 350 fi.» a crash cushion ~v+Suld need to be run
at the higher speza 0 ensure that the unit would meet the appropriate evalustion criteria for oth
the 820-kg cer 1ad the pickup tri:ck for both head-or and angle hits at ‘p2 nose and along t%z
sides of th vnit and that any.c*anges made in the 2esign would not cv mpromise its perf-rmance
for lower-speed impacts.

S«me of the units d-sc:1bed below have “wen modified and 1osted to test level 2 (70 km/h impact
speed). Their use should be restrictec:?v locations wher* sxpected impactz 71l be at or below .2
tested speed.

b.- \*nysical size

Cresh cushions general™ rall into two size- ~¢lated categories - narrow and wide - T he narrow
units are intended priauarily to shield the-2nds of median boyiers, but are soraecimes used to shiels
the ends of roadsi’e barriers. This latter application is s#idom cost-effective since there are
several barric: t:rminals available :..at are generally '¢ss expensive thap a crash cushion and =lso
have energy-absorbing capabii.ies.

When a wider object 1. be shielded, a crs~a cushion that is ¢« least as wide as the hazard must
be used. Ifsand barrels are selected, the crea available for «bc sand barrels mus: ve wider than the
shielded object so the leading corner ¢f the hazard can be partially shielded.



. “Compatibility

Some crash cushions buve been develoy e for use in specifi situations and car be attached
Jirectly to a mediau barrier whereas others need to have  rear anchorage sy-tem and oftentimosa
transition sectic’. between the back of the unit and the barrier. Units that are vulnerable to
wrong-directiun hits must also <how satisfactory vetiormance under th:se impact conditicss.

1. Initial Cost

Te price of a crash cushion may vary cunsiderably, but can oe categorized 2= ‘ow, moderate, ¢ud
nigh. Low cost 1uits include the Crush-Cushion Attermating Terminal (C/(.7), the ADIEM, and
most Sand Baral arrays. High (o5t units include th¢ ZJuadGuard 69-9%, (e QuadGuard I21C,
and the Ov.aGuard Elite.

e. Maintenance and Repair Costs

Z_rash cushion ma n’enance and repeit <osts can also be ~utegorized as low, medium, and high.
As would be expected, devices witi: the highest initial < osts usually have “.rrespondingly lewsr
maintenance >ud repair costs. Tuis is primarily due w the fact that lit*.> or no routine
maintena:\we is required anc th¢ units are significantly “self-restorina™ after many impacts. In
contrat, units having high maintenance and ~pair costs are usva iy destroyed whe. hit and must
be zoplaced. Units wit', medium repair coaus typically are at 1>4st partially reusebi< following a
coush. Regardless ¢4'the effort requirsd (0 return a damagvy unit to a serviceaute condition, it is
important that tkis oe done as quickly as possible. The socation of crash cusaions, particular'v
those located \: gore areas on hixh-speed, high volunz freeways and e <rressways, makes @..em
extremely winerable to freque™ impacts. In theso mstances, a crast cushion requiring 4 routine
maintenance and which can e replaced or repaZed quickly when ramaged would uscaily be the
most 2ppropriate choice

4. Recommenc.»d Usage by Speciuc Attenuator Type

This secticu provides some general informatior. .0 the specific tyjes of crash cushions tnat
curreri.y meet NCHRP Peport 350 evaluatic . criteria for a test level 3 (TL-3) device.

a. Crash Cition Attenuating ‘Ycrminal (CAT)

The A1 is best suited t7 1erminate a doub!=- taced strong-pos: median w-beam balzier. It
can be attached directly to a vv-=beam median bar isr and to a Thrie b~am median barrie: 1sing the
standard w-beam to Thrie “vam transition piece. Ifthe CAT is atizched to a rigid ba.zser such as
the concrete safety shepe, a transition simili» to a guardrail-to-undge rail transition is needed.
After an end-on impacy, the CAT must *\ replaced becausc *iie w-beam rail el-.uents are
destroyed and the weakened timber r.osts (CRT posts) are snapped off.



k. “Brakemaster

The Srakmaster is sirryiar to the CAT ir epplication and may be attached direc:y to a w-beam or
7 nrie beam double- *.ced median barrier, or to a rigid bar*2r with an approp.iate transition. It
differs from the AT in that its sur«ort posts rest on tx ground and slide backwards in an £od-on
crash, thus m:.ling most of the uwits reuseable. Poy ever, the spring-!>aded braking mect.aaism
which is t2x energy absorbing: aevice must be replaced or refurbish=a by the manufact wer after a
crash.

c. ADIEM

The ADIEM v s developed to tridnate and attach <irectly to a concrr:« safety shape mesian
barrier. It 7nasists of a precas:. concrete base ont¢ ‘which low-streng.* concrete modules are
placed. TlLiese modules are < ated to prevent rouisture from deteriorating the low-streugth
concrete from which they are made. Severaistate transportatis. agencies noted fi:at the covering
wes <asily torn durine fstallation or as s4he result of minor k’:s and that the mc d-iies became
‘neffective when va‘er penetrates th “oncrete. As a resi't, some agencies have limited the use «f
the ADIEM to temporary (i.e., woi% zone) applicatinus. In response to t2is concern, the
manufacturer «eveloped and tec'ca a plastic cover as'an interim measi = and has since aiopted a
new coatit,3 for the module- t¢ protect the conrizie from moisture:

d. Trinity Atter.ating Crash Cuskiva (TRACC)

The TRACC is a n.edium- priced attenuator designed to attach to a concre(s median barrier.
Consisting of a1 impact “sled,” energy absorbing tracxs and w-beam si‘ie panels, it can be
repaired in ©'ace for minor imgucts. To repair mrocrate to heavy da.age, the unit can t«
removed, replaced with a p¢*# unit, and repaired off-site.

e. Narrow Cunecticut Impact Atienuation System (NCIAS)

The NCIAS is # non-proprietary d=.ign developed for the Connecticut D¢ zartment of
Transportatin:« Consisting of si:2l cylinders, re-dit=ctive side cables, aad both front and back
anchorages, this attenuator was designed to shieia concrete barrie:. -i¢ can be repaired du-site for
minor iinpacts (barrels can be jacked back to “round”), but must be removed and restaced

foll »w/ing major hits.

f. REACT-350

The REACT-350 looks simila~ o the NCIAS, but ‘ts cylinders are m2de of high-density
polyethylene, a material thet ~etains its original shape when its loa(«ag is removed. Tuus, for
many impacts, the REACT-350 is essentiall * self-restoring and i squires little maintenance. It is
intended primarily to suield concrete meniun barrier and is Lest used in locatior:z where frequent
hits are expected.



g. QuadGuard

The QuadGuard is the Ceport 350 version uf the GREAT irv act attenuator. Vi™ile similar in
rwmction, the QuadCrard slides back on a single track wha struck head-on a~J uses specially
fabricated side punels having four ¢ »:rugations in contiast to the Thrie-heam fender panels vasd in
the GREAT. X.1uch of the Quan{yaard hardware 5 rcusable following 2 crash, but the en=.3y-
absorbing zartridges in each Fey need to be replaced. The QuadGuesd can be attachec cirectly to
a w-besn or Thrie-beam rvdian barrier as w.'l as to a concrete sxiety shape.

h. Sand Barre:s

There are currcrity three types o sund barrels on the snarket: Fitch, Enr>yite, and TrafFix
Devices. Al*uough the individ-al barrel designs vivy in shape by mar.*Zacturer, they all S.zction
the same ~.d are, for the san.c weights, interchaugeable within a given array. Sand ba:els are
unigue in that individual &».ays may be desizczd to shield any shope hazard using ti.< transfer of
meiientum principal. . erhaps their bigg »st drawback is thei: susceptibility to (smage from
suisance hits. For'this reason, they ev¢ best used in areas “»here hits are infrequent so they do ncs
become a continuing maintenance n-oblem.

Since the <oud barrels have ro appreciable redireuve capability, care must be used in the design
to ensu‘e the corner of the hazard is reasonat’~ shielded. To acs-mplish this, the reor corner
barra should overlap tho shielded object b at least 30 inches.. The FHWA has o' allowed a
n.~Jified single row <i:sign for temporai use in work zope> where traffic passi.s on one side only
of the array.

i. Connecticut Impact “*1enuation Syster; ' CIAS)

Like 17> NCIAS, the CLAS is a non-proprietary crash cushion roade from steel cyiinzers.

Hn wever, it is intendoa ¢o shield wide hezacds. Vehicles imriacting near the fre nt of the CIAS are
“captured” by the cylinders as they co’lapse under load, l'w: vehicles striking *ze side of the unit
near the back ar. directed past the s.:ielded object. The CIAS can be refur:<shed in place
following min:< hits, but must b¢ vemoved and repli«ed if it is significcitty collapsed.

;. QuadGuard 69-90

This unit is similar tc «he basic QuadGu.-d discussed abov=, out has outwarZly .apered sides so it
can be used to shiv:d wider hazards,



¥.“QuadGuard LMC and QuadGuard Elze

These two units use the same general frumework as the Qurz?Guard, but use di“crent energy
susorbing elements The QuadGuard LMC uses elastom:ric cylinders and t..> QuadGuard Eli¢»
uses the same ty, ¢ of high density [»>lyethylene cylindovs that are used in the REACT-350. Hoth
units are esse.ially self-restoring after most impasts and are best suits4 for use in locatinis where
a high numicer of hits are ant’cipated.

1. Wide-REACT

‘'his unit is similay 10 the original RE~.CT-350, but us>s a double column «f polyethylene
cylinders that «rs separated from each other so an arsa up to approxims:«ly 10 feet wide ¢ be
shielded. Faur steel cables are anchored front anc back on each side <7 the unit to provile
redirectiv~ in side impacts.'. Zne manufacturer “aergy Absorption, Inc., has placed a .aoratorium
on the sale of this unit bascd on unsatisfactory test results on 2 vuriation of the Wit'e-REACT
design.

5. Need for Continuing Surveillpi-ce

One of the ruajor drawbacks ir. selecting the mo:: appropriate crask cushion to use at a specific
locatioiis the lack of usable field performanc.> data. Although s~me conclusions ¢ be drawn
fror: uvailable FARS d.ta, critical informat.on such as the ty}. = of crash cushior ¢=uck or its
c~udition prior to iingact is not readily ¢vailable. There bas been some detoild studies on
impact attenuator performance in the past by individua! liate transportatin:* agencies, but mere
current inforption is needed to assess the performa ice of the many ncw: types of devices *::ut are
currently t2ing installed. Sinc‘ne annual numbe;: uf fatal crashes ir.» impact attenuatc«s is
relatively small, it should nc* be particularly di.Scult to obtain deiaZed information ow cach fatal
accidait to determine whoiner or not the performance of the device itself was a faczor in the crash
Se\‘.ﬂty.

There are nume.ous types of crash.cushions currently in place nationwide. ‘Many of the desijas
popular in ti¢ 1970's were not tésied to the standain3 we use today ard many are mainten:uice-
intensive {such as the water-fuicd units). Such ~rush cushions shoulc be systematicall replaced
with crishworthy designz. Although FHWA ©olicy allows existing crash cushions *at at least
me st INCHRP Report 23V guidelines to reinain in place wher XR-type projects 2= undertaken,
State transportation ~gencies should be sacouraged to upnade these install2ticuis when the

opportunity arises.



6. P¢'.rences

7 uere have been several publications which discussed crasn cushion design, (=sting and selectic+.
While the inforri.xdon in some of t*e:m is outdated, th<~c documents provide historical
information a- well as basic baciwcound informatiast on the evolution o crash cushion ussge in
the Unite? States. These dorunents include:

“CP.A\SH CUSHIONS! Selection Criteriz. £=d Design”, FHW# Report, Septemh>. 1975,
AASHTO “Guids or Selecting, Locaung, and Designing Traffic Barriers.” 1v77.

NCHRP Rzport 230, “Reconr.ended Procedures or the Safety Peric:mance Evaluaticn of
Highway /ippurtenances,” \urch 1981,

AACHTO “Roadside 1 esign Guide,” 1689,

NCHRP Report 350, Recommende* Procedures for t's.: Safety Performar«.e Evaluation of
Highway Feg«.res,” 1993.

NCHR7 synthesis 205, “Pertormance and Or:2rational Experier-v of Crash Cushic.s - A
Syr:hesis of Highway *'ractice,” 1994,

AASHTO “Roadsiie Design Guide,” 1996.
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Fodoral Highway
Administrotion
. \ SENT VIA E!. cLTRONIC MAIL
Supect;,. ACTION: Supplerientary Guidance fo.the Sclection of W+F2am Barrier Daw:/ .. | T
Terminals

~
/%&%3%@7 .
From: John R{e5axter. P.E.

: & . |
Direcior, Office of Safet; Design Redly 1

Atn of HSA-10

Te: Safety Field

My October 26, 2004, riemorandum, “Guidsace for the Selectior of W-beam Termina!s™,
Jansmitted detailed information intended fr use by roadway dsigners as an aid in‘sciecting the
most appropriate ' -beam terminal fora specific site. The gcidelines presented ticrein are
currently being voviewed by members of the AASHTO Teznnical Committee for Roadside
Safety for.inclusion in the next ediiion of the AASHT( Roadside Design ©:ide (RDG). In the
meantim+, some have expresscc a concern that the feaeral guidelines ar= misleading in regacd o
the runout areas needed beiniid and beyond gatio:s terminals. This m=morandum provides
addinonal information to assist designers in rn.axing appropriate bawner terminal seleci.ans.

Current terminal.s®i2ction recommendsions, both in the FF YA Guidelines and i+ the 2002
RDG, call for ainimum distance ¢€75° x 20" adjacent L the backside of the s -beam
immediatelv.downstream from the terminal end. This Cistance is clearly nored as being a
minimuny Gistance bascd on th= final resting positicic of the 1800-1b smaiicar in several W-buaun
terminal end-on tests (NCRYP Report 350 test-3-40). Given the greatc weight and resulran
impact severity of the 44G5-1b pickup truck, it 1s obvious that a grealer runout area woria be
sueded for the truck iinpact at the same sneed and angle (test 3-51). Several indiviauai
acceptance lettery nave specifically notea the distance trave!~C oy the pickup truc! in the
certification tests and have recommeiued a minimum ler'ah of barrier to aceoimodate the
observed po.r-crash trajectory.

To assi=® the designer in selosing an appropriate crminal at a specific uite, | am attaching with a
tabu'sr and a graphic summary showing the ditances traveled and vie reported resting vositions
o voth types of test vihicles in selected cerutication tests. These test data show thewxported
resting positions ovoth the small carand the pickup truck aficr impacts into enctyy-absorbing
designs (BEST k. 1-series, SKT, and FLEAT) and non-er:2igy absorbing desizns (REGENT,
SRT). As wouid be expected, in che end-on tests (3-30and 3-31) the impacting vehicles traveled
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a greater gis.ance behind the baiver after striking noY-energy absorbing trminals. Also as
expected. terminal type has litiie affect on a vehiziv's post-crash travii aistance when imnizicd
at an-u.gle (tests 3-32 and 3-33) because energ v-absorbing terminals are most cffcctivein
Fipiting penetration beiid the barrier in head-on crashes. Fino:ly, as noted above, kigacr
weight vehicles traviiud further distanc(s anter impact.

The selection <t an appropriate W-csam terminal must b+a deliberate choice bascd on specific
stte conditior's. At locations wiire:

e . flat anglc impacts a:e possible and th= terrain behind and aciiacent to the barrier could
allow a vehicl< tc reach the shielded hiazard, or

o where the (v behind and adjrecent o the barrier it s dvance of the primi <y (shielded)
atea uf nevezern is itself likely 0v'cause serivus vecupant injuries in a crace,

either the trier itself should ov lengthened to lesce s the likelihood thac vehicle behind the
rail will reach the primary (o .ny secondary) fix=(. Sbject or non-traversable terrain, or an
energy-absorbing rerminat should be consldecea. Even in the larer instance, the recorimended
minimum runout area siould be provided swhirever practical.

Please discuss bamer terminal selection procedures with thnse in the State DOT responsible for
this activity to cnsure they are awa<: of current guidelins and are taking the.n into consideratiop
in their terw.:inal selection and installation decisions.” S:ates not already ¢c g so should also be
asked tn “nvestigate all fatal <iashes involving bar-cr terminals to detei*riine if the barrier leagth
or teri*;nal type/location n.zy have contributcd 1S the crash severity. . in-service performance
eva'uation of all safety appurtenances is the-G.aly means availakle <o verify the assume2
¢:ashworthiness of c4tety hardware based un limited certificotion tests and to iderhiy unforeseen
problems with hariware that need to v~ addressed.

Auachrien



Fuli Scale Grash Test Results ior W-Beam Terminals
(Final Rasting Positicriof Vehicle Stiown for TL-3mpact Condiiion)

System Test 3-GU Tast 3-31 Test 3-32 Test 2-33
Type / Namgc 820kg / 0 dey / uffset W/4 200(3".;; +0deg/ centered_ ;. 520kg / 15 deg / ce tered | 2000kg/ ?5 «2g/ centered
Tangzer Lt n !
BEST at 5.8 m(28.9 ft)’. i Lat. 0.9 m (3.\ ft) Lat. 13.2 m (43.3 ft) ‘Lat. 21.3 m (69.9 ft)
. Leig. 177.1m (56,111 Long. 8.9 m (252 1ft) | Long. 24./m(71.2ft) | Long. 36.6m (120 £}
Enera Absorbing |. ) > ¢ Y
Tangent R\ Lat. 35 n (6.6 ft) \
ET 2000 Lat. 1.7 m /2.6 ft) Long. 7.52 m (25.0 ft) Lat. 4.6 m (15.1 4, Lat. 36.§ m (120 ft)
| \ Long. 6.3+ (20.7 ft) Lot 0.0m (0.0ft) «;'Long. 17.1 m (Sa. ft) | Long. 10753 m (354 ft)
Energy Abscibing _ Lang. 12.0 m (39.445 N
Tanqgnt Lat. 5.0 m (16.4 ft) : Lat. 0.0m (0(} W) \
SKT | _'ong. 10 m (32.8 ft*" | Long. 15.2 m{43.9 ft) Lat. 2., m (6.6 ft) Lat. 35 m (115 ff,
‘ . vat. 5.7 m (18.7.4) Lat. 0.0 1> (0.0 ft) Long. 37.0 m (121 ft) » Long. 90 m (290 &)
Eneigy Absorbing Long. 8.5m (Z/yft) [ Long. 17&:m (57.4ft) [ . _
Flared Lat. 2.7 m (5.6 ft)
: FLEAT Lat. 0.0«» (0.0 ft) *Leag. 32.0 m (105 ft‘)_I Did Not Conduct Did Mo! Conduct
U Long. 3.5'm (18.0 ft) rLat. 1.6 m (5.3 ft)
Energy Absorbing . Long. 9.7 m (31.2 i) \ <
Ciared tat. 3.0m (9.8 ft Lat. 1.0 m (5.3 ft) ]
REGENT ong. 19.0m (62 5 ft) | Long. 44.C.in (144 ft) 03,2 Not Conduct Did Not Conduct
Ston-Eneray Absorbih Lat. 1.5 m /4.3 ft) Lat. 4.6 m (15.1 ft)
| pron-tnergy ABSOEY9 | Long. 29.5:1 (96.8ft) | Lora. 77.2 m (253 ft)
Flarec at 5.2m(17.1 ft)
SR Numbers Were rong. 41.8 m (137'R) Did Not Counduct D~ Not Conduct
S . Not Reported {  Lat. Not Reported
Non-Erieryy Absorbing Long. Past t.<; 53.3 m
) (175 ft) test installation |~ o

** The FLEAT 3-31 Laiig. 32.0 m (105 ft) vali=is from a test involvr.3 the impact head deforming sufficiently tc tiock the rail outlet.. 7.2 rail kinking
stopped after only abcuc 1.5 m (5 ft). Wheiivie impact head wezs vther reinforced to provent this behavior the vehicle stopped about 1/3 the distance.



Post Impact Vehicle Trajectories
(Shown are Fira! Resting Positions for Varidous NCHRP 250 Roadside Terminals)
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A~ BEST Termina’ Test 3-30 #B+F+N
3 - BEST Terminzi Test 3-31 &E+M
C - BEST Ter:nal Test 3-32 +.N (early design, £<e note)
D - BEST Terminal Test 3-33 o’
E - ET “crminal Test 3-39 \ 237 \/5ft) x 6 m (20 fy)

F — ET Terminal Test 2-2
G - =T Terminal Tes.; 3-32
n= ET Terminal Test 3-33

Ar=a as Describec in the
AASHTO RDG S=sdon 8.2
| >

| — SKT Terminal Test 3-30 No.-Energy Absar‘,l‘ng Terminals:
J = SKT Teiniinal Test 3-31 : '
K — SKT Terminal Test 3-32 tRecommendec Minimum 175 f*, Ciear Area Whers the
L - SK1 “ferminal Test 3-33 Vehicle Car: (vavel. Refer to ”i{WA Acceptance Letters:
M < -LEAT Terminal 'est 3-30 e f.C-56A — MNDOT - cccentric Loace Terminal .
Iv= FLEAT Termit,xi Test 3-31 e >C-72 - Trinity !"\austries — Slott.d Rail Terminal
: . » CC-80 — Enerxy Absorption S;'C‘ams — REGENT
— REAS - s S .
D RN Jorminal Jest 3-30 e CC-84-CTDOT - TL-2 MELT 7erminal
Q - SRT Terminal Tast 3-31 L v






