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1 INTRODUCTION 

The use oflhc di vidcd high",'lIY scpanltcd by a median area has been a valuable safely feature 

in modem roadway design. The median allows a safe recovery area for errant vehicles to come. to 

rest without impeding upon Qncoming lraffic. It is p<)SSible, hQwcvcr, that the mediwl is IlQt always 

a safe zone for vehicle re<:overy. Many roadway Slt\lCturcs are built in the median such lIS bridge 

supportS. drainage structures. and large sign suppon!. These struetIJTCs prcxnt undlJC hlL7.ards to 

errant vehicles traveling in the median area. 

1bc three main t~tm"nts that have been used in the p«>tcction against median hazards are 

erash I.":ushions, o~n lluaNrails, and clQso:d glJafdrai l envelopes. Bridge piers an: often treat«l by 

SUm)Unding them with rigid barriers and placing erash eushions on each end. This alternative is very 

shonand therefore reduces the number ofrun-()IT-road M:Cidellts to a minimum. Unfonunatcly. thi s 

type of treatment i, very costly pnd therefore is hard tQ justify for lnQst median silualiQns. Another 

popular treatment involves using open glJafdrail envelopes. This design incorporates long runs of 

guardrail upstream from the. hazards. Although thisahemative is leM expensive than crash tushion 

designs, the long runs of guardrail generate many guardrail related accidents.. and when used in 

natrow medians, the backside o f the guardrails can beoomc a major hazard. Enclosed guardrail 

cnvelQpI:S. oommonly eall«l bullnose s~temli, involve wrappinG a semi-rigid gllllllinlil system 

completcly around the hazards. These desill."S are smallcr and therefore IIclW!t8te fewer guardrail 

accidents. Funhcr. bullnose designs are generally the least costly ahemath·cs. Unfonunatel)'. 

bullnose guardrai l designs halle never mel currenl safCl)' $t:andards. This repan describes the 

continued elTon to develQJI a newbullOO5eGuardrail design that will mcd modem sarety standard!l. 

The objective of this rexarch project WlL5 to continlK: develQpmcnt and evaluation of a 



bullnose "uatdl1lil system 1001 mcchthe Test Level 3 (TL-3) SoI\f\:ty p:rformance Critcnll provided 

in National CoopeT1Iti,'e Hii/lwllY Rexuch Program (NCURP) Report No. 350, Rtrommetlded 

Proceduresfor 1M Softly PlTfor~ £l'OlIiUllon oflflgJrway Ft:UINTU W. Phases I and II ofthc 

dcsilP\ process w.::n) w ,·trcd in prcviOWI reports (U). Phll$t I inc luded two full-scale crash Itsts 

which provided information for redesign and computer simulation of the bullnose barrier system. 

The initial dnilP'CORCepl: from Phase I ",as subjected 10 two full-scale erllSh Iests. tesu: M8N· 11IIld 

MBN-2. Tut MBN- I W&'I a head-on impact involving II 2000-k8 pickup INCk, while II:$! MBN·2 

was II one-quarter Offsel, head-on impact usilli an 82Q-1c:1l $1111111 car. l1Ic ~lts of too !Ie tests are 

shown in Table I. Although onlyooe oflhe 1"'-0 ICSIS wu SllCCc5Sful. thctc IC$l$ demoll$l.mted thai 

!he bullnose baniereonccpl had potential but required further doevelopme!ltto meet the im~ $afety 

standards . 

P'- Il of the bullnose barrier S)'$tem dC1ilP' wnsisted of the oontinoocl development of!he 

bullnose banier through computer simulation and tC:Slina 10 meet the NCHRP Report No. 350 

requiremenlS for ItSI ) -31. a head-on impact of a 2000-kg pickup lruck. TM) full-scale tesb, test 

MBN-3 wid M])N-4. were performed for a hud-on impaet of'" 2ooo-kg pickup truck ",ith the 

buUno!le ala ~ct $pCCdand analtoflOO kmIh and OdellJ«S, respectively. Tesl MBN_3 failed due 

to ffllCl~ of the Iluardrail. A SUoCa:Mful computCT simulation model ortes\ MBN-3 was cfCated in 

LS-DYNA and ",,115 U5Cd to invelli8llte the failure in gre:tteTdetail. Results of the simulal ion paired 

with 0Ihet information led to the bullnose dcsiKJI beina changed by the addition o f a pair of steel 

cables behind the nosesoction IOcontain the impact vehicle. 1bc modified buJll'lO$edesign was tho..-n 

simulated in LS-DYNA wilh posili~ results which cleared the way for a repc<lt of the previous 

failed test. Test MBN-4 was run we<:cssfullywim controllc:dcontainmcntofthc imp!ICt vehicle.l1!c 
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Table I. Summary of Safety Performance Evaluation forT ests MBN-1 and MBN-2 (Phase I) 

E•-.lualion Evallwion Criwia Test Test 
FICUn MBN·I MBN-2 

Scnlctunl c. Accqxable lestertick ptrfonnance may be by redirection, COIUrOikd pmc1r11ion. 0< u s 
A' coauollcd stOill>inR of !he \'Chick. 

D. Od8Cbcd elemmts, ~IS or Olhtr debris liom !he test article should not s s 
~te or show polenbal for ptntltUJI\& !he occuparu eornpanment, or 
present • Ul'ldu< hazard 10 other nlfoc; ptdeslrians, or pmonntl in a .. Ott 
lOIIC. DtfonnationJ of. or hllniSIOilJ mto, lbe O«Uppl''t companmmlhll 
could cause senous injurieu hould 1101 bt . 

OccuplniRisk F The \dliele sboGid I'CI1IIia up1lbl duriQ&IIld ~ mllisioe ahhouP modmle roll, s s 
pild!int, and ~'winl•e . 

H Occup:ant impact vcloctries shollld sati5(y !he folloooing: s s 
Oct•panr lmpect V~locily Limits (lllfs) 

Cornii!!IJS:DI Pre fermi MAXIJ!Ium 
J...onaitudinalllnd 9 12 
Latcl'11 

I. Ollcupanr ride down accclcnuions sllould satisfY rhc following: s s 
<ktupanl Ride down Accclcnltlon Limits (C's) 

i;S!OU!StiKDI Prefomd Maximum 
J.oo&lrudinal and 15 20 
l.atcl'11 

K. AAcr mUision it is prcfenbk lhlllhe ~bicle's aajeaory 101 intrUde ilno edjaccnt s s 
Vehicle lrallk J.cs. 

Trajcc~Gr) 
N. Vehicle n~ bchiad die lest lr1ictc is eeccpcllble. u s 

s · (Saustactory) 
u · (UnwtSf'llctor)) 



lUulu of t~sts MI3N-J and MBN""" arc $bown in Table 2. Completion of Phase II of the bullnose 

project finished with test MBN-4; however, there rcmuined II hllie llIllOunt ofdcvelopmenl before 

a successful design could be rc.ali7..ed. TIle final desi~ from PhlLliC II is shown in Figure I. 

Phase III of the buJlno~ median b.arrierdevelopment eonlinued the progression oftlle barrier 

design through II series offive add itional full-scale Cl1Ish tests and a pam! lei simulation effort. These 

full-scale crash tCSIll followed the NCHRP Report No. J50 rcquiltTnenlS for tc~ts J-32. J-JJ. and J

J8. Data from all five crash teSlS "'.-as collected, analyzed, and documented. Conclusions and 

recommendations were then made with regards to the !!afcty performance of the bulloose barrier 

tenninal. Computer simulation of the te$1in& \Cling LS-DYNA was s~fully used to analyze and 

predict the performance o f the bullnose Iil-sign. The following sectiOOll of \his report document the 

Phw;e III development. computer simulat ion modeling, testing, and (valuation of tile bullnose: barrier 

tcnninul concept. 
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Table 2. Summary of Safety Performance Evaluation for Tesu MBN-3 and MBN-4 (Phase II) 

Ewluii!OO EvaiUiliO!l Critti.t Test TtSl 
fiiCIOn MBN-3 MBN-4 

SUIICiurll c. Accepable leSl aniele perfCf"llllll« may be b)' n:direcrion. c:ontrolled pmc~n~ion. or u s 
Ade<IUICY controlled SlOI)ping of the whlele. 

D Delllebed elcmenu, ftaamencs or Olllcs" debris from lite leSt article should no! s s 
P<Mf&lC or show po4CIIIial for JXM~r.~in& !he occupan1 c:ompanmen~ or 
~ 111 undue batlrd 10 otbcT n1l"IC.. pedesuians, cr petSOMel in 1 "'~ 
mnt Defolnllliol8 or. or UIIJUSiom inlo.w oceupan1 companmmtlhal 
could CIUK serious miunc:s should DOl be llmllilled. 

OlxuJ*II Risk 
F T1lc 'cbicksbould remain vprilb1 durqand afterm!lision al~ IIIOCimlc roll s s 

plldllna, and , ..... int ~ 

II. Oecupeftt impecl Ydocltic1 should lilliJ l"y lbr foUowU.: s s 
0«\openl hapKI Velocil)' Uonlu {lllls) 

Comoonrns I'Rfemcl Maximum 
Longitudinal and 9 12 
l..&tenal 

I. Occup.1n1 ride down accelrrntiOM shoulld satisfy the following: s s 
O«uplnl Ride down Accdel"lltion Limits (C's) 

Compgntnt I'Rferrcd Maximum 
LonaitudlnaJ anc1 IS 20 
l..&!enal 

K. After eollisiOft it is pRfenble dlllllle 'dllc.k's trajectol)' not inlnacle do ed,;-nt s s 
Vdlltle trafi"JC lana 

Trsj«<ory 
IN Vdltele trajeclol) behind !he lest 11\lele is • jAilble. u s 

S • (SIIlsftetOI)) 
u . (Una~isfiCIOI")') 



... ,. -· -·-- , ~':!. 
t-- h .. - (tl' •lW') 

.... _ ., .............................. ~ 

3 ' 10 11 

-- + ' -------- ------------ --------- --- -------·....... ., __ - .~ ..... , .... ,.J, V7'l 

----~ 
I .................. 

2 

... ,. -· -

TMe 8eom BCT Post 
•I 1830mm foundol..., Tvbe 

Post 1 (os llhOWft) 
Posu 10,11 (• lo nose 

Cobin ond plot .. ) 

3 

• I 
Thr;e Beam BCT Post 
1830mm F"ounclot;.,n Tube 

.. J60mm Block 
Posts 2,J 

Figure I. Final Phase Il Bullnose Median Barrier Design 

0 
.... 

L 
TMe S.Om CRT Post 

1980mm 1on9 
•I J60mm Sloe~ 

Posts 4,5 

---
10 

TMe 8eom Post 
11180mm long 

•I .l60mm Block 
Posta 6,7,8,9 

11 



2 HARRIER DESIGN 

2.1 Phuc III Ba rrier Design 

Thedesian layout for test MBN.:) was unchanged from the !inal design deve loped in Phase 

II. A delailcd discussion of the entin: bullnose burrier as it was used for test MBN-S is pn:sellied 

below. 

2.2 Non Seetion Des ign 

After n:viewing the: Pooiro Fund member 'lUles' bullnose standards. a 4,SOO_mm wide 

design was selccled for uSC in the current study. The shape of me nose sct:tion was chosen after an 

analysis of prior bull nose (1;8) and shan radius guardrail designs ~. The nose .se<:tion was 

fonn<:d using one 1.580-mm rad ius curved sct:tion of guardrail with one IO,400-mm radius elU"Ved 

section attached to each end of the nose section. 1l1e overall shape was chosen using simple eurves 

10 simpl ify the design and fabrieation of the rail. The curve radii wen: sized bnsed on ease of 

fabrication as well as to maintain the design width of the system. 

r ile fronl-eOO section of the bullnose barrier was designoed wi lhout a posIflt the cc:nterline 

oftM nose since the end post tends to rotate back after impact, often creatins a potential for the 

vehicle 10 vflult overthe rail. II was determined that a noseseclion without thecenterlineposl would 

have sufficient structural strength tomainta;n Iheshapeofthe mil wi lhout sagging while notcuusing 

a vehicle vaulting h.au\rd. 

2.3 IlArrie r DtSign Details 

The complete layout of the bullnose barrier system used for the test MBN-S is shown in 

Figure 2. A one-half barrier system was designed for testing purposes to limit costS and time of 

construction. l bc bullnose barrier was 4.S00-mm wide by 20,144-mm lona.. The bullnose system 
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wa5 construc:tcd with t."~nty·two wood posts with eleven ~ posi tiQnOO (In each side Qf too 

system, Tbe first two posh on each side of the system were 140-mm wide by 190,5-0101 deep by 

1830-mm long Breakaway Cable Tenninal (BCT) posts set in Sequential Kinking Tcnninal (SKn 

(U) fOWldlition tubes with soil plates and ground line channel strut . Post RO. I on each side of the 

barricruscd no blockout whi le POSt 00. 2 one-.<ch side used a ISO-mm wide by 200-mm deep by 360-

mm long Ihric blockout. Post no. 3 on each $idc of tile sY$tcm WIL5 II. BCT post ilCt in II. SKT 

foundationtubc without l1 bearing plate. Posts nos. 4 and 5 oneach side of the barrier were 1980-mm 

long CRT JlQsts_ The next four postsl1longboth sides of the bullnose barrier well: standard ISO-mm 

wide by 200-mm dc:cp by 1.980-mm hmg wood poslS s~ 1.905-mm apart. as shown in Figure 

2. Eachofthe$e posts usesa ISO-mm wide by 200-mmdccp by 360-mm long thric blockoutto space 

the rai l a ... ·l1y from the posl. t he top mounting height Qfthe rai l WllS 804 mm. as measured from the 

groWld surflKC. PQsts oos. 3u.roIJgh 9 had II so il embedment depth of I , 153 mm. 111e last two posts 

on each side of the bull nose barrier wen: 140-mm wide by 190.S-mm deep BCT posts SCI in 

foundat io n tubes withem. soil platts hut with a ground liroc channel strut. 

A modified ground strut, as soo .... n in Figure 3 and positioned betwe(,'1l post nos. I and 2 on 

each side o f the system, was designed tOCQmpcnsme for the cIJrve of the nose scction_ 1be ground 

strut was al tertcl by angling thc upl;lrCaIn yoke of the strut 12.2 degrca;. 

A cable anchor system was used between post oos. I and 2 on each side o f the system in 

order to develop the tensile strength oethe thrie beam guardmil downstream of the post no. 2. A 

reverse cable anchor system was used betw~n poSt nos. II and 12 to replicate the rail 5lrength of 

an actual installat ion. This setup was used for testing pll1p05CSonly in onIer to simulate the effc<;ts 

ofa oomplctebullnose barricr ~y5tcm with both halvcs connc:ct~-cl. All ,,1.Iiltd.rui1 \JSI.-cl in the bullOQS(l 
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barrier consisted of 12-gaugc stcellhric beam, Eleven ),S I().mm long sections ofthrie beam were 

spliced together with asumdard lap spl ice on each interior-end. The forst three mil sections were cut 

with sloll! in the valleys. The nose section of the mil oonsisted ofa 3,8 1().nun loni-section bent into 

a 1,5S().mm radius, as shown in Figure 4. The nose sec tion bend! were prefabricated with the these 

rodi i. The nose sect ion was cut wi th slots in the va lleys 10 aid in vehicle capture, as shown in Figure 

5. There were silt primary 7oo-mm long 51015 centel"l:d about the midspan o rille rail , three in each 

valley_ The primary slots wen: divided from one another by 25-nun wiae slol tabs. Eight addi tional 

smaller nO-mm long slo\.';, four on each end of the rail section, wcre aJ!I(l cut with a 5().mrn wide 

slot tab between them. All slots were 25-mm wide. The second rail sect ion on each side was ben t 

to fonn a 10,400-mm radius curve. as shown in Fii-ure 4. These sections were cut with a different 

pattern of slots, as shown in Figure6. Then: were nine 290-mrn long slots in each vulley. A 1000nun 

wide slot tab separated eoeh slot. The slot pattern for the third rail section on each side consisted o f 

two sets of silt 300-mm long sloll! centered between post slots. Ill! shown in Figure 7. The slots were 

separated by 2S0-mm wide slollabs, which providcd three 110\$l*r vAlley be\wtltn posts. 

The Phase II development of the bullnose barrier system found that it was ne<:essary 10 udd 

a sct of steel cable retention devices to oonla;n impacling vehicles in the event of rail fraclure. A 

4.38-m long by 15.9-mm diameter cable was added behind the top and middle humps Mtne nose 

section ofthrie beam rai l. A 7 x 19 cable was chosen such that one of lite twO cables was capable 

ofoontaining the impacting vehicle. CabICll"""':J"e only placed behind thc fi rsl rail scr:tion ba:ausc it 

was the only section IMt h.!d failed in previous testing. It was believed that the rail sections afier the 

nose section would be active in containin* the vehide, and thcrefore. the usc or longer cablc lcnglh$ 

was deemed unnCl:CSSary. Thecables were attached to the guardruil using three U-bohs pereable to 
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Figure 5. Rllil Section No. I Detail 



~- -- ~- ··- ~- ~- -- --.. -+-+-'"' -+;_+-,••-+;_+-,. --+;,.,;-+-., - +;_+-,.--+;.....-+-,..- +-+-no- +--+-"' -+'• -
• • 
• • 
• • ----• • • • 

-- .. _ ....... 
~--------------------------------------~------------------------------------~ 

Roil Section 2 

---
Roil Section 2 

Figure6. Rail Section No 2 OetaJI 
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Roil Section 3 (t.ABN-3) 

- ----___ , _ 

Roil Section 3 ( t.ABN- 3) 

Figure 7. Rail Section 'o 3 Detail 



filt the tables behind !he: top lind middlehWllplofthe tlvie brom. Theends of each eable _re fitted 

wi th 7J·mm diameter Meold TufF buttonland clamped between formed steel plates located at the 

"uarol1li l splice at post no. 1 on ea<:h side. Th.e ''Cold Tuff' bottOtU are IWl\Ied·&!ip botton females. 

As such. lUll' similarly ~i~ swuged·&!ip button ferrule could be $ub$lituted into the d«ign. The 

cable plate and the cable assembly detail are shown in Filjlure 8. 

Photographs oflheassembled bullnose median barrier (or tat MBN·S an: $Oown in FiljlUf"l,.'$ 

9 throu&h 10. 
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Figure 9. Bullnose Barrier Iksign, TeSI MUN-S 
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Figurt: 10. BuJlOOSo.! Barrin-lksi~. Test MON-S 
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J TUT REQUIREMEIIITS AND I'ERI'ORMANCE EVALUATION C R ITERIA 

3. 1 T n t Requiremenl$ 

Tcnninals and crash cushions. such as bullnose barriers, mUSI SAlisfy Ihe requirements 

provided in NCHRP Report No. 350 ill in order 10 be lICCepted for useon new construction proje<:1S 

or as a replacement for existing barrien not m~'etin~ current safety standartb. The bullnose barrier 

is defined as a gated barrier and musl fulfill the requirements for gated barrien. A lJIItin~ device is 

one desiiJlCd to allow controlled penetration of the vehicle when impacted bctwttn the beginning 

and Ibe end of Ihe length of need. According to NCHRP Report No. 350, terminals and crash 

cushions must be subjected 10 seven full·sc.le vehicle crash tests, four using a 2()()()"kll pickup truck 

Md three using an 820·kg small car. lbe required 2()()().. kg pickup truck crash telll are; ( I) Test)·)I. 

II 100 kmIh impact ala nominal angleofOdegrees on the tip of the barrier !lOSe; (2) TeSI )·33, a 100 

kmlh impact al a nominal anile of 1 S deif"CCs on the tip ofthc barrier nose; (3) Test )·35, /I 100 

kmlh impact al a nominal angle 0(20 deiltts on the beginning oflbe Lenlth-of·Nced (LON); and 

(4) Test 3 ·39. II 100 kmIb impact at I nominal angle of20 degrees on a point.t the length of the 

terminal d ivided by two. The required 820·kg small car crash tests are: ( I) Test 3·30, a 100 kmIh 

impact al a nominal angle of 0 degKCS on the tip of the barrier nose wilh I 114 point offset; (2) Test 

)·)2,1\ 100 kmIh impact al a nomilUlJ angle of IS dcgrees on the tip of the barrier nose; (3) Tesl)· 

34. 1\ 100 kmlh impact at a nominpl angle of 1 S degrees on the Critical Impact Point (CIP). A 

di.gram showing the impac:llocalion for tile seven crash tests is shown in Figure 11 . 

TeslS nos. 3-30 and 3-31 were sucee5sfuJly completed in the course of Phase I and Phase II 

of tile bulloo!IC median barrier project. Durin& PhwJe Ill, full-scale crash tests orlest desi~tions 

nos. 3·)2, )·33, ).)4, and ) · )S were planned for this report. These Iestli w=: planned 10 further 
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Figure 11. Proposed Full Scale Crash Tests for Bullnose Barrier Evaluation



develop the bullnose de$ign (;oncept from Phase II as well as to fulfill the safety requirements set 

forth in NCHRP Report No. 350. The results ofthe~ h .. ""StS would be used to obtain infonnation for 

calibrating (;omputer models, evaluating the feasibi lity of tile design wm:cpt for the other required 

impact Wnditions, and obtaining infonnation for future design modifications and improvements. 

3,2 Evaluation Criteria 

Evaluation criteria for full~scale vehicle cr""h testing arc based on three appraisal areas: ( I) 

structural adequacy; (2) occupant risk; and (3) vehicle trajectory after eollisil.)fl. Criteria for structural 

adequacy are intended 10 evaluate the ability of the barrier to contain, redirect. or allow controlled 

vehicle ,,"",nelration ill a predictable manner. O\;(;upanl risk evaluates the degree of hazard to 

occupants in the impacting vehicle. Vehicle trajectory after w llisioll is .. mca:5ure of the potential for 

the post-impact trajectory of the vehic le \0 cau:oe subsequent multi-vehicle accidents, thereby 

subjecting occupants of other vehicles to an Wldue hazard or to subject the OC(;upants of the 

impacting vehicle to see<",dmy wllisions with other fixed objects. The:oe three evaluation criteria 

an: defined in Table 3. The rull-$Cale vehicle crash tests wereoonducted and reported in accordance, 

with tile proo::edures provided in NCHRP Report No. 350. 
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Table 3. NCHRP Report 350 Evaluation Criteria for2000P Pickup Truck and S20C Small CarTests 

(ulu. tloft Eutu.lion Cril~rll " ppl lable 
".ct,,", Tff tf 

, . Test aniele should contain and redirecl!he ""hie Ie; !be vehicle should not 
pmt'UlIIe, undmidc, or override: !he ln$!aUation although controlled laI...,.1 3-35 
<kn""'tion orthe ......... icle is kCtplable. 

Structural 3-30 

''''"''' 3·31 
C. Acceptable ICSI .... ielt ~rformanct may be by redireclion, controUed 3-32 

"......tr.I1ion. or oontrolled ""'!'Ping orlhot vdlk:le. ).33 
3-34 
3_39 

D. Detached .lements.1ngmmu or other debris from the: lest ... iek: should nor 
ponetral. or show poIenlial r.:.r ~netraling Lh< OX • ...,an1 compartmenl, or 
pre$<nl UlIItIdue h.o ..... 10 ocher l",tT"" ped.estrians, or penonn<l in I worit '" zone. Def"""",ions of. or il>\nl.i<>no inlo. Lh< """uponl compartmenl Lhat 
could c.use serious b.j~ s/lQtJld nor bepmnined. 

,. 1'Iw: ""hiele should ........ in uprigltL during and aft ... wllision 
moderate roll, pit<;:hing. andya:'i:g ... ..,.,;pw, ... """"'" '" 

Oa:upon. " Ooxupon. imp"'" v.loci. ies sIIould wisty!he foUowing: )·30 

Risk 
o.:.:upnt Impa.t V ..... i.y Limitl (mil) 3-31 

!kQ!!! ......... 1 '"''"'" Maximwn ).]1 

l.oftS,irudinal and , 
" 3·33 

Lo~' 3·34 

, Occupant ri<ledo ... n """"Ier.uions should .. tioty!he (ol!owina; 
3-30 
3.31 

acc"pan t RlGflJo ... Atfflt""Uon U"'II (C ',) 3-32 
!:Il!!!-' ~''"'" MaKimum 3-ll 
loniitudinal and " " 3_34 
Lateml 

, Aft.r «Jllision i. is preferable that.he vehiele', trajtctory 001 iml'\ldt 10m 

'" od·loCCnt traffIc lanes. 

c. The o«upUlt impact veloci\)' In .... Iongitudinal direc1ion $I>ould not exceed 3-35 
I 2 mf""" and "'" "",,,upont ridedovo'n """" ....... ion i n tile Iongitudi "" I d irul i"" 3-39 
should _.xceed 20 G'., 

Vellick 
M. The exit angle from .... t"' .... iele preferably should be Ie .. than 60 percent 3_35 

T"'jectory 
of"'" "'" imP"'" an~, ",""",red OIthe time the ""hiele Iosl contaot with !he 3-39 
<kvic., 

3_30 
3-31 

N. V.hIcIe uaje<:1<lf)l behind the: ......... 101. is accepl.lble. 
3-32 
]·33 
]-34 
)·)9 
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.. TEST CONDIT IONS 

4.1 Tat Facility 

The testing facility is located at the Lincoln Air-Parle. on the NW end of the Lincoln 

MWlieipo.l Airport and is approximately 8.0 km NW o f the University ofNeblllSka-Uncoln. llwl sile 

is protoctcd by a Z.44-m high clvlin.link se<:uri\y (eocc. 

4.2 V~bick To,.. a nd Guidance SyJlem 

A revel"$C cable tow system with • I :Z mecbanical advanUlgc was used to propel the test 

vehicla. l11c distanoe traveled and the speed of the tow vehicle an: one-half that of the test vehicle. 

The test vehiele ... -as rekascd from the tow cable before impact with the guardrail system. A digital 

speedometer was located in the tow vehicle to incrensc the accuracy of the test vehicle impact speed. 

A vehicle guidance system dcvclopc4 by 1·linch ill) was used 10 Sleer the lest vehicle. A 

guide-flog. altached to the fronl-left whec:1 and the guide cable, WII!I sheared o ff before impact. Thc 

9.S·nun diametCT guide cable was II.'11Sionod 10 approximately 13.3 kN, and s upponed laterally and 

venically every 30.48 m by hinged stanchions. The hinged slanchions stood upright while holding 

up the gu ide cable, but as the vehicle was 10"~ down the line. the guide· flag struck and knocked 

each SlilnChion to the ground.llle vehicle Guidance system WII!I approximalely 457.Z·m long for the 

ZOO().kg pickup tl.'5t8 and 3 13.9-m lona for the small car tests. 

4.3 Ta l Vehiclu 

For test MIlN·S, a 1993 Chevy 2SOO 'I.·ton pickup \ruck WlUi used as the test vehicle. The 

ttst inerti al and grOSIl $lJlIic .... -eights were 2039 kg. lbc test vehicle and vehic le dimensions an: 

shown in Fi,l\ll"e 12. 

For 1C$l MBN-6, a 1992 GMC 2SOO %-ton pickup lruCk was used. Thc lest inertial and gross 
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001., _--,8,IC1"'OI"9"8L_ TUI Number: MBN 5 ~odel' ___ --',"O'O'O>p"-__ 
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Figure 12. Vehicle Dimensions, Test MBN-S 
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static weighlS wen: 2031 kg. The test vehicle and vehicle dimensions are shown in ~'igu", 13. 

Fortest MBN-7, a 1992 Chcvy2500 'l"lon pickup truck was used. The: test inmial and gross 

stalie weishts wen: 2036 kg_ The test vehicle and vehicle dimensions ~ shown in FillW"C 14. 

For lest MON·S, a 1992 GMC 2500 ';'·Ion pickup lruck was used.1bc test inertial and gross 

$talic weights wen: 2033 kll. The lesl vehicle and vehicle dimensions IlIl: shown in Figu", 15. 

For lest MBN-9. a 1996 Foro Festiva small car was used. The leSI inmial and IJros5 static 

wcipUi wen: 829 kg and 904 kg, mspcctivcly. TIle lest vehicle and vehicle dimension. arc shown 

in Figure 16. 

TIle Suspension Method was used 10 detennine the venical component o f the center of 

gMlVity for lhe test vehicles. This method is based on the principle lhat the center o f ¥J"8vity of any 

frc:cly suspended body is in Ihc vertical plpne through the point of su~pcn8ion. The vehicle was 

suspended successively in three positions. and the rcspc<.:tivc planes oontaining lhe center o f gravity 

Wtre established. TIle interse<:tion o fthcsc planes pinpointed the location of the (lenler of gravity_ 

The longitudinal CQlIlponcnt of the center of gravity was ddcnnincd Wlina the measured axle 

\"Icipts. The locations of the final centers of gravity are shown in Figures 12 through 21. 

Square. black and white-checkcn:d Iarlets were placed on lhe vehicle to aid in the: anal)'sis 

o f the high·speed film. as sho .... TI in Figures 17 through 2 1. One target was pll\CCd on the: cenler of 

&mvil), on the drivers side door, the passenger's side door, and on the roof of the vehicle. The 

remaininW taraets wen: located for rtfercnce 50 that the)' could be viewed from the hip·speed 

~fllS for film analysis. 

The front wheels ofthc test "chicle were uligned for earnbet-. castCT, and toe-in values ofum 

10 that the vehicles would trBCk properly along tn.: guide cable. Two 58 flash bulbs wcn:: mounted 
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Dote: 9/4/98 Tut Numbe r: ----1dBN • 1.I000,t: 2000P 

MOk., J:iMC Vehicle 1,0.': IGOGC2~~1PE5JI~92 
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Figure 13. Vehicle Dimensions. Test MBN-6 
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Fisure 14 . Vehicle Dimensions, Test MBN.7 
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Figure 15 . Vehicle Dimensions, Test MBN·g 
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vehICle I.D." KNJPT06HtL6t03459 
Yeo.,.' 1990 Od,,-t .. ,.. 132834 

Vl!'hlcle GeOl'le t,.y --
0 1588 , 1461 
< ~:;69 , 584 

• 2299 , 686 , ;:24!2 h 746 
362 J 514 

, 4Q !2 ~7~ 

" 1403 " 1391 
0 7 11 , 102 
0 ::2 40 , 330 

• 318 , 1588 

h.iQht of wheel 251 
c.nt.,. 

(no'- Ty~ 4 ~:X L gQ~ 
(ngIn.- slz .. ). 3 L 

IJelQht - kg ,~, Te.t c;,.o .... 
[".,.tlol Sto.tle T,.o.n ....... 101\ Typ'" 

\Jf,.ont 566 560 595 ~or Ho.nual 
\J or R\JD or ~\JD 

\J .. eo.,. 290 269 309 

\Jto to.l 856 e~~ 904 

DaMge prloo" to t .. 5 t · ____________________ _ 

Figure 16. Vehicle Dimensions, Test MIlN-9 
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TEST #: M8N-5 

TARGET GEOMETRY (mm) 

a 1359 b 616 c 2718 d 1826 

e 2032 f 20 13 9 978 h 14 14 

1943 J 1032 k 738 l 10413 

Figure 17. Vehicle Target Locations. Test MBN-S 
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TEST H: MBN - 6 

TARGET GEOMETRY (mm) 
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FiguK' 18. Vt'hicle Taracl l.ocalioll$. Test MON-6 
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TEST U: MBN-7 
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Figure 19. Vehide Target Locations. Test MBN-7 
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Figure 20. Vehicle Target Locations. Tcst MLlN-8 
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Figure 21. Vehicle Target Locations, Test MIlN-9 



on both the hood and roofof the vehicles to pinpoint on high·speed mm Ihe time of impact with the 

guardrail system. The nash bulbs were fired by a pressure tape swilch mounled on the front fllCe of 

the bWllpcr. A remote-controlled brake system was insl8l1ed in the test vehicle so the vehicle could 

be brought safely to 11 stop ufter lhe lest. 

4.4 Data Acquisition Syncnl5 

4.4. 1 Accele rometers 

One triaxial piewresistiv," accelerometer system with a range of ±200 G's was used to 

measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of I 0,000 

Hz. The environmental shock and vibration sensor/recorder system, Model EDR.4M6, was 

developed by Instrumented Sensor Technology (1ST) of Okemos, Michigan and includes three 

differential channels as well as three single..,rxled channels. lbe EDR.4 was configured with 6 Mb 

of RAM memory and a 1.500 Hz lowpass filter. Computer software, "DynaMax I (DM· I)" and 

"DADiSP" were used to digiti7.t, analyze, and plot the accelerometer data. 

A backup triaxial piezoresisti ve accelerometer syslem with a range of :1:200 G's WII.'l also used 

to measure the ac<:eleration in the longitudinal , laterol , and vertical directions 3t a sample rate of 

),200 Hz. The environmental shock lind vibration :ilCnsor/recorder system, Model EDR·3, WII.'l 

developed by Instrumented Sensor Technology (IS1) of Okemos. Michigan. The EDR·) was 

configured with 256 Kb of RAM memory and a 1,120 Hz lowpass mter. Computer software, 

"DynaMax I (OM· I )" lind "DADiSP" were used to digit ize, analyze, and plot the accelerometer data. 

4.4.2 RaleTnmsduce" 

A Humphrey 3-axis rate trnnsducer with 1) runge of250 deglsec in each of the three directions 

(pitch, roll, and yaw) WII.'l used to measure the rates of motion of the test vehicle forltst MBN·5. For 
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tests MnN-6 through MBN-9, a Humphrey 3-axis rate transducer with a range of36O deglsec in each 

oflhe three directions (pitch, roll, and yaw) was used. The rate transducers were rigidly attached to 

the vehicles near thc center of gravity of the test v~hicle. Rate transducer signals. excited by 8 2g voh 

DC power source, were received through the three single-ended channels located e"temalty on the 

EDR-4M6 and stored in the internal memory. The raw data measurements were then downloaded 

for analysis and plolting. Computer software, "DynaMax I (DM-I)" and "DADiSP· wen: used to 

digiti:tc. amdylC, and plot the rate transducer data. 

4.4..3 High Speed Photography 

For test MBN-5, five high-speed 16-ntm Red Lake Locam cameras. with operating speeds 

of appro~.imately 500 fmmeslsec, were used to film the crash test. A Locam with a wide angle 

12.5-mm lens was placed 17.09-m above the test installation to provide a field of view perpendicular 

to the ground. A [..ocam with a zoom lens was placed 59.35-m downstream from the impact point 

and had a field of view parallel to the barrier. AnotherLocam wilh a 7.oom ]ense was placed 35.16-m 

downstream and offsct 24.2 III to the len orthe barrier to provide an additional viewing angle oftlle 

crash test. A fourth Locum was placed 7.68-m downstream of the nose of the barrier and offset 8.23 

m to the right with a field of view perpendicular 10 the banier. The final Locum was placed 5.82-m 

downstream and offset 15.45 m to the left with a field of view perpendicular to the installation. A 

schcmatic of the five high speed camera locations for test MBN-5 is shown in Figure 22. 

For test MBN-6. four high-speed 16-mm Red Lake l..ocam cameras, with operating speeds 

of approximmely 500 fmmes/se<:, were used to film the crash lest. A Locam with a wide angle 

12.S-mm lens was placed 18.81-m above the test installation to provide a field of view perpendicular 

to the ground. A Locam with a zoom lens was placed 38.4I.m downstream from the impact point 
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and had a field of view parallel to the barrier. Another Locam was plaeed I 7.07-m ups~am and 

offset 12.19 m to the left of the barrier to provide an addilional viewing angle of the crash lest. TIle 

founh Locam was placed II.S_m downstream of the nose of the barrier and offset 16.15 m to the 

right with II field of view perpendicular to the barrier. A sehematic of the four high spe~-d camero 

loc.ations for test MBN-6 is shown in Figure 23. 

For test MBN-7, four high-speed 16-mm Red Lake l.ocam cameras, with operating speeds 

of approximately 500 frames/sec. wen: used to film the erash tesl. A locarn with a wide angle 

12.5-mm lens was placed 18.8 1-m above the test installation to provide a field of view perpendicular 

to the ground. A Locam with a zoom lens was placed 38.4I-m downstream from the impact point 

and had II field of view parallel to the barrier. Another Locam was placed 17.07-m upstream and 

off»et 12.19 m to the left oflhe barrier to provide an additional viewing angle of the erash test. The 

founh Locam was placed 11.5-m downstream of the nose of the barrier and offset 16.15 m to the 

right with a field of view perpendicular to the barrier. A sehematic of the four high speed camera 

loc.ations for lest MBN-7 is shown in Figure 24. 

For test MON·S. six high·speed l6-mm Red Lake Locum cameras. with operaling speeds of 

approximately 500 frames/sec, were used to film theerash lest. A Locam with a wide angle IZ.S-mm 

lens was placed IS.64-m above the test installation to provide a field of view perpendicular to the 

ground. A Locam with a zoom lens was placed 40.2J-m downstream from the impact point and had 

a field of view parallel to the barrier. Aoolher Locum was pJuced 17.07·m upstream and offset 12.19 

m 10 the left ofthe barrier to provide an additional viewingallgle of the crash lest. The founh Locam 

was placed 11.5-m downstrl:am of the nose of the burrier and off»el 13.72 m to the right wi th II field 

of view perpendicular 10 the barrier. A fifth and sixth l.ocam were placed 3.S7-m and 7.II·m 
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do~1UIl and offset 2.74 m and 3.05 m to the right, ...spectivel)" with a field of view 

perpendicular to the instal lation. A schematk: of the six high speed cwnCI"II locations for test MBN·8 

is shown in Figure 25. 

For tcst MBN·9, five high·speed 16-mm Red Lake Locam cameras, with operating speeds 

of approximatel), SOO frames/seo;:, were used to film tm: crash 1.,51. A Loeam wilh a wide angle 

12.5·mm lens was placed 18.29·m above the lest insUll lation 10 provide a field of view perpendicular 

10 tile ground. A Locam with a zoom leM was placed 61.83·m downstream and ofT5e1 16.57 m to 

the left from the impact point and had • field of view parallel to !he barrier. Another Loc:am was 

placed 17.07-m upstrewn and ofTsct 12.19 m to tile left of the barrier to provide an additional 

viewing angle of the crash test. A fourth Locam was ploced 6.71 m 10 the right of the intpact point 

with a field ofvi.,w perpendicular In the barrier. The final Locam was placed 36.5S·m 10 the left of 

the impact point with a field of view perpcndicultu to the installation. A schematic o f the five high 

speed camera locations for tal MDN-9 is shown in Figure 26. 

The litm was analyzed usina the Vanguard Motion Analyzer. Actual camera speed and 

camera diveraence factors were considered in the analysis oflile high-speed film. 

4.4.4 I'rusu~ Tape Swit f hfJ 

Por tulS MBN-5 through MDN_9. five pressure·activated tape swi tches, spaced al 2·m 

intervals, were used to delermine the speed of the vchicle before impact. Each tape switch fired a 

strobe lig.ht which sent an electronic timing signal to 1m: data acquisilion s),stem as the left-front tire 

of the lesl vehicle passed ovn it. Test vehicle speeds were determined from electronic timing marl: 

data recorded on -rest Point" $Ofty,un:. Strobe li&hts and high·speed film anal)'sis a«i used onl)' as 

a backup in the event that vehicle speeds cannot be determined from the electronic data. 
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S CRASH TEST MON-S 

S. I Test MUN-S 

Test MON-S was conducted according to the NCHRP Report No. ) 50 lest )·)3 impact 

conditions. The 2,039·kg pickup truck impacled the bulloose banier with the centerline o f the 

vehicle pl igned with the nose, as shown in Figure 27, and at a speed of 103.0 kmlh and at an angle 

o f 1).4 0ejp"eeS. A summary oflhe ICSI !'e$ullll and the sequential photographs are shown in Figure 

28. Ac,idi tional sequential pho~ are shown in Figwt 29. Full·scale ctllSh documentary 

p/"IotognIphs are 5hown in Figures 30 and 31 . 

S.2 Tn t Dncriplioll 

Followini the initial impacl with the pickup lruck, the thrie hewn rail immediolc:ly began II) 

flul1en IICroSS the front o f the pickup lruck and deform inward. AI 0.068 S!:e ufter impact, the left 

front or tile truck impacted posl no. I on the ri ght side. At the same lime, the bonom hump of the 

thrie beam auardrail was pushed under the front ","""Is of I"" truck. As the pickup penetrated further 

inlO lhe barrie!". po$I no. I on the riihl side fractured. as the beam .... rapped atOl,md the posl at 0.093 

sec. At 0. 110 sec. post. no. I on the left side fractured and the i uardrail on the len side bowed 

oUlward. pulJ ingaway from post no. 2. The pickuplruck IlIenOOlltinucd 10 penetrate into lhe sylltem, 

impacting post no. 2 on the len side and brenking it. thus causing the fronl gri ll of the truck 10 

dClIICh. Aftcr post no. 2 frao;turcd, a bucklc in lhe lluardrnil formed at the location o f post no.2 on the 

left side due to the bowing of tile guardrail. The rail conlinued 10 bow outWllfd as the truck 

prnclrllted into the system. At 0.2 10 see. post. 00. 3 on the left side was broken as it was impacted 

by the le ll-front comer of the pickup truck. Post 00. 2 on the right side was subscquenlly broken as 

the guardrai l "'nlpped around the post. At 0.)07~. post 00. 4 on the left was broken aller impact 
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with the front of the pickup truck. Shortly afterward. the pickup truck impacted the back side of the 

thrie beam guardrail neaT post no. 4 on the left side and pllShcd it outward. At 0.569 sa:, the pickup 

truckcont.inued to decelerate, hilling and breaking post no. 50n the left side. The motion o f the truck 

continued 10 push a large section of the guardrail outward and to the left, thus forming a large kink 

in the rail near post no. 4 on the lell side. This action formed a sizeable wedge o f guardrail on the 

left side of the barrier. The pickup truck continued to move forward, break ing post nos. 6 and 7 on 

the left side and coming to a stop as the front of the vehicle reached post no. 8at 0.906 sec llfler 

impact. At this time, the wedge of guardrai l had been pushed perpendicular to the centerline o f the 

guardrai l. The ttajcctoryof thepiekup truck during thecrnsh tcst and the final position of the vehicle 

are provided in Figure 32. 

5..3 Vrhicl., Dllmage 

Vehicle damage was moderdte, as shown in Figure 33. The front bumper and the front of the 

piekup truck were crushed inward across the entire front width of the vehicle. The bumper crushed 

inward at the center and was folded around the supports at the end oftne frame rail s. The radiator 

ofthe truc k was flanened. There was very linle engine movement which oceWTCd during the impact. 

The left-front fender of the pickup truck was bent down and forward. The lower se<:tion oflhe lell 

door was denIed and scratched and was sl iplly ajar. The left-front tire was eut and deflated. There 

was no significant ri m damage. The front tire on the right side was nol damaged and remained 

in ftaled . The right-front fender was crushed down and forward due 10 the barrier impact. A small 

amount of buckling and gouging occurred at the lower rear of the fender and the lower front o f the 

right-side door. A qUllIkr sized hole and scrape were made on the right side of the pickup truck box 

slightly in front of and above the wheel well. There was no crushing of the pickup t"'ck's interior 
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occupant compartment. 

5.4 Barrier Damage 

Banier damage was extensive, as shown in Figures 34 through 36. Most o f the post damage 

occum:d on the left side of the system. A total of tell posts in the system were fractured. Six of the 

BCT posts fractured at the hole ncar the base of the post. Post 005. I through 3 on both sides o f the 

barrier were broken in this marmer. On the left side of the barrier, CRT post no. 4 was broken at the 

top hole while post no. 5 was broken at the bottom Ilole. Posts nos. 6 and 7 on the left side were also 

brok.en at ground level. 

The damage to the thrie beam guardl"llll in the system consisted of buckli llg and \earing o f 

the guardrail. Major buckles in the mil were formed around post nos. 4 and 7 on the left side oftne 

barrier. Minor tearing of the l"lIil occurred around post 005. 1 and 2 On both sides o f the barrier. 

Additional tearing was observed 508-mm upstream of post no. 2 on the le ft side of the system. Major 

teari ng was also observed in the nose seetion of the system. 1lIe top hump of the l"lIil was ripped 

through the entire hump in the nOi>C section beginning 330-mm right of the cenlerline of the nose, 

while the bottom hump o f the rail in the nose was completely disengaged from the main piece of 

guardrail. No damage of the eables or the cable plates was found. TIle rlUl.Ximum longitudinal 

permanent set deflection of the l"lIil was 11.3-m downstream of the nose of the barrier. 

S.S Octupul Risk V.lue!! 

1hc longitudinal and lateral occupallt impact velocities (OIV) were determined to be 6.22 

mls and 1.03 mls, respeo::tively. llIc maximwlI O.OIO-sec average occupant ridedown deceleration 

(ORO) in the longitudinal and lateral din:ctions were 10.53 g's and 7.06 g's, respeo::lively.lt is noted 

that the occu~nt impact velocities and occupant ridedown decelel"lltioll5 were within the suggested 
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limilS proyidc:d in NCHRP Report No. 350. TIle resull$ofthe occupant risk data an: summari%ed in 

Figure 28. ResullS are shown graphicul ly in Appendix A. The resullS from the rate transducer an: 

also shown graphically in Appendix A. 

5.6 Dis(u$, ion 

Following test MBN-5, a safcty perfonnance eYaluation was oonducte(!, and the bullnose 

barrier desiill was determined to be acceptable for the test 3-33 impact condition accordinll to 

NOIRP Repon No. 350 criteria. The bullnose bwriCT successfully contained and stopped the test 

vehicle in a controlled manner. Deuched elemmll and debris from the test article did not penclnl.te 

or show potential for penetrating the occupant compatllmnl. llK:re was no deformation of. or 

intrusion into. the occupant oompnrtmcnt that could have caused serious injury. TIle vehicle 

remained upright duri ng and after collision and the vehicle's trajectory d id no t intrude intoudjaccflt 

traffic lanes. Vehicle trajectory behind the \CSt anicle was acceptable as the test vehicle Willi captured 

in the median area behind the bullnose. Theoccupant impact yelocitiesand ridcdown IICCClerations 

_ "'lthin the suggested limil$ imposed by NCHRP Report No. 350. 

TIle resull$ of this lest .... -ere causc for !Wefining the gatinaJnon-&atinll $latus of the barrier 

as ","Cit as udjUSlment of the appropriate test matrix for evaluation of the desiill. OrilPnal ly. the 

bullnose bluTier had beendefined as agatingsystem. A gating device isonc that isdesigned to allow 

controlled penctration of the vehicle when impacted between the beginning and the end of the length 

o fnecxi. Test MON-5 showed lhat the bullnose is actually a non-gatina tenninal as it captured and 

contained the impacting pickup truck ratbeT than allowing il to penetratc lhroujl.h the barrier. Based 

on this result. the bullDO$C barrier system was !Wefined as a non-gating system. 8y definition, a 

non-gating device is one that is designed to oonlSin and redirect II vehicle when impaclCd 
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downstream from the nose of the device. Due to the reclassification of the barrier, the NCHRP 

Report No. 350 test matrix was revised. TIle modified test matrix is discussed in Section 6. 
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Figure 30. 
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Figun:: 3 t . Full -Scale Crash Tesl MBN-5 
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Figure 32. Vehicle Trajectory, MBN-5 



Figure n. Vehicle Damage. Test MBN-5 
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Fi¥Wl.' 34 . Barrier Damage. T~I MBN·S 
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Fi&ure J6. llarrier Damage. Test MBN·S 
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6 REVISED TEST REQUIREMENTS AND PERFORMANCE EVALUATION 

C RITERIA 

6. 1 T.",I Requiremen ts 

Due 10 !he results from lesl MBN-5,!he bullnose mcdiun barrier syslem was redefined lIS a 

non.galin¥ design and lherefore must fulfill the NCHRP Repon No. 350 evaluation criteria for a 

non-gating device. As mentioned previously, a non-gating device is one thai is designed to contain 

and redire<:t a vehicle when impacted downstream from the end ofthc device. Terminals and crash 

cushions must satisfy the requirements provided in NCHRP Repon No. 350 ill in order to be 

a«:epted for usc on new construction projC(:ts or as a rcplaccmcm for exist ing barriers nO! meeting 

current safety standards. 

According 10 NCHRP Repon No. 350. lerminals and erash cushions must be subje<:ted to 

eighl full-scale vehicle crash tests, five usillga 2000-kg pickup truck and Ihree usingan 820-kg small 

car. ·The required 2()()()·kg pickup truck erosh tests for a Test Level 3 (TL-3) device are: (I ) Test 3· 

31, a 100 Icmlh impact at a nominal angle oro dcgrees on the: tip ofthe barrier nose; (2) Test 3-33, 

a 100 IcmIh impact at a nominal angle ofl5 degrees on lite tipoftlte barrier nosc; (3)Test 3·37, a 100 

IcmIh impact at a nominal angle 000 degrees on the beginning of the LON (Length-of-Need); (4) 

Tcst 3-38. a 100 km.Ih impact at a nominal angle o r 20 degrees on the Cri tical Impact Point (eIP); 

and (5) Test 3· 39, a 100kmlh reverse direclion impact at an allgle of20degrccsonc halfofthe LON 

from the c nd of the terminal. lbe required 820-kg small car crash lests for a TL-3 device arc: (\ ) 

Test 3·30, a 100 IcmIh impact at a nominal angle of 0 degrees on the lip of the barrier nose with a y.. 

poim olTsct; (2) Test 3-32. a 100 kmIh impact at a nominal angle of 15 degrees on !he tip of !he 

barrier nose; and (3) Tesl 3·36, a 100 kmlh impact al a nominal impact 3l1gle of] 5 degrees 011 the 
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beginning of the LON. A diagram showing the impact location for the eight crash tesUl is shoWll in 

Figure 37 .It is noled that the Critical Impact Point (CIP) mentioned above is defined for non-gating 

teonilUlls as the point along the installation where it unknown whcther the guardrail will capture the 

impacting vehicle or redirect it. 

P.-.evious testing in Phases I and II of this research successfully complc:tcd teSlll 3-30, 3-3\, 

and 3-33. The rcmainder ofPhase III testing was focused on tests 3-32 and 3-38. The next full-scale 

test ofthc bullnose median barrier. test MBN-6, was chosen to be NCHRP 350 lest 3-38. This test 

consisUl o fa 2000-kg pickup truck impact at 100 kmIh and 20 degre<;:s and at the CIP of the system. 

Evaluation criteria for fuJI-scale vehicle crash testing are based on three appraisal areas: (\) 

stroetural lldcquacy: (2) occupam risk; and (3) vehicle lrajectory aftercoll ision. Criteria for stn>etural 

adequacy are intended to evaluate the ability of the tenninal to conrain. redirect. or allow controlled 

vehicle penetration in a predictable manrter. Occupant risk evaluates the degree of hv.ard to 

occupanUl in the impacting vehicle. Vehicle trujectory aflercoHision is a measure of the potential for 

the post-impact trajectOry of the vehicle 10 cause subsc<juent mul ti-vehicle aecidenUl, thereby 

subjecting occupanUl of other vehicles 10 undue haz.ard or to subject the occupants of the impacting 

vehicle to secondary collisions with other fixed objects. These three evaluation criteria are defined 

in Table 4. 
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Figure 37. NCHRP JSO Test Matri1e for Non-Gating Systems 



T.ble 4. NCHRP Repon 350 Evaluation Criteria for2000P Pickup Truek and 820C Small Car Tests 
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7 CRASH n:51' MBN-6 

7.1 Tnl MBN"" 

Test MBN-6 was conducled aoxordina 10 NCHRP Report No. )SO leSI 3-38 impacl 

conditions.1lJe 2,031-kg pickup IruCk impacled the bulll'lO$e barrier with the: left·front oomer o f the 

vehicle aligned midway between posIS nos. I and 2 on the right-side: of the barrier, as dlown in 

Figure 38, at a spc:ed of 101.S kmIh and lUI angle 0(20.4 degrees. A summllry ofthe test results and 

lhe lOCquentiaJ photogmphsare shown in Figure 39. AddilioruU sequential photographs arc shown in 

Figure40. FuU-sealccrash documcnlaryphotogrtlphsaredlown in Figw-cs 41 and 42. lt is noted thaI 

the buUnose sysICm design used for lest MBN-6 remained unchanged from the configuration used 

in 11'51 MaN-S. 

7.2 Telt De.eripllon 

Fo llowing lhc: ini tial impacl " 'ith the pickup truck , the thrie beam rail immediately began to 

defonn inward. AI 0.04 \ !ICC afkr impact. pasl no. 2 on the right side: fraclureci due to the impact 

with lhc: left front or llle pickup truck, thus allo .. illi the: guardrail to deflttt inward considerably. 

Subsequently, the left·fronltire o f the pickup lruck rode up and over lhe lPOund line strut and 

snagged on past 00. 2. eausin!! the tire to rotate counter clockwise inlo the guardl"lli l. As the piekl1p 

pc:netmlc:d fanhcr into the barrier. it impacted and fractured post no. J on tnc right side 81 0.089 see. 

HOweVCT. post no. J did no! detach from tnc gUlU"dnUI but instead remained 811adleci 10 the rail , 

pulling the guardrail downward as it fraclured . 1lJe top of Inc guardrail displaced back laterally 

fnrther than the bottom of the mil, thus fonning a ramp for the lire 10 climb up and OVCT. The left

front lire htgan to ride up the: ramp fonned by thcdefonnntion of the rail al 0. 105 sec. By 0.153 sec, 

the Icft-fronl tire wa5 on lopoflhc thrie beam. Sub3equentJy, post no. 4 on the riilhl side fractured : 

64 



ho ... ,\,vcr, il remained altached 10 the euardrail and pulled il downward in a similar manner 10 post 

no. 1. The right·front tire rode up the broken post 00. 4 and onlo the mil. AI O.2S1 $Cle, the entire 

front of the pickup truck had ridden up and over the top o f the rail. TIle bllck wl\<.'(:llhcn tl1lvelOO up 

lIlldover theeuardrail nearpost no. 2 on the righl lide. The pickup truck be<:amecom plctc lyairbomc 

and lo~t contact with the gl.Jlll'timi l pt 0.184 sec. At 1.110 sec after imp8et, the truck returned to the 

arol.ll\d, just clearing the install ption and landing on its side. n..: truck sl id to a stop lS. I·m 

downstream of the end of the instal lation. The trajcclOf)' of the pickup truck during the cnash test and 

the final posi tion of the vehicle are provided in Figure 41. 

7.3 Veblcle Oa mllge 

The: elltensiv<: vehicle dnmuge, occurring 8$ a result o f the v"hiel" vPulting over the syst"m 

upon impact, is shown in Figure 44. SilPli ficwlI \UId~'reurriuge damage wtlS observed on the vehicle 

along wilh exl"nsive body damas". The,.., was al!lO considcrabl" erushina of the pickup truck's 

intmor occupant comparl'""nt. [t is noled that il is difficult 10 determine the &mOunt and "xtent o f 

the damag., caUKd by intcrnction .... ith the guardrai l as opposed to damage caused with ""hide 

vaulting and SUbseql.l"t\l rollover of!he vehicle. 

Burrier damage was moderate, as shown in Figures 4S through 47. All oflhe post damage 

occum:d to the right sid" ofthc II)'Slem. The first five posts on the ri ght side ofthc system ~ 

fractured . Although post no. I was spl it down the caJt"rline. starting at the lOp and ending at the lOp 

ofthc foundalion tube, it did 00( brW away completely. BeT post nos. 2 and J fractured through 

the holC5 al arollOd 1"",,1. CRT post no. 4 _ bmk"n at u-,., bottom hol" . 1lIe fraeturc of post no. S 

was observed at both the lOp and bottom hoJC5 in tIH: post. TIle boll$ anachina post no. 4 and S to the 
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guardrail did not pull through the rail and remained in place during the impact 

The damage 10 the tMe beam guardrai l in the system WI$ moderate duc 10 the limited 

interaction ofthc impact vehicle wilh tke system prior to vaulting. No major tearing of the guardrail 

was observed. Buckles in the rail were fonned 279·mm up$1Team of post no. I and at post no. 6 on 

the niht s ide of the: barrier. The thrie hellm between post nos. 1 thmuib 6 wasdeforrncd and pushed 

down. No damage of the: cables or the: cable plates ""as found . 

1.5 (kcup. nt Risk Values 

lhc longitudinal and lateral o<xupant impact velocities (OIV) were determined to be 6.22 

mls and 2.41 m/s, respe<:tivcly. The maximum 0.010-$« average O(cupanl ridedown deceleration 

(ORO) in the longitudinal and lateral dircctiOl'l$ was 2.0fI g's and 4.46 g.s, rcspc<:livdy. It i, noted 

Ihat the oceupant impact velO( ities and O(cupant rid .. :down decelemtions, as determined by the 

vehidecontact with the barrier before rollover, "'-eTC: within the sugaested limits provided in NCIIRP 

Repon No. 350. lhc results of the o<xupanl risk data arc summaril.Cd in Fig~ 39. Results are 

shown arup/lically in Appendix 8. A ralc transducer mal runel;on prevented rate transducer data from 

being collected in test MBN-6. 

1.6 nin uss ioD 

Following tCSt MIlN-6. a safety performance evaluation was eoiKIucted, and the: bullnose 

barricrdc$iiD "''lIS determined to be unacceptable for the test 3-311 impact condition aeconIing 10 the 

NCIIRI' Rcpon No. 350 eriteria. The bu ll nose barrier failed 10 e()llIain and SlOp the test vehicle in 

a controlled manner due to the vehicle override and vault ina. Detached clements and debris from the 

test artiele did not penctnlle or show potential for penetrating tnc occupant compartment. M a result 

of vehicle rollover, there was significant deformation of, or intrusion into. til<: occupant compartment 
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that could h.avecaused serioU$ injury. l1Ie vehicle did oot mnain upright durinSand afterc:ollision. 

and the vehicle's trajectory likely intruded into adjacent traffic lanes. Vehicle traje<:lory behind the 

test ll1Iicle was unacceptable as the test vehide vaulted and became airborne in the mcdhm area 

behind the bullnose. 

l1Ie failwt of test MBN-6 10 meet all of Ihe safety perfonnance criteria was directly 

attributed to the vaulting ofthc pickup truck. l1Ie pickup truck rode up the guardrai l between post 

~ 2 through 4 on the right side o f the system. Two factors wat: believed 10 have Ilttributed to the 

vehide climbing and ""ultingovel' the system. l1Ie fiB! contributing faclor wtlich led 10 the failwt 

of the system was a lack o f sufficient auardrail tension developed upStream of the impact point . A 

.second factor was that little lateral resistance WIU provided by the poslS as post nos. 3 and 4 fmclUTCd 

on Ihe right side. As these POStS rotated and fractured. they remained bolt~-d to the II'liW'dmil and 

pulled it down towards the ground: l1Ie lack of tension and lateral resistance allOwed the pickup 

truck to penetrate into the guardrail with increased ".il deflection and rotalion and without the 

vc:hicle being captured or redire.;:led. This combination lurned the guardrail inlO an effective mmp 

for the impactir>g pickup truck 10 climb up and vault over. 

A3 a result o f the failed test. design ehanges "'-ere necessary to sllow the slICcessful 

containment or redire.;:lion of the pickup truck. This meant that the thric belUl'l mil would need 10 

remuin uprighl and funclionallong enough in order 10 capture the front of the impact ing vehicle, Ihus 

preventing vchicleclimbing, vaulting, and rollover. These changes required that the raillension and 

lateral stiffness be increased without adversely affecting the head-on impact performance of either 

the pickup truck or small ear impllCts. 
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• 
Figure J8. impact Location. Test MIJN-6 
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OOJS5« 

O.OOOuc 

• Tesl Number 
• Date •••• .. 
• AppunCIWla: 
• Total Length 
• Steel Thrlc llum 

Thlekru:$$ • .. 
Top Mounting llciQht •• 

• WoodPo~ 
PO!II Nos. I ·3, 10- 11 . 
Post Nos. 4 - S ....... 
Post Nos. 6 • 9 .. 

• Wood Spii!Xr BIO<lks 
Post Nos. 2 • 9 

0.064 so: 

0.062soc 

MBN-6 
9116198 
Bullnose Med1811 Buner 
20.144 m 

12 gauge (2.66 mm) 
. . 804 mn• 

0.121 5« 

0.1565« 

140 lflm x 190.S mm x 1080-mm long BCT 
.. I SO mm x 200 nun x 1980-mm long CRT 
. . 130 mm x200 nun x 198(krun long 

ISO mm x 200 mm x 360-mm long 
• Soil Type . 
• Vehicle Mod< I .. 

.... .. Oroding B • MSHTO M IH·6S (1990} 

..... . 1991 Chevy2.S002WD 
Curb 
Tes~ lnMial 

Oro:!S Sllltic 
• Vehicle Speed 

lmpxt ..... 
Exit. .. .. 

..... ... 2.0S5kg 
.......... 2.03 1 kg 

2.0J I ka 

IOUkmlbr 
NA 

Figure 39. Summary and Sequential Photographs, Test MBN-Q 

0.203 so: 

0.270soc 

• Veb.:lc Angle 
lmpxt ••• • • •• . • .. .. .. . .. 20.4 dee 
Exh . . . • •••••••• ..• •• , . . NA 

• Veh.:lc Snagging • .. • None 
• Vehicle Smbility • • • • • • • • • • • . • ••• Unsatisractory/Rullovcr 
• Occuponl Ridcdown Oo:clcrAtiCXI ( I 0 1115<( ovg.) 

Longitudinal .. . • • .. • . .... 2.08 g's 
Latcml (not required) • .. • . . ... ~.46 g's 

• Occupontltnp•ct Vcloeh) 
Longirudinal .. . .. • .. . ... ...... 6.22 ml$ 
Latcml (1101 n:qul~) • • •••••.•• •• • 2.4 I mls 

• Vehicle Oanuge .. • . • .. • .. ..... ...... ... l;.tensivc (Rollo><r} 
TA.J)UD .. , . . . • , •..• , ...... NA 
SAEU!I . . . • . . . . . • • • • • •• . • • • . NA 

• \lebldc Sl!)Jlping DistanCe .. .. ......... ... S2.29 m downsuwn 
5.93 m ldl or centerline 

• Barrier l>am.lj:c .. • .. • .. ............ Modc.nuc mil damngc Md 
fi•c mocnrrt<l postS 

• Maximum O.llc<1lanJ 
Permanent Set 
Dyrwnic ... . 

...... NA 
. ... ...••••• .•. NA 



0.041 sec 

0.16911« 

0.2J2~ 

FilOun: 40. Additional Scq~ntial PhotOVolPhs, Test MBN-6 
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Fi~u,.", 4 1. Full-Scuk Crash Tcst. Test MIJN-6 
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Figure 42 . Full-Scale CrashTe:sl. Test MBN-6 
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82JOm .. 

20.~ l _____.;: ~~· ~-...L......J---1--L-...-..=a------~2mm _____ l 

Figure 43. Vehicle Trajectory. Test MBN-6 



Figure 44. Vehicle Damage. Test MBN-6 





• 
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Figure 46. Bania Damage, Tesl MBN-6 
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F;iure 47. Barrier Dlimage. TClIIIMRN-6 
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SIlA RRI ER MODIFI CATIONS (DESIGN FOR MBN-7) 

S. I Modifi ca tion ofBuJlnon Dcsign 

The bullnose barrier system was modified prior to conducting the third full-scale crash test 

of Phase III , test MBN-7. The full-scale test results of test MBN-6 demonstrated the importance of 

keeping the thOe beam rail uprislJt and functional long enousIJ in order to sufficiently capture the 

front of the impacting vehicle and prevent vehicle climbing and vaulting over the s)'Stem. The failure 

of the guardrail in test MBN-6 to remain uprislJt and functional can be attributed to a lack of 

sufficient tension in the guardrail upstream ofthe impact and a lack oflateral resistance in the barrier 

system. These faclors were believed 10 huve allowed the guardrail to defonn and rotate excessively, 

and therefore design changes in the bullnose barrier were deemed necessary prior to perfonning test 

MIlN-7. 

Four modifications were made to the bullnose median barrier prior to oonducting lest MBN-

7. These changes were intended to strengthen the guardrail in the area of the critical impact point 

without !!IlCrificing the ability of the nose of the system to safely bring the previously tested head-on 

impacts to aoontrolled stop. First, the third post on each sideofthesystem was changed from a BCT 

post toa C RT post. Seoond, two CRT posts were also added to each sideofthe system. The two new 

posts were placed midway between post nos. 2 and 3 and midway between post nos. 3 and 4 in the 

previous design, These posts were added in order to increase the lateral resistance in the barrier 

system, thus increasing the rails ability to capture and contain the impacting vehicle. Thirdly, the 

SKT soil tubes used with post nos. I and 2 were changed to standard, non-proprietary foundation 

tubes 10 eliminate any perceived conflicts in their use in the final design. The final modification was 

made to the second section of thrie beam rail. The addition of new posts to the system made it 

necessary to change the slot pattern in rail section no. 2 in order 10 allow for proper ooJlJlcction of 

the rail to the posts. The modified design is shown in Figures 48 through SO. 
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Figure 48. Bullnose Banicr Design. Test MBN-7 
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Figure 49. Modified Rail Section No. 2, Test MBN-7 



Figure 50. 
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9 C RASH TEST MON-7 

9.1 T~! I MON-7 

Tesl MBN-? wa.sconducted a<:e<>rding tothe NCHRP 350test 3-38 impact conditions which 

are the same conditions used in test MBN.ti. The 2,036-kg pickup truck impacted the bullnose 

barrier with the left-front eomer ofthe vehicle aligned midway between post nos. I and 2, as sho"1l 

in Figure 51, and at a speed of 100.0 kmlh and al an angle of24.9 degrees. A summary of the tcst 

results and lhe sequclltial photographs are sho"1l ill Figure 52. Additional sequential photographs 

arc SOO"1l ill Figure 53. Full -scale crash documenlary pholographs are 500"11 in Figure 54 . 

9.2 T"'St ihKription 

Following Ihe inilial impact with the pickup truck, the thrie beam mil immediately began to 

deform inward. AI 0.026 sec ancr impact, the len front oflhe pickup lruek impacled post no. 2 on 

Ihe right s ide, causing il to deflect backward. The middle front of the pickup hil POSI no. 3 jusl as 

post no. 2 fractured at 0.052 sec. As the pickup penelmted farther inlo Ihe barrier. POSI no. 4 on Ihe 

righl side WiIS froiCturOO aslhe front oflhe pickup truck impacted it at 0.104 sec. At 0.123 SC(l, post 

no. I on the right side fraclun:ddue lothe lalcmlloatling exerted from Ihe vehicle onto Ihe mil. This 

post fracture elimitl3led Ihe cable anchor as well any as rail tension provided by the cable Oil thaI 

sidc. Thcse post fail ures allowed the thrie beam to move 10llgitudinally with the truck instead of 

providing. Ihe ad~"QWlte resistance nced~>d to capture the vehicle. This longiludinal movemcnt allowed 

the Ihrie beam 10 lay down and rotate backward, Ihuscrcating a ramp for the vehicle 10 cl imb up and 

overlhe mil instead of capturing and redire<:ling the veh icle. The len-front wheel ofthe pickUp truck 

began to travel over the thrie beam ncar post no. 5 al 0.] 52 SC(l. Subsequelltly, the right-front wheel 

traveled o ver the rail which pulled the truck toward the right. The truck continuo:<! to !r,lvel up and 
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over the mil until 0.597 sec aftcr impact whenlhe right-rear wheel of the pickup truck snagged on 

the guardrail while passing over it. Th is wheelsnaggingCllused tho:: fronlofthepickup to rotate down 

and toward the righl. AI 0.771 sec, the right-front sidc of the pickup contacted the ground after the 

right-rear tire discngaged from the rail. The mornemwn oflhe lruck continued forward, rotating the 

back of the pickup forward over the right front of the truck , causing the vehicle to cartwheel across 

the system. l1Ie pickup truck then impacled the left side of the system as it continued to cartwheel, 

striking the lOp of the rai l between post nos. II and 12 before coming 10 rest on ilS side 

approximately 5.5 m 10 the left ofthe system. The Irnje<:tory of the pickup truck during the crash test 

and thc final position of the vehicle 1II'e provided in Figure 55. 

9.3 V~hicle Damage 

1be modernte vehicle damage, occurring as a result oflhe vehicle vaulting ov~r the system 

and rolling over upon impact, is shown in Figure 56. Minor undercarriage damage was observed on 

the vehicle. The right side of the front bumper was bent inward and around the framc rai ls. Minor 

buckling of the right-front fender was al$O found. The right front of the frame was bent significantly; 

however, it was believed that this damage occurred during the rollover event and not during the 

impact with the guardmil. There was no crushing or damage to the pickup truck's interior occupant 

compar1ment. It is noted that it is difficult to determine the amount and extent o rlhe damage caused 

by interaction with the guardrai l as opposed to damage caused with veh icle vaulting and subsequent 

rollover of the vehicle. 

9.4 " arrier Damage 

Banier damage was exlensive, as shown in Figures 57 through 59. All of the post damage 

occurred to the right side of the system. The fin>! seven posts On the right side of the system were 
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fractured. 3CT post nos. I and 2 fractured through the hole at ground level. CRT post no. 3 broke 

atthc bottom hole, while CRT posl no. 4 was fractured cleanly at the tOp hole. The fracture of post 

no. 5 was observed near the bouom bole in the post, white CRT post nos. 6 and 7 broke through the 

top bole near ground level. 

The damage to the thrie beam guardrail in the system was more significant than was observed 

in test MBN-6due to the improved vehicle interaction with the guardrail. Buckling of the rail on Ihc 

right side occurred at three locations - 2S4-mm upstream of post no. I, midway between post nOS. 

6 and 7, and near post no . 8. Buckling of the mil on the left side oe<:urred at post no. I. Tcaring of 

the gunrdruil was observed upstream of post no. I on the right side ofthe barrier as well as in the top 

hump of the rail at two locations 381 -mm upstream and 127-mm downstream of post no. 2. Major 

tearing ofallt1lrce humps occurred 381·mm downstream of post nO. 6 on the right side. The top of 

the guardrail was dented between post nos. II and 12 on the left side of the burrier when the vehicle 

rolled over. No damage to the cables or the cable plates was found. 

9.S Oecupant Risk Values 

The longitudinal and lateral occupant impact velocities (OIY) were determined to be 7.44 

mls and -1.38 mis, respectively. The maJ<imum O.OIO-scc average occupant ridc:down deceleration 

(ORO) in the longitudinal and lateral directions was 7.01 g' s and 5.79/-5.57 g's, respectively. [t is 

noted that the occupant impact velocities and oe<:upant ridedown decelerat ions, as only determined 

by the vehicle contllct wi th the barrier before rollover, were within the suggested limi ts provided in 

NCHRI' Repon No. 350. The rcsultsofthe occupant risk data are summarized in Figure 52. Results 

are shown graphically in Appendix C. The results from the rate transducer are also shown graphieally 

in Appendix C. 
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9.6 Diseuuion 

FoliowinK test M8N-7, a safety perfonnancc evaluation was conducted, and the bullnose 

barTie. design was detennined 10 be unacceptable for the test 3-38 impact conditions acrordinK to 

the NCHRP Report No. 3.50 criteria. The bullnose barrier failed to contain and stop the test vehicle 

in acontrolled mant>erdue to the vehicle override and vaulting. Detached elements and debris from 

the test article did not penetrate or show potential for penetrating the occupant compartment- There 

was no s ignificant defonnation of, or intrusion inlO_ the occupant compartment that could have 

caused serious injury. The vehicle did not remain upright during and afier coli ision, and the vehicle's 

trujeclory likely intruded into adjacent traffic lanes. Vehicle trajectory behind the test article was 

unacceptable as the test vehicle vaulted and bceame airborne in the median area behind the bullnose. 

The failure of test M8N-7 10 meet all of the safety performance criteria was directly 

attributed to the vaulting of the pickup truck. The pickUp truck rode up the guardrail near post no . 

.5 on the right side of the system. The cause of the vaulting of the pickup truck in test MBN-7 was 

similar to what was observed during test MDN-6. Two factors were believed 10 have attributed 10 

the vehicle climbing and vaulting over the system. The first contributing faclor which led to the 

failure of Ihe system was a lack of sufficient guardruilteHsion developed upstream of the impact 

point. Aftcr the failure of post no.l and the acoompanying lossofthe cable anchorage, there was not 

sufficient tension in the guardrai l to safely redirecl and contain the vehicle. A second factor was thai 

insufficient lalemJ resistance was provided by the fractured posts fractured on the right side of the 

barrier. The lack of tension and lateral resistance allowed the pickup truck to penetrate inlo the 

guardrail with increased rail deflcclion and rotation and without the vehicle being captured or 

red irected. Th is combination turned the guardrai l into !Ill effective ramp for the impacting pickUp 
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truck to climb up and vault over. 

As a result of the failed test. design changes wo:te necessary to allow the successful 

containment or redi~tion the pickup trock. This meantthatthc thric beam rail would need to remain 

upright and functional long enough in order 10 capture the front of the impacting vehicle, thus 

preventing vehicle climbing. vaulting, and rollover.l1>ese changes required that the rail tension and 

lateral sti ffness be increased without adversely affecting the head-on impact performance of either 

the pickup truck or small car impacts. Subsequently. computer simulation modeling ofthe previous 

two failures was performed in order to investigate the design flaws in the bullnose system as .... -ell 

as to investigate potential solutions. 

86 



-' . 
. ~ • • 

• • • \:? \ • . < . , , , • - .. 

Figure 51. Impact l.uo.;atiulI, Test MON-1 
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00 
00 

• TesHiumbet . . • .. . •• .. .. MBN·7 
• Dote ... . . • • . • • • • • •• • • • 5124/99 
• Appunenllllec • • .. • .. • • Bullnose Mcdillll Barrier 
• Tolnll..<ngth . . • . . . • • •••• . • 20.1 4~ mm 
• Slecl l'hrie llc"'n 

Thlckncss . • . • • • • • • 12 gauge (1.66 nun) 
Top Moumlng HciM)u .• 864 1nm 

• Wood l'osls 
P<1s1 Nos. I· 2, 12 • 13 ••• 
Po~t Nos. J · 7 
Po51 Nos 8 • II 

• Wood Spocer l31ock.l 

140 mm x l90.S mm A IOI!O.mm lo11g BCT 
1$0 mm x 200 mm x 1980-mm long CRT 
1$0 mm x 200 mm x 1980-mm long 

POll N01. 2 • II • • .. • • . • 1$0 mm x 200 mm \360-mm long 
• Soli Type... . ••.. •• • Cradin&D·MSI-ITOM 147-6$(19'lQ) 
• Vcbklc Model . • . • • • • . • • • . • 1992 Chevy 2$00 2WD 

Curb • • • . • ••••••••.• l.14Hg 
TCSiincnJnl . • • .. • • • • 1.036 k& 
Cro5s Stade .. • • • • • • • • 2.036 q 

• Vchide Speed 
lmpliCl.. • • • • • • • •• .. 100.0 kmlbr 
Exi1 • . • . .. • • • • • • • • NA 

Figure 52. Summary and Sequential Photographs, Tes1 MBN-7 

• Vehicle Anak 
lmplt'l. •... , • • . • . • • • • • . • • • 24.9 de& 
Jl,rt • • • • • • • •••• , • • • • • • • N1\ 

• Vrhicl< Snaulng • • • • .. • • • . . • . N.-
• Vehicle Stability • • • • . • • • • . • • U11$111i$fuctory/Rollovcr 
• O<cupant Ridcd01•n Dccclct~~tlon 1 I 0 msec ••a.) 

Longituclinal ... . • • . • . • • • . . 7.01 g"s 
I.Jiteral (not rtqulrcd) ....... $.791-$.51 g's 

• O<cupant lmpact Velocity 
LonghudiMI. • . • • • . . .. •••• 
i.JIIcral (not rtqulrcd) • . • .. .. .. 

• Vohield)omogc • • • .. . . ............ . 
TADil!l •••••...••...•••••• 
SAEU!l...... . .. .. ...... . 

• Vchlck Slopping DiSIIUICC ..... ........ . 

• BlliTI« Dwn~~ge •••• .. 

• Mt>~lmum Ddlecdons 
Permanent Set 
D}nanuc •••• 

7.44 mls 
·1.38 mls 
MDdel'liiC (Rollover) 
NA 
NA 
16.3$ m downsttcam 
7. 74 m left or ccntcrline 
E>.t<nSivc .-il ~c and 
seven 1\aaured posts 

NA 
NA 
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Figun:: 53 . Additional Sequential I'holOijrupiu. Test MBN-7 
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Figure 54. Full-Scale Crash Test, Test MBN-7 
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MBN-7 

5.486m 

I 
·----------

24.9. 

Figure SS. Vehicle TraJeelory. Test MBN-7 



Figure 56. V~bi~le D8mag~. Tcsi MIJ N·7 
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~lgure S7 . Barrier Damai.~ , Test MBN·7 
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Figure 58.. Banicr Dalt1llgl:. Tcs! MON· 7 
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Figure 59. Barrier Damage, Test MI3N-7 
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10 COMPUTER SIMULATION 

10.1 In troduction 

Nonlinear finite element analysis (FEA) ming LS-DYNA (l2) was performl-d to W1.DJ)"Le Md 

evuluute the bullnose system throughout its development. Previously, the FEA application for the 

frontal impuct scenario WlIS described in tile Phase II report 0). This section describes the FEA 

application for the critieal impact point (CU') !lCCnario. 1be previous failures of test nos. MBN-6 and 

MBN-? had established the difficultly o f impacting the CIP. and it was hoped that simulation could 

aid the scan.:h for a possible solution. 

10.2 Transi tion from Frontal to C U' 

To simulate the CII' scenario. the frontal impuet model had to be converted to a model 

suitnble for impaets along the side of the bullnose: . This transi tion required a considcruble amount 

• 
ofmodelinS effon . Since this modeling effon did not directly contribute to the analysis and design, 

it will not be documented in this section. However. from a modeling viewpoint. there was much 

gained by this transition modeling effon and thus, II conference paper was published documenlina 

the work aID. A C(>py nfthat C(>nference paper is attached as AppendiK O. 

10.3 M8N-6 Simulat ion a nd Anal)"" 

M BN-6 was the CII' impact with a 2000-k,lruck 81 100 kmIh and at 20 degrees. ~uring the 

lesl, the nail began to roll over, fonning a ramp which eaused the truek to ride up Ultd over the 

system. Simulating this event was the first step in the analysis. The CU' model and MBN-6 

simulation of the event is shown in Figure 60. From the front-end view, it can be seen that the rail 

has rolled over, and the truek bejtins 10 climb up the raiL 

By careful inspection of the simulation l'CSull!l, it was dctermirn.-d that the lire/5uspension 
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system influenced the lnICk ride up the rail dllC: to the tire impacting the ground line Stru!. A cutaway 

view of this behavior is shown in Figure 61 , Examination and comparison of overhead views ofooth 

the MBN-6 simulation and full-scale testing showed that when the vehide reaehes post 00. 3 the 

rail rollover becomes evident, us shown in Figure 62. When the baseline model is modified by 

removi ng the ground line strut and replacing post nos. I and 2 with longer posts. the tire-strut 

interaction is eliminated. Simulalion results o f this modified model shows noticeabLe improvement 

in the nul behavior, us shown in figure 63. 

10.4 Ot$ign Modifications 

In addition tothe ground line strut being removed, three additional modifications were made 

to the bullnose system model to improve its ""rfonnance for the CIP impact. First, half-post spacing 

was used between original post oos. I and 4. This change added three new posls to each side ofthc 

system. SC(:ond, chamfered blockouts were used to improve the ability of the rai l to wrap around the 

top of the tire and thus, get improved interlocking between the rail and the vehicle, as shown in 

Figure 64. Finally, double blockouts were used 10 reduce tire snag as well as to hold the rail higher 

for longer time as the post rotates during the impact. This is shown in Figure 65. 

10.5 Finllll>es ign Simul .. lion 

Before running full-scale tesl MIlN-8, the design modifications were made to the L..S-OYNA 

model. lhc modified model is shown in Figure 66. Results indicated that the new design ""'Quld 

safely capture the lnICk, as shown in Figure 67. Recall that the CIP test is defined as the impact 

condition where it was not known whether the bull llOSC would capture or redirect the vellide. 

Pllysical testi ng later verified these TCSults. 
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Figure 6 1. Ground Strut Innuences Tire Ikhav;or 
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fiil.lre 62. MBN-6 Top view - Test and Simulation 
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Figure 63 . No Strut Simulation - Rail Does NO! Roll (}\:cr 
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Figure 64. Chamfered Blockout Allows Rail to Wrap Around Tire
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Figure 6~ , Dooble l1lockoul ReducC';ll Tire Snag 
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Figure 67. Modified Design Indicates Capture of Vehicle
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II BARRIEn MOJ>lt' ICATIONS (DESIGN FOR MBN-8) 

11 .1 Modifkation of Bullnose DeJl ign 

The bullnose barrier system was modified prior to conducting liIe founh fuJl ·scale crash test 

of Phase III. tesl MBN·S. The full·scale test results or teSt MBN-7 and the computer simulation 

discussed in the previousscction Lcd toscvenll modifIcations tolilebullnose barrier design that Were 

aimed at improving its safety performance in liIe elP impact test. 

Four modifications were made 10 the bullnose median barrier for test MBN-S. Fint. liIe 

se<:ond post on each side of the system was changed from a CRT POSt to a OCT poSt. Second, an 

additionall3CTpost with a single blackout was also added to each sideofthe system. The new post 

was placed midway between post nos. I and 2 in the previous design. These two poSLS were added 

in order to increase the lateral resistance in the barrier system, liIus increasing the rai!"s ability to 

ClIpLure and contain the impacting ~ehicle. Changes were also made to liIe blockouts used in the 

design. Post nos. 3 through S on both sidesofLhe barrier were fined with double blackouts in order 

10 reduce wheel snag. In addition, the outside blackout on post nos. 2 through 8 were chamfered 25 

degrees on the front fnee, beginningatlile post bolt hole and continuing 10 the bonom, The purpose 

of the ehamfcrt-d blackouls was to allow tile thrie be.IIm to fold oock and wmp around the front lire 

ofth~ impacting vehicle, thus aiding in vchide capture. The fi/Utl modification 10 the bullnose design 

was the removal of the ground ti ne strut beLween poSI nos. I and 2 in the previous design. The 

ground line stnn removal eliminated the intelllction betw~en the left·front vehicle tire and the ground 

line strut. thus reducing Lhe potential for the vehicle toelimb and vault the mil. The modified design 

is shown in Figures 611 through 70. 

It was decided that the founh test of Phase []J would be a "'peal of test nos. MBN·6 Wld 

106 



0 .... 

.. ,, .... -·--------·~--

Thrie lleom ICT Post 
•I 2•~mm 

ro-'- T..oe 
Po.t l 

lMt Boom 9CT Posl 
•I 18JOmm rO<Midotion Tut>e 

• liOmm T_..s Block 
Post 2 

Figure 68. Bullnose Barrier Design, Test MBN-8 

0 
nu-

L 
lMt S.om CRT Poat 

19110mm 10119 
• I J&Omm Blodo 41 

360mm Topettd 8loct 
Po.U J.• -5.6.7 .a 

--

r C) -
~[>1 -..,_ 

-,-

··~-

L 
llvie 8eom p.,. 

1980mm lon9 
•I J60rnm Blocl< 
PosU 9,10,11.12 

-



Figure 69. Bullnose Design, Test MBN·8 
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Figure 70. Bullnose Design, Tesl MBN·8 
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MBN-7 in order 10 prove IMtthe modified design was capable ofeapturing a 200Q..kg pickup tru<:k 

imp;lci occurring at the critical impact point. 
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12 CRASH TEST MUN-8 

12. 1 Test MBN-8 

Test MON.g was conducted as a rerun of test nos. MI3N-6 and MBN·7 with the design 

modifieatjoru; specified in Section I I. The 2,On·kg pickup truck impacted the bullnose barrier, as 

shown in Figure 71, at a speed of99.8 km/h and at an angle of21 .5 degrees in a similar location to 

that used in test nos. MBN-6 and MBN·7. A summary of the test results and the sequential 

photogruphs are shown in Figure 72. Additional sequential photographs arc shown in Figure 73. Full· 

scale crush documentary photographs are shown in Figures 74 and 75. 

1l.2 Test Description 

Following the initial impact with the pickup truck, the thrie beam rail immediately began to 

deform inward. At 0.031 sec after impact, the left front of the pickup truck impacted CRT post no. 

3 on the right side. cawing it to fr-.lCture. AI 0.066 secaner impact. post nos. 2 through 4 On the righl 

side had broken. As the pickup penelrated farther into the burrier. post nos. 5 and 6 on the right side 

broke d..., to the impact with the front of the pickup lruck. At 0.143 sec, post no. I on the right side 

fractured as the rail wrapped around it, thus eliminating the cable anchor at post 110.1 as well. 

However, un like in tests MBN-61U1d MBN· 7, the guardrail system had adequate lateral stiffness and 

tension to allow the capture of the bwnper and front wheels of the pickup truck prior to the loss of 

the cable anchor and upstream posts. As a result. the guardrail did nol drop nor rotate backward as 

much as was observed in the previous IWO leslS. As Ihe pickup truck continued ils rapid deceleration. 

the back wheels started to rise off of the ground 31 0.296 sec. At 0.371 sec, the guardrail wrapped 

around post no. I on the lell side o f the barrier and broke it on the right side of the burrier system. 

In addition, the guardrail formed a right angle 3t post no. 8, causing the front bumper and wheels of 
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the pickup lruck to bccomplC'lc:lycaplUKd. AI 0.703 sec. the pickup ~k wa.! nearly stopped v.1lcn 

posl no. 2 on Inc left side broke. By appro1timlildy 0.801 sec. the .:uardmi1. which had been pulled 

laul al post no. 3 on the left side and I»'t no. 8 on the right side, brought the fOf'Wllrd motion ofthe 

pickup \0 II complete stop and caused the back end of the pickup truek to pitch into the air. At 1.43 

see. the buck of the vehicle returned 10 Ihe ground. The pickup truck CIImc 10 R:SI after traveling 

longitudinal ly 10.1 8 m inlo the system. The IrajedOl'}' ofthc: pickup truck during the crash tcst and 

the final position of the \'ehiele are provi<led in Figure 76. 

12.3 Vehicle O.mage 

Vehicle <1antage was modenllt\ lUI shown in FiguR: 77. The majority o f the dama~ 10 the 

pickup lruck oceum:d bclow the hood line. 'Thc fronl bumpeTand fronl end o flhe pickup truck were 

crushed inward across Ihe entire width of the vehicle. lbe engine radialor wll.!la]1IO nlltlened.1lwl 

pickup truek ' , engine was shifted and twisted due to deformations 10 Ihe front o f Ihe frame. The 

drive shaft WllS disengaged duri ng the impact . 11tc left·front fender of lhe pickup truck was bent 

down and inward around the left lire. 'Thc left·fronl lire was turned oulward and pushed book into 

lhe wh.eel """,ll . 11tc lic rod on the left side wa.! s.hcarcd off. and the fronl frame hom on the len side 

wall bent plmosl9Q-desrcesdownward. The fronl wheel on the right side was lOR: offdurina impact 

with lhe barrier. The right-front fender was crushOO inward I\I'Id dOWJlward due 10 the barrier impact. 

Minorerucking I\I'Id chipping of the frame behind the: righi-front wheel wll.!llllilO obijC ..... ed . 11lcn:: was 

no crushina of the pickup truck's interior oe<:Upanl compartmenl. 

12." Uarner Damage 

~erdamagc was extensive. lIS shown in Figurc5 78 through 80. MOSl oflhc post damage 

oe<:umlli to the righl side o f the system. Nine posts in the system were fmcturni. OCT post no. 1 on 
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the letl side broke through the hole at grout>d line, whil., post 00. 2 partially fmc1un:d but did not 

break off compl.,tely. On the right side. BCT post nos. ] and 2 and CRT post nos. 3 and 4 were 

broken atth., hole at ground level. CRT post I"IOs. 5 through 7 on the right side fractured through the 

bottom hole. Post no. 6 was partially pulled out of lhe ground, No other posts in the system were 

fractured; however. post no. 8 Oil the right side had over 305 mm of pennan.,nt set defl.,.,tion, as 

measured at gTOW1d line. 

The damage to the thrie beam guardrail in the system consisted of buckling and tearing of 

the guardrail. Rail buckling was fou'nd on IxIth sides ofposl no. 2 on the letl side of the barrier. The 

rail on the right side of the barrier buckk'<l inlo a 9O-dcgree bend at a locations 305·mm upstream 

of poSt 1"10, 8 and again at post no. 9. Tearing of the tabs for the lower slots on the nose section of 

guardrail occurred 38] mm on each side of cemerlir>e. The middle hump of guardrail was tom 457-

mm downstream of post 00.7 on the righl side of the syslem and beginning al the slot tab. No 

damage to the cables or the cable plates was found , The maximum 10llgitudinal permanent sct 

deflection of the rail was IO.2·m downstream from the 1lOSC of the banier. 

Finally, it should be noted thai several large pieces of barrier debris were dislodged duriTl¥ 

impact and deposited a significant di stance from the barrier. A large piece ofBCT post 1"10. I Oil the 

right side of the barrier fractured offand was :;ent illto the air. landing approximately 12.2-m to the 

left of post no. 7 on the left side of the syswm. Two picces o f wood blackouts from unidentified 

posts were also dislodged dllring impact. landing 57.9-m to the left o f post no, 14 on the left side of 

the system. 

12.5 Occupant Risk ValuCll 

The 10llgillldinai and lateml oc(;lIp1lnt impact velocities (OIV) ",'Cre detennined to be 8.90 
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mls and 2 .39 mls. re5pe<:tively. The maximum O.O lo-sec average l)C(:upant ridedown de«lrnuion 

(ORO) in the longi tudinal and Lateral direc;tions was 10.90 g's and 3.051-7.82 a 's, respectively. [t is 

noled that the occupant impact velocitia and l)C(:upaIlt ridcdown dccclemt ions were within the 

sUllli:eSled limits provided in NCIIRI' Report No. 350. The results of the occupant risk datll are 

summm7.c:d in Figure n. Results an: shown graphically in Appendix E. The results from the rate 

If'BIUducer are al:K) shown graphically in Appendix E. 

12.6 Discussion 

Fo llowing test MBN·I , a safety perfonnance evaluation was conducted. and the bullnose 

barrier design "''lIS determined to be accc:pt.llble for the test 3-31 impact condi tions KC(lrdina to the 

NCBRI' Report No. 350 criteria. 11te bullnose barrier sUC(lI:SSfully contair>c:d and stopped the test 

vehicle in a controlled manner. Detached elemcntlllUld dcbris from the tesl article did not penetrate 

or show potential for penetmting the l)C(:upant compartment; however. several sittable pieces o f 

debris were c,Setached and may have intruded on opposing traffie lanes. There "''lIS no c,Se fonnation 

of, or intrusion into, the oceupant comparunmt ihat could have caused serious injury. The vehicle 

remained upright during and after collision. and the vehicle's In!.jc:clory did not intrude into adjacent 

traffic lana. Vehicle trajectory behind the tW article was &C(eptable as the teSI vehicle was eaptured 

in the median atea behind the bullnose. The l)C(:upBJ1t impact velocities and ridedown accele'dlions 

were within the suggested limits imposed by NCHRP Report No. 350. 

The next full-scale lest o rthe bullnose median harriCT, lest MBN·9. was eho$cn in order \0 

evaluate the NCHRP Report No. 3SO impact conditions or lest 3-32. This test consists ofa 82o-ka 

smal l car impacting at 11 speed o f 100 kmlh and at an angle of 15-dcgrecs on the !'lOSe ofthe 5)'SICm. 

No changes .... ere made 10 the design of the bullnose median barrier for this test. 
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c.-s .. "' 
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£.'11tit • • • • ••••••• 

\lBl'l-8 
9/24199 
Bullno~e Med•an lbnicr 
20.144 m 

0.126""' 

140 mm ~ 190.S """' lOSO·mm long BCT 
150 mm x 200 mm x 1980-mm Inns CRT 
1$0 mm x 2011 mm x 1980-mm long 

150 mm x 200 mm ~ J60.mm lona uapcn:d 
150 mm x 100 mm ~ J60.mm long 1119Cred. 

sln&l< fUIItiu, sin&lc mpcn:d 
150 mm ) 100 mm ,., J60.mm lon& 
<ltldina a. MStrro M 147-65 (1990) 
1992 <lMC 1500 2 wo 
l.I06ka 
l.OUI.a 
l.OJJq 

998tmlr 
()()...,. 

f igure: n. SummAI)' and Sequential Photos. Test MBN-8 

03971« 

• Vdlldc AJllle 
lmpo<t • •• • • 21.5 d<a 
E~it • . • • • NA 

• Vehicle SoiHain& None 
• Vehicle SW.Uity S:>lllfoaol) 
• O<cupanl Rid""""n Decdcmlon (I 0 mscc: ••&I 

Looailudinul. . .. • • .. I 0.90 i'• 
I..IJICIIII (nOI required) •• , . • 3.05/·7 Ill fs 

• Dccupanl lmp~ct Vcloeil)l 
Lon&ltudhud. , . . . , , . • , ••• 
i..lllml (no1rcquired) • , . . . ... 

• V chide OamDrg~:: • • • • , , • • • • 
TAJ)'..i!J • . , •• • . • • 
SA£Wl .. .... .. . . • • •• 

• Vehicle Sloppin& Duuncc ... ...... . 

. ......... 

...... 

8.90 mls 
2.39 mls 
Mudcmc 
llfOEW3 
11-FD-4 
li.04 m Oo" ns1rc'"" 
0.08 m rl&ht or ccnu:rhnc 
E•1cn1hc rot I damaac and 
nillc fi'ICIURd pDII1S 



0.056 sec 

V.D) sec -...... 

0.411 ilCC 

Figure 73 . Addilional Sequcnlial PtlOlogl"J.phs, Test MBN-8 
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Figure 74. Full·Scale Crash Test MBN·8 
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Figure 75 . Full-Scale Crash Te$I MBN·S 
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Figure 76. Vehicle Trajeclory. MB -8 
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Figure 17. Vehiclc DWlUlltc. Test MBN·& 
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t'igurc 18. Banic-r DWl1l1¥e. Tesl MON,S 
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Figure 79. Barrier Damage, Test MI3N-8 



FillUIl: 80. BatriC"r Dama~. Tesl MBN·8 
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13 C RASH TEST M BN.9 

13.1 Test MU N·9 

TeSI MBN·9 was conducted according 10 Ihe requiremenls ofNCHRP Report No. 350 lest 

3·32. The 904·kg small car im pacted the nose of the bullnose barrier, as shown in Figure 81 , al a 

speed of I 05.0 kmlh and ~t an angle of 15.7 degrees. A summary o f the test results and Ihe sequenlial 

phologruphs are shown in Figure 82. Additional sequential photogruphs are shown in Figure 83. Full· 

scale crash documelltal')' photogr:t.phsarc shown in Figun:s 84 and 85. No changes were made 10 the 

design of tnc bullllose median barrier fOT this test. 

13.2 T est Description 

Following the initial impact wilh the small car. the Ihrie beam mil immediately bc¥Bllto 

defonn around the front of the vehicle with the middle and boltom humps capturing Ihe front bumper 

and the tOp hump moving onto the hood. At 0.037 sec after impact. the thrie beam eonti ll ued to 

defonn inward as the top hump impocted the hood, delltoo it , Il11d pushed it backward. causing the 

hood to buckle. The tOp hump of the Ihrie beam continued to be pushed up underneath the hood, 

bending it significantly . As the small car penetrated farther into the barrier, post no. I on Ihe righl 

side was fractured Wi the beam wrapped around it at 0 .076 SC<,:. At O. I 1 I sec, post no. I on the left 

side fractured as the railloadcd the post. The mil on the left side of the system bowed outward and 

pulled away from post nos. 2 and 3. Shortly thereafter, a buckle in the guardrail ncar post no. I on 

the left side was pulled back into the small car, impacting the front-left door and shattering the 

window. By 0.163 sec into the impoct, post no. 2 on the right s ide fraclured as the mil wrapped 

around the post, and post no. 3 on the 1cftside was fractured w; it ww; impoctcd by the small car. POSt 

no. 2 on the left side fractured soon afterward as the rail from Ihe opposite side contacted it at 0.204 

125 



sec after impact. At 0.302 sec. post no. 3 on the right side was broken and the vehicle began 

d~'Celerating rapidl y. The rapid dccelemtion of the veh icle foreed the vehicle to yaw counter 

clockwise, causing the back tires to lift otTthe ground slightly. The guardrail formed a right angle 

at POSt no.. 4 on the right side at 0.471 see. At the same time, the small car continued to slow down 

as the guardrail was pulled taut at POSI no. 4 on both sides ofthc syslem. By 0.86 1 sec after impact, 

the small car had been stopped C()mpletely 6.50 m into the systcm. The tr,ljcctory of the small car 

during the crash test and the final position o f the vehicle are provided in Figure 86. 

13.3 Vehicle DamAge 

Vehidedamagewas moderate.asshOown in Figurc87. Theengine hood was pushed back and 

upward, causing it tOo bend and fold at severn! locatiOons. The front end Oofthe small car was crushed 

inward across the entire width of the vehicle. The radiator was n allened along with other engine 

components near the engine block. Minor bending of the front o f ihe frame was also observed. The 

right-front fender was crushed all along its length and pushed back toward the door. The left-front 

tire was turned outward IIOd pushed back ;ntothe wheel well. The left-front fender was also severely 

deformed inward. The left-side door bu<:kled near the front region when it contacted the fender and 

was pushed backward. This door buckling caused Ihe left-fronl window 10 shatter. Scratching IIOd 

denting oCthe left-side door due to contact with the rail was evident as well. There was no crushing 

of the small car's interior oceupant eompanment. 

13.4 Barrier Damage 

Barricrdamagc wase"tcnsive. as shown in Figures 88 through 89. A tntal nfsi" posts in the 

system were fmctuKd. BCT post nos. 1 and 2 on both sides nfthe system fmctured through the hole 

at ground level. CRT post no. 3 on the left side broke at the top hole and was trapped between the 
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end of the rail and post no. 4. CRT post nO. 3 on the right side fractured at the bottom hole. No other 

posts in the system were fractu.reU. 

lhe damage to the thrie beam guardrail in the system consisted of buckled and 10m guardrai l. 

Buckling of the rail on the left side occurred 762-mm upstream of post no. 3. On the right side. the 

barrier buckled at post I>Os. 3 and 4. All oflhe slotl.3bs in the nose section of lhrie beam guardrail 

were tom apart. a1lowinll all three humps of rai l to SCparlite. No other significant tearing of the rail 

was observed. No damagc to thc cables or the cable plates was found. The pennancnt setdcflection 

oftt>e rail was 6.50·m downstream from the nose of the barricr. 

13.5 (kcupant Risk Values 

lhe longitudinal and latcral occupant impact velocitics (OIV) were dctenni noo to be 9.94 

mls and 0.796 mis, respectively. "The maximum O.OIO-sec avcl1lllc occupant ridedown deceleration 

(ORO) in the longitudinal and lateral directions was 13.86 g's and 10.551-1 1.04 g's, respectively. 

It is noted lhatthc occupant impacl velocities and occupant ridedoWII decelerations were within the 

suggested limil!l provided in NCHRP Report No. 350. The results of the occupant risk data art 

summariud in Figure 82. Results are shown graphically in Appendix F. The resull!l from the rate 

transducer are also shown graphically in Appendix F_ 

13.6 Discuss ion 

Following test M I3 N-9, a safety perfonnance evaluation was conducted. and the buJl~ 

barrier design was detennined to be acceptable for the test 3-32 impact conditions IlCCOrding 10 the 

NCHRP Repon No. 350 criteria. The bullnose barrier successfully contained and SlOpped the test 

vehicle in a controlled manner. Detached e1cmentsand debris from the test article did not penetrate 

or show potential for penetrating the occupant companment. There was no defonnation of. or 
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intrusion inlO, the occupant compartment that could have caused seriOUS injury. The vehicle 

remained upright during and after collision, and tnc vehicle '$ tl'1lje<;;tory did not intrude into adjacent 

traffic lanes. Vehicle trajectory behind the test art icle was acceptable as the test vehick was captured 

in the median area behind the bullnose. The OC(:Upailt impact velocities and ridedown accelerations 

were within the sllgge~1ed limits imposed by NCHRP Report No. 350. 
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Figure 81 . Iml"Cl Location. Test MHN-9 
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Figure 82. SUJ1U1W)' and Sequential Photos. Test MBN-9 
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Filo\Ul'e 83 . Additional Scquc:ntiaJ Photograph$. Test MDN·9 



Figure 84. l'ull-Scolc Crash Test, Test MBN-9 
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Figure 86. Vehicle Trajectory, Test MBN-9 



figure 87. Vehicle Damage. Test MBN·9 
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FigUl'e !UI . Barrier Damage. Test MBN.Q 
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Figure 89. l3arri('r Damage, Test MBN-9 



14 SUMMARY ANO CONCL USIONS 

A bullnose median barrier WlIs de ... elopcx! and full-scale enWi tested to furtherde ... clop the 

design concept and 10 providc complianc~ testing&CI:ording to federal impuct safely slwKillrds. Fi ... e 

erash lestS were performed a.c<:ordin\lIO Test Le ... el) (TL· ) of NCHRP RellOrt No. 350. The results 

o f II Ie tests are 5ummari:u:d in Table 5. The r,r1It lesl, test MBN·5. was conducted ao::eording to the 

NCHIU' Report No. )50 impacllvndiliu ll$ for lesl ) ·)3. The test cOMisted ofa 2.0)9·kg pickup 

tnlCk impactina the nose of the barrieralasp«<! of 103.0 kmlh and at an angl~of 1) .4 degrees. This 

lest was judged lICUptable as the bullnose system successfully caplurcd lhe pid.up In.ock. Originally. 

the bullnose barriCl' system "'"lIS believed to be a gating system.. and the test matrix "'las configured 

acwrdingly. Howe ... er. test M UN· j showed thai the bullnose ~stem .... 'as actually a non-gati ng 

termi nal since It contai ned the ... ehicle when impacted on Ihe nose oflhe d" ... iceand at 011 Wll'le. This 

ch.'lngc in o;lll$ilicalion required thot lhe te:;t motrix be: revised in nrder tn rcfll'Ct its non-goting 

stPtus. 

The second test. test MBN-6. was eondocted according 10 the NCURP Report No. 350 lest 

)·38 impact Mndilions for non·gating terminals. The lest consiS!ed nfa 2.0) I-kg truck impacting 

the elP orthe system at a sprocd o f 10 1.5 kl11l11I1OO.1 an angle or20.4 de~,. Test MBN-6 failed 

to me<.1lhe NC URP safely n..oq uiremenlS Q the pickup uuck ... aulted over the sysu:m and rolled o ... ~r. 

Thc .... ulting o rlhe pickup truc k was dim::tly anributed \0 a lack of tension and IUleml stiffilCSS in 

Ihe system mak ing the guardl"1li1 unabl~ 10 remnin upright and functional lo n& cnou&h to al low the 

successful eapllueofthe vehicle. The tl'$l n:sullll wen: uxd to make design changes 10 the bullnose 

barriCl' which .... cre aimed al iocn:uing rail tension and. lateral SlifTness. 1lIC.se change'! \\,-ete 

nc:ecssary 10 efTf:C1i ... ely C3p1UR: the front of the ... ehicle. Modifications consisted of adding two posts 
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Table 5. Summ!U)' of Safety Perfonnance Evaluation 

EVIIuaticD EVIIUIIion Crilcrie Test Tdl Tdl Tdl Tdl 
F..- MDN·S t.mN-6 MBN-7 MBN.a MBN-9 

A. T C31 article should ........... ODd r<dlrut lbc \chicle lbc ..mcle should IXIC paldl*. s u u s s 
mkrridt.. or oumdt die imlai!Mion lllllou&h axurolkd 111m1 dcllclctiao of die lallltJCic 

Sttuaunl .. 
AdcqUI<)' 

c. Accq!Ublc ldl lltticle pafanniiiCC 1111)' be b) ralindioo. CDIIIn>lkd paxllltioa, or s u u s s 
controll<d saoooin~ oflbc \dticlc. 

0 D<uochcd clan<nu, ~IS or ocher dtbris fromlbc leSI orticle sbould DO( s s s M s 
pm<lra&e or show pocaulal for p<n<~mifta lbc O<CUpGnl COIJ4*1mal~ or prescnl 
., undue: hamnl&o ocher ualfoc. pedc>trilns. or penonnd In a v.ut moe. 
D<formotlons or. or iniN<ions inao. lhe OCQJIIIIII C01Dp111111CDI!Iult coWd cause 
serious ~t~iwies should ""' be 

F. The vcbxlc sbould raNin upnJln """"' ond alkr eoUision lldloulb ~ roll s u u s s 
... ond~~.. lc. 

Ooc...- ll Oeclrpanl ~ '<lodli<:s should .. isty lbc follo-Aing; s s s s s 
Rssl: O«wpont l•p•<t Volodty Ualts (alsl 

'QU!Ilmlml Pn:fcrrcd Mulmurn 
Lorclaudlnlland 9 12 
l.llcr.J 

I. D<cupant ride down occelerations should saaisfy the follo"ing: s s s s s 
Occupo nt Ride down Accelerollon Limits (G's) 

~ntKWgcJ Preferred Maximun• 
Lo11&hudlnol and IS 20 
Lotcral 

K. Aller eolllsloo IL is prefcnblc lhlll ~ •chkle'slro,!eclOiy no• inltUdc in10 adjiiC<Ilt ualfoc s u u s s 
Iones. 

L. The occupan1 impecl 'clod!) ia lbc lonaltudinol d1rcaim should bot cxceal 12 mls ODd lhe s s s s s 
Vdtick &idcdooooaoo<laMMn 1111bc IOnpo.jin:ll diroaloa should nocexeecd 20G's. 

Tnic=<Y 
M. The Olt IIICk &11m lbc leSI article pre(mllly silauld be less lhJD 60 pm:all o( die ldl s s s s s 

lonDKt •21<. lll<asun:d 11 lhc umc lhc vdtktc last contact ,.i lb !be device. 

N Vdticlc ~behind lhe ldl.,iclc is ICUI"&blc. s u u s s 
S • (Sadsfae~ory) 

. 
M • (Mfttlllllll} 

U • (UMIIisfSICioty) 



to each side of the system between post nos. 2 lind 4 and changing post 00. 3 from a aCT post to a 

CRT post. 

Test MBN·7 consisted ofa retest of lest MBN--6 Oil the modified design using a 2,036-kg 

pickup truck. Thc pickup truck impacted the barriersySlcm at a speed of 100.0 kmIh lind at an angle 

of24.9 dcgrees. Th is test also a failed as the pickup truck vaulted ovet"tlle guardrail and rolled over. 

However, it should be noted that the design modificat ions showed promise as the pickup truck was 

contained and redirected much further into the sY"lem prior to vaulting than was observed in the 

previous test . Conseql,lCtltly, there still was not adequate tension lind lateral sti ffness in the guardrail 

system to allow the vchicle to be safely captured. 

Computer simulation model ing using LS·DYNA was then used to analyze the failures of test 

nos. MBN·6 and MBN.1 as well as 10 illvcstigate possible solutions to the problems being 

encountcrccl. An investigation of the simulated test results showed tlml the tire interaction with the 

grourld line strut could increase the potenlial for the vehicle and tire to climb up the guardrail and 

vault over the system. Simulation of the barrier system with the ground line strut removed showed 

P reduced tendency for vehielc climbing and vaulting over the rail. Computer simulation WIlS also 

used to examine whether modified blockouts could improve performance. The analysis showed that 

double clmmfered blockoulS reduced tire snag and allowed the lowerthrie corrugation to fold back, 

thus increasing wheel captUI\':. 

BaKd on the simulation analysis and results from the previous lests, the bullnose barrier was 

modified 10 include the removal of the ground line strut and the addition of doubled chamfered 

blockouts at post nos. 2 through 8. A OCT post wasalsoplaccd altiK: half· post spacingdownstrearn 

from post no. I on each side ofthe system. A s imulation ofthe modified bullnose system irldicated 
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that the new design would be capablc of capturing the impacting pickup truck. 

Testing of the modified design was then continut-d with test MBN·8, II retest of test fIOS. 

MBN-6 and MBN·7. Test MBN·8 passed the NCHRI' Rcport No. 350 safcty requ irements for the 

test 3·38 impact conditions as the pickup truck was safely captured and contained by the bullnose 

barrier. 

nle final test o f the bullOO5e barrier. test MBN·9, was conducted according 10 the NCHRI' 

Report No. 350 test ) . )2 impact conditions. For Ihis lest, a small car impacted on the nose of the 

barrier at II speed of 105.0 kmlh and III an angle of 15.7 degrees. No changes were made 10 the 

bullOO5e design for this test. Test MBN-9 successfully met the NCHRI' 350 requirements as the 

small car was safely captured and contained by the bullnose barrier. 

Throughout the course of the development of the bullnose barrier, a host of modifications 

and design changes were made to improve the performam:., of th., syst.,m. It was important 10 

consider the dreet that the design changes would have on the behavior of the system with respco::t 

to previously run full·scale compliance tests. A total of three full-scale compliance tests for the 

bullnose barrier were not rerun since it was believed that the design changes would not adversely 

effect the results from the previous successfullcsts. These successfultcsts were test nos . MBN-2, 

MBN-4, and MBN-5. which were performed according to the NCHRP Report No. )50 impact 

conditions for test nos. ) ·)0, ) .) I, 3·33, res]J'C(!tivcly. 

Test ) · )0, which was previoU!lly run as test MBN·2, was a Y<-offset small car impact on the 

nose of the barrier III a speed of 100 kmIh and an angle o f 0 degrees. Based on the success of test 

MIlN·9, II suecessful tesi of a small car impact on the noseofthe barrier at II speed of 100 km/h and 

at an angle of I 5 degrees. il is believed that the design changes would not degrude the perfOrTllllllCC 
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oflhe bwTicr for test 3-30. Therdore. the researchers believe that il does not need 10 be rerun. 

Tc~ nos. 3-31 and 3-33 were 2QOO.kK pickup !ruck impacts that were previously run 

successfully as test nos. MI3N-4 and MBN-5. respeetively. Considerution was Kiven to the possibility 

ofrcrunning those tests after several modifications were made to the banier desian in the course of 

subsequent testing. After del iberation. the rescurehers believed that there was no need to rerun these 

tests. because the ehanges made to tile system in order to stiffen the barrier for the CJ.P. impact 

would nol degrade the pe:rfonnanee ofme barrier for the head on impacts. It was noted thatlhe 

additiolllli postsaddcd to the system in tC$t nos. MI3N-8 and MBN-9 stiffened the system; however. 

they did not hinder the system pe:rfOITlUlIlCe in test MBN-9. asuccessful small car impact at an angle 

on the n~ o f the system. The incrcaxd stiff~, of tile system should have even less of an effect 

on the pickup truck in test nos. 3·31, and 3· 33 than in the smull cur test no. MBN·9. The use of the 

additional modified blackouts ~hou ld also pose no problem for these tests. 

Jt should also be noted that three of tile tcsl$listed in the NCHRP Report No. 350 test matrix 

for the bulloose barrier were not conducted. Thesoe Arc the length-ofneed 1estS. lesl 1'IO!l. 3-361l1\d 3-

37. and the reverse direction test. test 3-39. The two length of need tests were nOl conducted b«ausc 

previous tcsting has shown that thrie bcMt guardmil is capable of meeting the lellith of need 

requirements found in the NCHRP 350 impact safety standards. Similarly. the reverse direction 

impaclte5t was also left untested. Test 3-39 CII1I5 for u rcv~ direction impact ofa 2000·kg pickup 

truck on a point at the length of Ihe terminal divided by tw(). In the ease of the bullnose bruTier 

system. this impact would have been placed IICMthc middle of the straightlhrie beam section of the 

ban1crbelween post nos. 5 through 14. Thus. ba$ed on pRvious experience with straight thrie beam 

guardraillC51ing, il was believed that tt"Si3·39 was un~essary. 
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The Pha5e III development of the bullnose bwTierend tenninal was succcssfullycomplctcd. 

The initial design concept was further developed and successfully testcd for all of the necessary 

NCHRP Repon No. 350 compliance tests. 
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15 RECOMMENDATIONS 

A bullnose median banier designed for use in the protection oferrant vehicles from median 

hazurds W8Ssuccessfullyerash tested according totheeriteria found in NCHRP RelX'rt No_ 350_ The 

results ofmese tests suggest that this design i~ suilable for f ederal·aid highways. However, it should 

be noted lhat any design modifications made to the bullnose barrier require verifieation through full · 

scale vehicle crash testing. 

The bullnose barrier system, as shown in figuresO-ltluough 0·6 in Appendix G, was lested 

with a4,500-mm width to represent aconfigurntion with the minimum system width. As mentioned 

previously, a narrow bullnose installation requires tighter guardrail radii and induces much greater 

stresses and strains in the guardrail wrn,n un impacting vehicle penetrates into the system. The tighter 

guardrail rodii and higher stresses and strains should lead to greater likelihood of rail rupture and 

higher decelerations on impacting vehicles. Therefore, the narrow design was selccted for testing as 

8 WOTSt elISe installation. 

While the focus of this researeh has be<:n the development of the bullnose barrier for 

protection of narrow median hazards such as bridge piers lind overhead sign support structures, other 

possible applications for the design exist . There are two additional foreseeable field applications for 

the bullnose barrier system: (\) the prolection of the gap between twin bridges; and (2) gore area 

protection. Foreach oflhe three bullnose appl ications, there are installation and design factors that 

must be addressed before the design Can properly be used in these situations. These additional 

considerations will be addressed for each application. 

The narrow median hazard situation is the most basic application for the bullnose barrier. An 

example o f a typical, narrow bullnose barrier used for the prolection of bridge piers is shown in 
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Figure 90. During the erash testing pmgram, the maximum long.itudinal vehicle penetration and 

barrierdeflection was approximately IS.4-m downst~ from post no. I, asobserved in test MBN· 

4. In the test, the front ofthe pickup truck came lorest about one qwu1erofthe way down rail se<:lion 

no. 6 oflhe bullnose system. Based on this tesl defonnation, a minimum of 19.12S·m of guardrail, 

as measured longiludinally, or five sections of guardrail downstream of post no. I of the system is 

recommended in fronl of any hazard. The recommended distance is slightly hi~er than the 

maximum observed deflectioo to provide II factor of safety for the design. It also allows for a whole 

number of guardrail se<:tioll.!l in fronl of the hazard. 

An additional consideration for the application of the bullnose barrier to a narrow median 

hazard sitl,Jalion is the lateral clearance belween Ihe tangent segments of the bullnose barrier system 

and the race of the hazard. Previous testing conducted by n'1 on a tMe beam longiludilUll barrier 

system found a maximum dynamic dcfl/Xtion of 680 mm (21). Based on this data. the minimum 

recommended lateral clearance between the back Oflhe posts and the face ofthc hazard is 700 mm. 

The seeond major application for the bullnose median banier is Ihe proledion of the gap 

between Iwin bridges on divided highways. This application is more complex than the narrow 

median ha:-.ard application due \0 Ihe need to flare the guardrail away from Ihe bridge rail. Since Ihe 

width of the bullnose barrier system may be narrower than Ihe width of the median, long se<.:lions 

of Suardmi! may be required in order to move the face of the suardmil closer 10 the roadway edge. 

In many instances, the guardrail adjacent to thc roadway is within the driver's shy distance. In this 

case, flare mtt:li must be severely limited to avoid affecting vehicle lane placemenl as lraffie 

approaches the bridge. Further, although !"e<:cnt research indicates that higher flare rates are actually 

more COSt beneficial C,W, the Roodside Design Guide (2l) still reconunends vcry flare rates for high· 
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Figure 90. Typical Bullnose Installation for Protectioo of Median HazMds 



speed roadWl\Ys. even when the guardrail is outside of the driver's shy distance. 

The median area uso::d to separate divided highways is often 9 m or more wide. Therefore, 

this median width may 001 be easily protected by the 4.5-m wide version of the bullnose median 

barrier that was tested. In order to better accommodate targer widths, two wider bullnose barrier 

designs wen: developed, as shown in Figures H-I through H-3 o f Appendi:\: H and Figures I-I 

through 1-3 of Appendi:\: I. The two wider bullnose designs were created by laterally pushing out the 

sidcsofthe system and Ihen modifying the size o[lhe nose section. It is noted that the geometry and 

slot patterns of mil section oos. 2 and 3 remained unchanged. For the two new configurations, II 

5715-mm long and 7620-mm long section of thrie beam guardrail was bent to form the 2370-mm 

IlI1d 3160-mm radii. respoctively. A 3810-mm longsectionofguardrail was used forthe noseseclion 

of the system that was crash lested. While the size of the nOse section was incTCilSed, it was simply 

scaled upwards touccount for the longer section length and did not change in shape. The new widths 

for the widened bullnose designs are 5807 mm and 7283 mm. It is suggested that these widened 

systems be used for lIUlIchment to tWin bridges on a divided highway. The wider bullnose systems 

offn economy over the narrow, crash tested design as the pOlential exists for reduced lengths of 

flared guardrail between the bullnose barrier IlI1d the bridge rail and transition systems. 

No wider designs were developed at this time. The current designs are lIS wide as the bullnose 

can be ntru:le without modifying any rail sections other than the nose or using a nose section of 

guardrail thut is longer than 7620 nun. It is currently unknown how fu"her widening of the SYStem 

would effect the perfonnanee of the system. Modification of rail section no. 2 is not advisable due 

to the unforseen effects this would huve on the system. This curved section uids in the buckling of 

the guardrail and may require further testing if modified. Using an even longer section of guardrail 
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in the nose potentially presents other problems as well, with the most obvious being the issue of the 

added eantilever weight from the addi tional guardrail. It is also believed that lIS the bullnose system 

is widened the energy absorption of the system changes. The wider systems do not bend the guardrail 

through as severe an angle as a narrOw system, and the rail loading on the posts lIS the guardrail 

system deforms changes lIS well. These differences could be sign ificant if the bullnose is widened 

further than the alternatives described above. 

While the widened bullnose median barrier designs improve the adaptability of the system 

to appl ications across wide medians, an appropriate flare will li kely be required in most installations 

in order to meet existing bridge rails. The flare rates used for these installations should be obtained 

based on guidelines set forth in the AASHTO Roadside Design Guide. or othcr applicable resean:h. 

As mentioned above, crash tests of temporary concrete barriers have shown that the flare rates 

presented in the Roadside Design Guide appear to be very conservative. The use of slightly higher 

flan: rates can greatly reduce the length orthe bullnose system without creating a significantly higher 

impact angle on the flared sections. It is recommended that the flare begin no sooner than the start 

of rail section no. 3. It its believed that flari ng the guardrail prior to this first straight section could 

aversely IIffectthe performance of the barrier. While the shape of rail section no. 2 should not be 

changed, it should be allowable to straighten the end orthe section to meet the specified flare rate. 

Such a configuration would facililate a smooth transition from the curved guardrail to the flare. A 

schematic of the three bullnose designs appl ied to a IO· m wide median with twin bridges is shown 

in Figure 91. 

Another cons ideration in the twin bridge rail application of the bullnose median barrier is the 

Icngth of system required before the attachment of bridge or guardrail transitions. The results from 
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Protection of dual br;dges .eparat"" by a median 

Allo" oble tope' ongle ond I he corrupondjn~ Sr&tem I""'llh (15:1 tope' ollowoble) 
- Appl;col;"n af lo~r to ui&ti,,'l design (be<J"'"'n<,l at slod of s .. clio<> J a. shown) 

'0.0 '" 

L:::r::::::~ .. ... ======::~ 

........ Do ... No. ~ _ ""'" ..... ,.;.,. 

10,0 m 

_O" ......... l _ 71U"""'_ 

'0.0 m 

'i.O~ m 

Figure 91. Scllemalie of Double Bridge Rail Installat ion 
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test MBN-8 showed deformation ofthe tMe beam guardroil as far as the middle of roil section no. 

4. This was the fanhest distance from thc nose of the barricr that deformation of guardrail was 

observed in any of the bullnose tests. Due to the importance of guardrail deformation in the pro""r 

energy absorption and performance ofthc bullnose, it is believed that attachment of any transition 

prior to thc areas "'ere the thrie beam guardrail deformed in testing could prove detrimental to the 

behavior of the system. Therefore, it is recommended that any transitions used in conjunction with 

the bullnose median barrier should be placed nO closer than the end of mil section nO. 4 or I S.l7-m 

downstreum of post no. J. This should allow for Ihe ne<:essary defontUltion of the IMe beam 

guardrail prior 10 any transition attached to the system. 

The final application o[the bullnose barrier system is the protoction of gore areas. Similar 

design considerations exist for the gore area installations as deseribed in the two previous 

applications. The length of the barrier required prior to Q hazard or tTilnsition section should follow 

the guidelines for the double bridge rail and median hazard installations deseribed previously. Flare 

guidelines for gore area installations should be the same as those referenced for the twin bridge 

appJiwtion deseribed above. 
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APPENDIX A 

ACCELEROMETER DATA ANALYSIS TEST MBN-S 

Figure A·]. Graph of Longitudinal Deceleration - Filtered Duta, Test MBN-5 
Figun:: A-2 Graph ofLongilooinal Oceupant Impact Velocity - Filtered Data, Test MnN-S 
Figure A-J. Graph o r L<mgi tudinal ~upant Displacement - Fi ltered Data, Test MBN-S 
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ABSTRACT 

Tranllition from a Frontal Impact to a Redirection ImJ)a'ct 
on I New BulinOlle Guardrail System Design 

John D. Reid 
University of Nebra$ka-Lineoln 

Ullll~ guardrail 5)'51'"'n5 ..... used to pmle<:1 ... ehleles from ha,...td. in ..... median ofd, ... idcd 
h'Ah_,... The Mid .. -esI Ro.bide Safcc)' FIOC,I'I), ' le",""lI), desi",in. and leRina' ne .... bullnose 
~cm that will meet ",I.tiwl), Mw federal safety pe<f<>rTftllllCe spoeiroeation!l. Aft« developina. 
sy""m IhallllCeessfuLly h • ...:I1ed frontal impacu. aneruion was I""" fccu~ on Ihe redirection in,pacts 
requ ired of such s),stems. Similar 10 ... "hic le d""ign for frontal and ,ide impact, there are man)' 
d iff",re,,"s in the modelina • ...:I simulation requirements be ... ·"" flQlllal a.1(! red irw:lion impaclJ for 
bullnose sYSlems. Sec"er'll. OOrlllllic.ted rnoxklina problems were .ol"ed that onl)' became " ... idem 
... ...". conlacu beeame IInStabledurinalhe s;muillion!l. Thc problems ... e'" .... inl)' rel.ttd 10 modelina 
is.wes suo;h u OO\LI"K nleSh liU$. oontaa I"'nalcy fllCV)n.. con..,t thic~ cd,o-to-edgc 
pWetrations not beillg addrnJtd in the model •• nd unstable element fOfmul •• ions .fI« I.",iflalnl 
hour,lDssilli: IIIIIl bem indIKed. The re5lliling mo<kl e.n now be u~ 10 help re-desisn lhe bullnose 
")',,,:m to mc:et lhe redirc:<:lion ""IlIi",,,,e"15 of ..... h oyot"m •. 

INTRODUCTION 
OJ,,i<ko;I hiAh"""')" sqlIf1Iltd by • ..-liao arca an a .,.Iuable safny fell tu", in rTWXIem road .... y 

desill/l. 11o,,·cwr. man)' ro.-dWa)' II""" .. ," ..... built in lhe ..-lian suo;h a. !>ridac supports. drainage 
stnK:IUrcs. and large . ign lul'POfU. 1"hcsc st",,:tu," present h&zIItd~ IO ... ehic"" in lhemcdian. 1l1crc 
...... hree main .realments Ihal ha" .. been .. sed in I .... 1l'"Ut""liOfl againll median haurds luch as e","", 
cushiuo's. open 1I......:1 ... ils, • ...:1 dose<llluatdr'lli l en"elop.". ""lied bu ll nose S),Slem5. Bull"""" 5)'lle"," 
invol ve " ''''Pllinl lhe guard ... " oomplelel)' around lhe hazards (Ke F •• un: ]). 

In jl&SI yeat"I. ...... enl ~'''' l1udic$ .. ..,." undertaken to improve and ,.".alu.ue the I"I'rformanc:t 
of ( 10K<! auatd",il me<l .......... icn lU.l). Resulll rrom these projects h.ad ""'YingdegreoesofSlKXleM 
bul nooc ofthc designs studiN """" cu~t ,., fety standards IS specirttd in Ihe National COOpenItivc 
~I i&hwa)' Re:ocan:h ProgrtIm (NCI IRP) Report No. )~O. R""'Qmmend~d l'roc; .. dl4l'a ftw the $oftI)' 
Pt t:!OI'n,anu Evaluation aJ IUllh.my F~alui"t!s [il. Secven differenl c rash lI:~tlI an: roquiRld in onIc. 
fOf" bulloose auatdrail system 10 be approved 10 be inslalled 0fI our Fedcrall lighwl)'l . These le"1I 
fill under .hree eII'ego.-~ head-on impacts. rcdirtttion impacts. and ","'eoc direc1iOfl impacl.l. A 
",hematic ofthc tests is shown in Fia .. '" 2. Aillests ..... run at 100 kmIh. 

'" 
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In 1997. the Midwest Roadside S.fely ".:iIi!)' (MwkSf) hegl.n a proj"". l(l develop a ....,'" 
bull......,systenl 1haI .. ..,..klmed NCIIRP]SO rcquirtrMnu. Thil pro,i«1 illpOllsotro by the Mid ... -cst 
Pooled Fund States and b)' tile Fe<kl'llllll&hway AdminiW1llion (FHWA). 

TlwI first phascof the project _ml'lllcd on the llead.on ;mpacloondilionl involvin&lwo 'eMS 
wilh a 2000.kg pickup tnKk and OM teSI wi,lI a 820-1<& small ~at. In onlet 10 p.:.s these III .... t$5. 
IWO major design ~b,,"ges were "'"Iui,cd du~ 10 lwo fail~d crull 11: .. 1. TllrotJW>oui tIIi, eff"". 
oon l inca •• finil" "lem""I,in,uialion played. key roll in idenl ifyin&lhe cauX off.il" ... Alld predicling 
Ihe lU«u'ful.....oc,ign . ReJUll.'I from hoIh .in",lalion and phys~ 1 'Ulinll or'he hud-on Impacl ",ilh 
the 2000·kgl ..... k are shown in Figurt l . NOIe Ih .. the ,imulation ...... , completed p.io. to th .. phys;cal 
IU'. Detai., of lhe fim pl.."" "·"re documented by Reid and Aiel.mlle." L1J 

Rmc:an:~ ... ·"re til"" pouenlcd ",ith allCW ch,llenge when . he IlCwly designed boJl lnose s)'Slem 
r.iled the 100 kmIh rcdi=lion \e$I wjlh a 2000.k& pk.kup. The bulln-ose f.iled 10 rontain Iho: pick"p 
and in'itCad rolled booc.k IU1d formed a rampnusing the tnKk to .... ul. into lhe .ir.nd over lhe s)'Slem 
("~ figu.rc 4). To detcnninc the ca,noe of lhe failed lest. ~bers .pin IUIm'II 10 .imulalion. 
UnfOt'\o ... tely 1M: UtlMilion from .imul.ting thc head-on impact 10 lite Il'di=tioll in,pac:' rr:quircd an 
L>:lCru;,'e modeling effon. Not only did .he model "'"lui ... rnaj ..... modiflCalion$. • "". icl of conUICI 
lrouble, tlclaye<! the pro~ i\II'o'~ ... 1 mondy. 

The bullnose project il slill ".Kkr develop",,,nt at lhe MwRSf. This paper documcnu thc 
1 ... lIsilion froon t_ing and simuiatinll tlte head-on impact cond ition to Ihe Icsting and , im"lalion o f 
lhe ",direction impDCi coodilion fcquirN'o ",,,,,I NCIIRI' JSO lpecifications. The .01\ .... ..., used for 
this en-I)(! WIIS LS·DVN A.. dev~ l opcd b)' Livermore Sot\ware T""hrlOloll,)' COfpurali<>n [£. 
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BARRIER OESIGN 
The front ponlon of the bullnose J~"," i~.'iOOwn in Figures S a"d 6. The IIOK KCtion wu 

forrned using ona I ,SIIO·"'I11 ",di u, "uNcd KCtion of 12-p"lIe steel thrio beam with one 10.400·",,,, 
... dius C .. Ned II«tion .na.:hcd '0 """h " nd oflhe center section. Ouring. vchic le Mad-on impact with 
a bull"""", du. rai I ckmlcnt is (orced to bend Ihrouah an angle o r I &0 de~ '"' the vchicle progresIi<!S 

into !he ')'Itcm, ,...., bending oIrenglh ort_ Ihrie beams;' relati.'e ly high and ... ·ould ~ul! in hiah 
~ehicle d«c:lcnllions. Additiorwolly. previoul ~Kan:h had shown a tendcllC)' (or alatF vchicle or 
1"",10: to over ri6c bull_ Iype IYtlems and for a,.,..,. l ..... to u, ... ride """h a ~y"""m (l). T(I 
addras lhex C<'lOK>CmI. ,1015 ""ere ~UI in thc.-.lleyso(!he ... i1. The liouaccomplioh t_!Uk,. first. 
they allow lhe (n'II.t peaks lowrap around. vchicle toCllplU~ il and prevent OVer r>dcand .. nder ride. 
Sc<:ond. t""y .. ellken the rail to ullow for IIl"'"r forcc bending levdl. 

The 5y~l c'" wu sym~ric with elcven POSIJ pu!litionl!d on ~h $ide , The fi rst two POSI$OII each 
side ofl lle 1)" lem .... el1l 5Ismlsrd BCT (Br""kR ..... )' C.b le '( eml in.' ) poIu..,t in found.lion I Ubc~ ... ·ill, 
..,i l plates. The IhiN poil on each sideoflhcl),slCm was a OCT post sel in. foundat ion tube withoul 
a bearinl plate. The fourth and fifth pMt$ on cao; h side of the barrier WC'R: C RT (ColllroHcd Relea.iMIl 
T ....... inal) pogl. The rcn\Itining postsofthe bullnose boo.,.;", w,,", 5I~rd 200-mm deep by I SO-mm 
wide by 111O-mm long wood p:tSU ~ I90S-mm ap.1rt. Wilh Ihe u~cption of post I ..... 'cod 
blockout "" ,", used to 5pace the rail .... ..,. from the ~ A CIIblc anchor l)'$Iem w'"' uKIII ba...-.:en 
the fi .. 1 and KCOnd post$ on c.ooch sidc of the 5),51(m 10 develop the tensile Slrcnjlth of the thrie beam 
Suardrail do ... ·n.'IIl'Cam of posl 1>0. 2. 

MO OEL.ING 
l1Ic bun"""" i. composed of man)' romponents, ind..diMS wood posts. cable ..... hor brac:kcl 

HSembI),. guatdnlll, IfOUnd strut. fOt.Uldlllion IU,," and "ariow; brac:kcts and .l\ac:hmenl bolts. Reid 
.nd Biclcnbc"des;cribcd 1M .imulalion modd for lhe fronull ;rnl*1l1ttrt.llr1o prev ....... ly in LU (I« 
Fi811R 5), Thtcc lmponanl modelin! f ...... res noIN wc,.., the """'" ,ile of!he rail. the f.i1un: ,ritc:ri. 
of the rail and the mo<k!ling of Ihe breab ..... )! wood posu. 

The n:dim:lion model of 1M bullnose is d~piclcd in Figu,.., 6. M""y ,nodi fic.tions to the fronllli 
model .... ..,'" toq llircd in order to effee li.,..ly , imul.te the n:dircelion ;",,,,,,,1. The fo llowing list 
.< .. """ari:t.c$ the mll,jor changes. 

8ull" OK /'t' odtl C ..... " l ft 
• Add .he cahle IInChor assemhly. 
• R~ t"etythinl beyond poIt 2 on the left side (impact;' on riglll filM-). 

Update 5101 penem to be more a.:curate . 
• Add CRT poru and lOll tprinp (or post, 4 and S. 

Add CRT post pans 10 the. contact interior dc:linilion. ... hic h prc .... ntN 1Ie"live volurnn. 
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• [j,;tcrwJ defOOl1llble l'lIil to Ippro><imatcly post 7 location (pR!viou,ly e><tcnsOon was to post S 
location). 

• Replau fix boundary condition on end Qflllil Qn impac1 lKH: with a discrete $pring tQ s imullte 
11111 flexibility. 
Add shell clcments to rover Ihe ... ,1 sk:>ll<."j;C n,,11 material . 

• Add CQnWI ..,., .. ""')' ro the model. objective '~51 Upd.les and ,nvarient node n .. ",berinll for 
WII elemml$. 

Tnck Model C~."¥C5 
111e FIIWA had pR!viou. ly oom""'ted model devclopment of I C2,OO pickUp truck 10 [lie 

Nltionll C ... !Ih Analy.is Cenler (NCAC) [1]. The NCAC oubscqucnlly developed. Iruck model with 
approximately 10.000 dcmmts for frontal impact --.-105. Version 7 of the NCAC n:duct>d truck 
modd was do ... n~ from the NCAC ..... b site and was modified for thi, S/IId)'. When CQnve<1inll 
fl'OlTl the fronl.l.l impact scenario to the redireclion impact. the follQwing chanllCl " 'cre m..:k ro lhe 
I ruc k n'IQ(\e l. 

• Truck ,",'IS reflOlitiOMd for. 20degree impact.1 die crit ieal impaclloc.lion ( ... hich " '1lS half-.... y 
bet ... een posts I .nd 2). l11i, .bo required an update of thc dimction for I .... inilial vclot:ily 
""",i fi"al ion . 
A new pan ..... added to fill in lhe lighl·holu on Ihe radiator-lic: bar to imp<Ovecontacts. 
Refine the m"sh o f the left front tire. bumper. radiator-lic bar .'ld left front mounting bnlckct. 
by spliuing the clements (I clement into 4 clements) to improve contacts. 

• Doublyrefine themcsh of the left fronl fender and ... heel well by splitting the clements t ... ice (I 
clemenl into 16 c\cmems) ro imp<Ovc CQntacIS. 
Switch elcmmt formulation for the left fronl lire, left fronl fender and radi.tor-lic: bar to a fully 
integrtlted scheme (I)'pe: 16) to pt'tvenl hourlllissing. 

• Sliffen Ihe li.e 10 prevent excessive, unrealistic deformatil)llii. 

IIO DEUNG C HALLE NGES 
'The tlllnsition from the froo .. 1 impact to what is believed. re115Of\ablc redireclion simulalion 

"", .. ired a total o r 24 "'pantle limulntion runs. (ItCh ",n making on", or m<IIl' nlodirH;f.tions to the 
modd. 111i!l _tion describt:$thrcc of the problem, "'floOOUnlercoJ and the implemented IQlutionl . 

The majority of ..... challenlle$ ,,'ere related to contacts. NO( In the CQntaCts ilicm:;el.'es, there 
were no insw>cel ... here anYOOntact algorithms wCre found to be in em:.>I'. n... problems were mainly 
reluted to;> n'lQ(\eling i_ such as course mesh sictes, contacl penilly faclon. CQntacl Ihicknesses, 
edge-to-edgc penetrations 001 beinlladdressed in the model, and unSlJlblc clement formulation. Ifter 
significant hourillassing had b«n induced. Mmny different coniKli and contact patlmetcn were " ied 
throu~t the Study. lJy monitorinll contact fOf1:u wilh forec tranlduccn., il wi' possible 10 grtISP 
• better undcntandin,oflhe I~em behavior and eome up with various fi .. cs for the model. 

C.ble Anehor 10 I'osl Conlac l 
Figure 7 demQllstntIC5 the problem and fix . The cable ."chor assembly is used to provided 

[""sion anchonl~ for the guard,..il du.ing redirection. Qn.c end ofa cable isatlaChcd 10 the .... il. the 
other end is atla<:hed 10 btackct II the base of posl one. The tension force in the cable durin, an 
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im~. <;an ~h UOIlnd 180 kN (40 kips). Thil ron;e is lnII$mirted to.he grwnd Ihmugh the bnd:eI 
and posI N.K. During s.imulalion lhe5e ron:aaouscd ucessi..., defonnalions in the wood post and 
led .oan un~1e mull. 8)' d«reuinl the contact 5C&1e factor, the conlACl fon:a were $l.Ibilized and 
Tile problem WM filled . 

RadlJo.o,.. Tie Bar hte....,.io. wl.h C" ..... ,... il 
After 145 ms or simulalion limo, thlo radiator· tie bar on lhe truck began eontaCt wilh .he guardnlil. 

Due \0 the course mesh Ind shipe oflhe raIl·. ie bar, a snag developed between Iho IWO parts and 
ca ... ~ the ..,Iution 10 8" unst.ble ( ..... I'igun: I). Thi. could probtobl)' be attribuled 10 an c:dge·tc-edgc 
~n<:I('Ilion. Inslead o{invesligatina ".rious eontacl changes, il wq de<:idc:d 10 make .. _ uniform 
cornacl ... ,f..,.. belween lhe pam. Changcs\O\he lruck model included fillinl in the hoolesofthe ..... 
lie bar • ..,fining the mesh o{the lie bar and movinl JOme oflhe nodes of lhe lie t.r 10 smooth its 
surf ...... Sin.ulJolion resulu ......... "Cd lha. lhe5echanses stabilized lhe eonlAC" in this...,1 o{the model. 

1t000IIi"& n.., NodM T .. .... " . .. Ihe It.II Siol 
Slots..., CuI in the "lllc)'l of the a~il in onicr \0 ,,-...ken lhe ('Iii for lhe frontal impaoct, 

allowing iliO wrap IlIOUnd .. vehicle wilhout exces,i..., fon:a. (II i'" ron;" would ..,.u lt inexcessi..., 
<kcclenllions on the pUKngUI.) lJ.ec.ouse a Ihrie-beam .. il is used. Ihese 510ts do no! signiTIC&J1.1y 
reduce lhe I""sile capacily o(the .. il. l)urinll "mul.llon, ho"'e"e" lhese slots provide &I. openinll in 
the rail for ponions of the vehicle \0 wedge through.nd ","use eontact . roubles, An eumple of 'his 
i~ !ihown in I'iau"" 9_ ASI"" II ... o f lh .. lruck hilS ."" rail • ponion ofthe lin: IOC's throu&h one ohlou 
(marked by the arrow ill Fill"'" 9). In th i.cue, Ihe!lOde penetf1lted fR' enough through lhe ~Iot lha. 
il got Inlpped on Ihe Olher side of .he nlil '" the lin: c:onlinoed 10 fOUIte , I'or lboul 10 ms the tire 
happily fOUIted and moved forwlrd llooa the rail wilh the node being trappotl on lhe wrong side. 
Shortly ~Rfter Ihec:ontlt"l br:carne unstable CRusing the lin: toe:o:periencc shootina nodeJ. 

PhysiclUy, I re.alli ... could nIX cx~ricnce Ihis !)'pc of beha~ior. Inslettd • • poo1ion of I"" lin: 
lread .. uukl be simllly cui olTby the t'd&e of the rail 510(. The details 10 tnOdcl thhi p/lenolMlIIo would 
be e1«'ea"'" for this projecl. Th .... a ~r was placed ""cr lhe slots 10 provide a c:ontact ...... to 
prc~enl ""'h behoovior. This was IIOCOItIplishod wilh. single row orwll demell" us'nl the null 
material. Slotco~ers pro~cd lobean effecli~e method {or~entir18 vchicleplrt. from inlerlock;n. 
with lhe rail u"' .... IiSlicoolly Ihrough the slots. 
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fl&,,~ 1. Cable AII~ bor · 1· ... 1 CO Bh,e! 
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f ix: Add • sing]," row of nu ll.,hcll. to cov"'" slots. provide contact aru. 

Figure 9 . TI .... Tlorough lUiLS'oI 
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REDIRECTION SIMULATION 
Alk r a series ormodeling adjuSlnlCnu, IIIe failed redil'\l(;lion lest was reasonably simulaled (see 

Figure 4). 1lMo simull ' ion Willi ended II 278 ms due 10...otllCt instabilily in lhe solulion. H~~er. 

becluse me failure phenomenon ".-as c learly caplW"C(I f\Jnhcr simulation was deemed noncsKIItill. 
Resuh. $howed JI05ls 2 and ) breakina eJlrly in tile event, allowing me rail \0 roll bKk .rod form a 
ramp. whi<":h ... ults me ~ehi<":le "P and o~cr the system. 

The fillli l imulalion look 120 houn ul ing 2 prooessorson In R 10000 SGI Octaroc WO<k5tllion. 
llIc tnQdeJ "'"as cQmpoK<i of approx.im.uely 75,000 JheIL 1,000 solid and 45O '-on clementi. 
ROtlghly 95% of tllese clcm<:n'" were deformable . 

CONCL.USIONS 

• Frontal impacts and redi"",lion impacts ofbullnosc: guardrai l syslcms arc significantly d iffe~1H 

and CKh ..:quire unique atlenlion, limi lar 10 frontal and , ide: impacl dc$ill" <.>f a vehicle. 

• Whit are lQmC\in,es rere~ 10 IllI Mcon\aO:l Iroublcs.H arc often l igns of dc1ailc:d tnQdeling 
..:quirements. Areas wilen: more mode ling details mi!!hl be requ ired manifU I IhcmselvCJ as 
unstable conta<;ls during simul.l lon . 

An LS-DYNA model or . bullnose 5~am Ihat r.irly aceu"'tel), simulatcs a r. iled redirecli..", 
crash last wu dcvt:~_ 

The buliOOliC projc<:1 is !-lilt under de\lcloprnC"nl and is lell r..". fullU"C work. n.e nlOdel described 
in thi l l"'JM:r will be used 10 evalualc possib le design allemalivc •. 
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APPF.NDlX E 

ACCELEROMETER DATA ANAL VSlS TEST MBN-8 

Figure E-\. Omph of Longitudinal Deceleration - Filtered Data, Test MBN-S 
Figure E-2. Graph of Longitudinal Occupant Impact Velocity - Filtered Data, Test MBN-S 
Figure E-3. Graph of Longitudinal Occupant Displacement - Fi ltered Data.. Test MIlN-8 
Figure E-4. Gmph ofLatcral Decelerat ion - Filtered Data. Test MBN-S 
Figure E-5. Graph of Lateral Occupant Impact Velocity - Filtered Data. Test MBN-S 
figure E-6. Graph of Lateral Occupant Displacement - Filtered Data. Test MBN-8 
Figure E-7. Rate Transducer Data, Test MIlN-8 
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W7: Longlrudl1181 Oec:elenlllon • Rhand Oa!a. Test MBH-1 (EDR-<1) I 
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Fi~ E-1. Graph of longitudinal Deceleration· Filtered Data, T~ MBN-8 



W8: Longitudinal Occupant Impact Velocity- Filtered Data· Test MBN-8 (EOR-4) 
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Figure E-2. Graph of Longitudinal Occupant Impact Velocity - Filtered Data, Test MBN-8 



W9: Longltucllnal OeeuJ>IInt 01$placement. Filtered Data· Test MBN~ (EDR-4) 
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Figure E-3. Graph of Longitudinal Occupant Displacement - Filtered Data, Test MBN-8 
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f igure E-4. Graph of Laterall)e(;eleration- Filtered Data, Test MBN-8 



W8: Uti I'll I Occupant Impact Velocity · A lt.ered Data· Test MBN-8 (EDR-4) 
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Figure E-5. Graph of Lateral Occupant Impact Velocity- Filtered Data, Test MBN-8 
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, W9: Lateral Occupant Olsplac.ment • Flltttred Om • Test MBN-8 IEDR-4) 
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Figure E-6. Graph of lateral Occupant Displacement- Filtered Data, Test MBN-8 
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Figure E-7. Rate Transducer Data, Test MBN-8 



Arrf.NDIX F 

ACCELEKOM.ETEK DATA ANALYSTS TEST MON-9 

Figure F- L Graph o(Long.itudinal Deceleration - Filtered Data, Test MUN·9 
Fieure F-l. Graph of Longitudinal Occupant Impact Velocity· Fi ltered Data, T""t MBN-9 
" igUR: F·3. Groph of Longitudinal Occupant Displacement - Filtered Data, Test MBN·9 
Figun: F-4. Graph of Lateral Deceleration· Filtered Data, Test MUN·9 
Figure F-.5. Graph ofL.ateraJ Occupan\lmpac\ Velocity - Filtered Oatil. Tes\ MBN·9 
Pigure F·6 . Graph of l..ateml Oceupant Displacement · Filtered Data, Test MUN·9 
Pi~ure P·7. Rate Transducer Data, Test MUN.9 
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W7: Lon;ltudlnal o.c.leraUon • Flllerad Om· Test MS.N.S (EOR-4} 
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Figlft F-1. Graph of Longitudinal Deceleration· filleml Data, Test MBN-9 



W8: Longitudinal Occupant Impact Velocity. Filtered Data. Tes1 MBN-9 (EOR-4) 
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Figure F-2. Graph of Longitudinal Occupant Impact Velocity- Filtered Data, Test MBN-9 



WI: LOflgftucf""'J Occnpnl Olsplac.menl· Fller.cl Data. Test MBII-9 (EDR~} 
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