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I INTRODUCT ION 

The use ofthe divided highway separated by a median area has been it valuable safety feature 

illlllooern roadway design. The median allows it safe recovery area for errant vehicles to come to 

rest without impeding upon oncoming traffic . It is possible. however. th~t the mcdi~n is not always 

II s.1 fe 7.one for "chicle recovery. Many roadway structures are built in the median such as bridge 

suppons. drainage structures. and large sign supports. These structures present hazards to "chicles 

in the median. 

The threc main treatmcms that have bt."i:n used in the prote\;tion against ml-di~n hm~~rds are 

erash cushions, open guardrails. ilnd closed guardrai l envelopes. Bridge piers are oftell treMed by 

surrounding them with rigid barriers and placing crash cushions on each end. ThisaltemMive is very 

shon and thcrctore reduces the n\lmberofrun--off~rood accidents to a minimum. Unforlllnatcly. this 

type of treatment is vcry costly and therefore is hard 10 juslify for most median Sitllal ions. Another 

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

guardrail upstream from thc hamrds. Although lhis alternative is less expensive than crash cushion 

designs, the long runs ofgu.lrdrail generate many gU<lrdrail relilled accidents. ilnd when USl-d '" 

narrow medians. the backside of the guardr~ils can b<..-.;ome a major hu.ard . EncloSl..-d guardrail 

tn,"dopes, cOllllllonly called bulioosc systems. involve wrapping the guardrail completely around 

the h37;nds. These designs are smaller and therefore generate fewer guardrail accidents. Further, 

bullnose desil,\lIs are generally the least costly alternatives. Unfortunately. bullnose guardrail des igns 

have Jlever met current safcty standards. This report describes an eITon to develop a new bullnose 

guardrail design that will mcct modem safcty standards. 

I 



The objt"C!i"e of this research projt"C! was !O cOnlioue developmen! and evaluotiou of a 

bullnose guardrail system !hm 111Ci:!S !he Tes! Level 3 (TL-3) safety performance criteria provided 

in Na!ional Cooperative Highway Research I'rogmm (NCHRP) Rcpon No. 350, Recommel1ded 

"roco:""re,\ji}r Iho: Slife/y I'erjim"'mco: Emllll}litm "fHigh"ny Fea/ure.\- (1)- Phase I of the design 

process, which is covcred in II previous report W, includtxl two full-scall' crash !es!s which pro\'idl-d 

infonnation for redesign and compnter simulation of the bullnose halTier system. The bullnose 

bamer dcvclop:..xl as a result of!he Phase I dcvelopmen! is shown in Figurc I. Thc im!ial design 

concept was sUbjee!ed !o two full_scale crash tests. !es!s MIlN.I and MIlN·2_ Test MIlN·1 was a 

head-on impaCI involvinga 2000·kgpiekuplruck, while !CS! MIlN.2 wasaOllc-quarteroffsel_ head· 

on Impae! using an 820-kg small car. The rcsullsof!hose !es!s arc shown in Table I. Although only 

one of !he two !es!s was successfuL these tes!s demonstrated thm !he bullnose harrier eoneep! had 

po!en!ial but fC<1uircd further development to mee! the impact safety standards. 

Pha8c II "f!he bullnose barrier system design eonsis!ed of!he continued devclopmen! and 

testing orthe bullnose barrier to meet the NO I RP Report No. 350 requirements for test 3·31. a head· 

on impact ofa 2000-kg pickup !ruek. Two full-scale tests were perfonlled fora head-on intpact with 

the bullnose at a large! speed and angle of \00 km!h and 0 degrees. respec!ively. The lest resul!s 

were analyzed. clocl.UllelHed. and evaluated. Conclusions and recommendations were then made with 

regards tu the s..tfety perfonnan~e of the bullnose barrier terminal. Computer simulation of the testing 

using LS-DYNA W11S Slleeessfully uSt.-d !o :maIYI.c and predict the perfonllance of !he bullnose 

de~ign. The following SC<!tions of this report document the development, computer simulation 

modeling, testing, and evalu3!ion of!he bullnose balTier terminal concept. 
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Tnblc I. Summary of Snfety Pcrfonnancc 1;.\ nlunuon for Tests l\ffi, -I and MBN-:! (Phase I) 

E'aluauon haluauon Criteria Test Test 
Factors \ IB\l-1 1\IBN-::! 

Stmctuml c. Acceptable tL'l>t an tel.: pcrfonnance ma) be b~ nxhrect ion. controlled [., s 
Adequ!lc\ (ll:netration. or controlled stopping of the vehicle. 

D. Detached clement~. frnl!rnents or other debris from the tc-.t article s s 
should not pcnctmte or sho" potential for penetrnting the occupant 
cornpanmcm or pr~-..:nt an undu<! hazard 10 other traffic. 
pede,tnans. or personnel in a \\Ork zone. Deformations of. or 
intrustons mto. the occupanl companment that could cause seriOUs 
inturics should not be (ll:nniucd 

O.:cupant 
F lhc \ d111Jc ,houh.l remam upnght during and after colh>1on although ., ., 

Ra.l. modernte roll. Pilch mil. and ya\\ in !I. are acceDlllble. 

II. Occupant impact' elocities should satisfy the folio" ing: s s 
Occupuntlmp"cl Velocity Limits (m/s) 

ComiJQn e rJ! Preferred Ma.ximum 
Longitudinnl nnd 9 12 
Lateral 

I. Occupanc ride down accelerations should satisfy the foll o"ing: s s 
Occupant Ride !lO\\n Accclemtion Limits (G's) 

~2ffii!2D~DI Preferred Ma.ximum 
Longitudinal and 15 20 
Lateral 

K After colli~ton it is preferable that the 'ebicle"s trajectory not intrude into s 
Vehrcle adjacent traffic lanes. 

Tn!JCCIOI) 
N. Vehicle traJectory behind the tCSl article is acceptable. u s 

S • (Snusfnctory) 
U • (Unsatisfactory) 

mholton
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2 HAIUU [R IH:.sIG N 

2.1 l' hilSI! II Bll r rirr Bes ign 

The design layout for test MBN-3 ""TIS only altered slightly from the final design dcveloped 

til Phase I. The first change was 10 swileh from the ISO_mm wide by 200-mtn deep by 5S4-mm long 

thrie blockools u.\Oed in the original design to shorter ISO-mill wide by 200-mm deep by )60.mm 

long blockollts on all posts nccpt post nO. L The second change in the design was the use of 

foundation lubes in the embedment of POSI 00. 3 on each side of the barrier. Finally. post 00. 5 was 

changcd to a Cahlc Release Tcrminal (CRT) (1) post inSlead ofa standard wooden post. This led to 

aecclcrdlcd postli-actureand the decreased potential for high loads being imparled to the thrie beam 

raiL High rail Stresses Were reduced in conjunction wilh a more gradll3l dissipation of the "ehicle's 

kinetic energy. A more detailed discussion of the entire bullnose barrier is presented below. 

2.2 N" .,e Sect inn Besign 

After reviewing Ihe Pookd Fund memhcr slates' bullnnse standards. a 4,500'l11ln design was 

selected for usc in the current study. The shape of the nose section was chosen after analysis of prior 

bullnose (±l) and shorl rndius guardrail designs (.8.:11). The nose section was form~-d using olle 

1.580·mm radius curved section of guardrail with one 10.400-111111 rndios curved se~tion attached to 

each end of the nose section. The overall shape was chosen osing simple curves to simplify the 

design and fabrication of the mil. The curve mdii were siud based on case of fabrication as well as 

10 maintain the design width of the system. 

The fronl -end s/"'Ction of the bullnose barrier was designed without a post at the center! inc 

of the nose. since the end post tends 10 rotate b.1ck after impact. thus creating a potential for vaultins 

ufthe vehicle to vault Ol"erthe mil . It wasdetcrmin~-d thm a nose ~tion without the centerline post 

, 



would have sufficient structural strength to maintain the shape of the rail while not causing the 

vaulting hazard. 

2.3 Barrier Design Details 

The complete layout of the bullnose barrier system used for the test MBN-3 is shown in 

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

construction. The bullnose barrier was 4,500-mm wide by 20,144-mm long. The system was 

constructed with twenty-two wood posts with eleven posts positioned on each side of the system. 

The first two posts on each side of the system were 140-mrn wide by 190.5-mrn deep Breakaway 

Cable Terminal (BCT) CD posts set in Sequential Kinking Terminal (SKT) (14) foundation tubes 

with soil plates and groundline chaunel strut. Post no. 1 on each side of the barrier used no blackout 

while post no. 2 on each side used a 150-mrn wide by 200-mrn deep by 360-mm long thrie blackout. 

Post no. 3 on each side of the system was'a BCT post set in a SKT foundation tube without a bearing 

plate. Post nos. 4 and 5 on each side of the barrier were CRT posts. The next four posts along both 

sides ofthe bullnose barrier were standard 150-mm wide by 200-mm deep by 1 ,980-mm long wood 

posts spaced 1 ,905-mrn apart, as shown in Figure 2. Each of these posts uses a 150-mm wide by 200-

mrn deep by 360-mm long thrie blackout to space the rail away from the post. The top mounting 

height of the rail was 804 mm, as measured from the ground surface. Post nos. 3 through 9 had a soil 

embedment depth of 1,153 mm. The last two posts on each side of the bullnose barrier were 140-mrn 

wide by 190.5-mm deep BCT posts set in foundation tubes without soil plates but with a groundline 

channel strut. 

A modified ground strut, shown in Figure 3, between post nos. 1 and 2 on each side of the 

system, was designed to compensate for the curve of the nose section. The ground strut was altered 

by angling the upstream yoke of the strut 12.2 degrees. 
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Bull-Nose 350 Test Layout 
MBN-3 Test 
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Figure 2 Bullnose Barrier Design Layout 
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A cahlc anchor systcm wa.~ used hetwecn post oos. I nnd 2 on each side of the system to 

dcvelop thc tensile strcngth of the thrie heam guardrail dOl'ollstreal11 of the POSt no. 2. A reverse 

cable anchor .~y~tcm "''as used hetwcen post nos. 11 and 12 to replicate the mil strength of an aclua l 

install<llion. This setup was ,,-'<Cd for testing purposes only in order to simulate the effL"<:ls of a 

complete bullnose barrier system with both halvcs connected. 

All gunrdmiluscd in the bullnose barrier consisted of 12_gaoge stL...,1 thrie heam. Eleven 

3.810-mm long sections of thTie beam were spliced together with a standard lap splice on each 

interior end. The lirst three mil sections were cot with slots in the valleys. The nose section of the 

mil consisted of a 3.81 O_ml11 long section hem into a 1.580-111111 radius. as shown in Figure 4. The 

nose section bends were prefabriealed wi lh the these radii . The nose section was cut with slots in Ihe 

valleys 10 aid in vehicle capture. as shown in Figore 5. There wCrC six main 700-nll11 slots ecmered 

aboot Ihe midspan of the rail. three in each valley. Each of the ma in slols is divided by two equally 

spaced 2S-111I11 tabs and separatcd by a 2S-mm gap on each end. Eight additional smaller 2JO-ml11 

long slots. four on each end orthc mil section. were also cut wilh a SO-111m gap between thcm. All 

slots were 2S-mm wide. Thc second rJil SI."'Clion on each sidc w;u; bent to fonn a 1 OAOO-tlll11 md ius 

curve, ~s shown in Figure 4. These sections were cut with a different pattern of slots, as shown in 

Figure 6. Thcn: wcn: nine 290-tllm long slots in each valiey. A 1 OO-mm gap separated each slot. Thc 

5101 pattern for the third rail ~eetioll on each side consistoo of two sets of six 300-tllm long slots 

ccntcrI:d bctw<."{."11 po~t slots. (ls~hown in Figure 7. The slots wcre sepnrnted by 250·m01 gups. which 

provid~-d three ~lots per valley hctlwen posts. Photographs of the assembled b.1rricr are shown in 

Figurl.'S 8 through 9. 
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Top View, Roil #1 ~End 
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Figure 4. Layout of Bullnose Rails No. 1 and 2 
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Figure 8. Bullnose Barrier Design 
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Figure 9. Bullnose Barrier Design 
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3 l' ERFORMANC lc EVALUATION C RITE RIA 

3.1 Tcst I~cqllircntcnts 

Termi nals and crash cllshions. such as bullnose barriers. must satisfy the requirements 

provided in NCI-I RP Report No. 350 (1) in order to be accepted for use on new construction projects 

or as a replacement for existing barriers not meeting current safety standards. The bu llnose balTicr 

is defined as a gated barrier and must rul nl! the requi rements for gated barriers. A gating device is 

OIlC des igned to allow controlled penetration of the vehicle when impacted between the beg inni ng 

and the end of the length of need. According to NCHRP Report No. 350, term ina ls and crash 

clishions must be subjected to seven full-scale vehicle crash teSIS, four using a 2000-kg pickup truc k 

and three lIs ing an 820-kg small car. The required 2000-kg pickup truck crash tests are; ( I) Test 3-

31, a 100 km/h impact al a nominal angle of 0 degrees on the tip of the barrier nose; (2) Test 3-33, 

a 100 km/h impact al a nominal angle of' 15 degrees on the tip o f the barri er nose: (3) Test 3-35. a 

100 km/h impact at a nominal angle or20 degrees on the beginning of the I.ength-of-Need (I.ON); 

and (4) Test 3-39. a 100 km/ b impact at a nominal ang le of 20 degrees on a po int at the length oftbe 

terminal divided by two. The required 820-kg small car crash test') are: ( I) Test 3-30, a 100 km/h 

impact at a nominal angle of 0 degrees on the tip of the barrier nose with a 114 point offset: (2) Test 

3-32, a 100 km/h impact at a nomina l angle of 15 degrees on the tip of the barrier nose; (3) Test 3 -

34. a 100 km/h impact at a nominal angle of 15 degrees on the Criti cal Impact Po int (CIP). A 

d iagram showing the impact location for the seven crash tests is shown in Figure 10. 

Two full-scale crash tests or lest designation nO. ] -] I were conducted fo r this report. T hese 

tests were run in order to improve the ori ginal bullnose design to safely contain the head-on pickup 

trllck impact. The results from these two tests would be used to obta in illfo rmation for ca li brating 
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Figure JO Proposed Full Scale Crash Tests for Butlnose Barrier E\laluation 



cornputer models. eva luating the feas ib il it y of the des ign concept for the other req uired impact 

conditions. and obtain ing inrormalion for ruture design modifications and improvements. 

3.2 EvalU<lt'ion Criteria 

Evaluation criteria fo r fu ll-scale vehicle crash test ing are based on three appraisal areas: ( I ) 

structural adequacy: (2) occupant risk; and (3) vehicle trajectory after co lli s ion. Cri teri a for structural 

adequ(lcy are intended to eva luate the abil ity or tile barrier to con tai n. redi rect. or allow controlled 

vehicle penetration in a predictable manner. Occupant ri sk e va luates the degree o f ha7..ard to 

occupants in the impacting vehicle. Ve hicle trajectory aHer co lli s ion is a measure of the potential 

for the post-impact trajectory of the vehicle 10 cause subsequent multi -vehicle accidents, thereby 

subjecting occupants of other vehicles to ;:In undue hazard or to subject the occupants of the 

impacti ng vehicle to secondary collis ions with other fi xed objects. These three evaluation criteri a 

arc de fined in Tab le 2. The full -scale vehi cle crash teslS were conducled and reported in accordance 

with the procedures provided in NCHRP Report No. 350. 
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Table 2. NCHRP Report 350 Evaluation Cri teria for 2000P Pickup Truck Cfcst 3-31) 

Structural C. Acceptable test article performance may be by redirect ion, controlled 
Adequacy penetration, or cOlllroUed stopping of tbe vehicle. 

D. Detached elements. fragments or other debris from the tcst 
arti cle should not penetrate or show potential for penetrating 
the occupant compartment, or present an undue hazard to other 
traffic. pedestrians. or personnel in a work wne. Deformations 
of. or intrusions into. the occupant compartment that could 
cause serious injuries should not be permitted. 

Occupant F. The vehicle should remain upright during and after collis ion although 
Risk moderate roll pi tching, and yawing are acceptable. 

H. Occupant impac t ve locities should satisfy the fo llowing: 
OCCUI),lIlt Imp~lcl Velocity Limits (m/s) 

Coml2onen t Preferred Maximum 
Longi tudinal and 9 12 
Lateral 
Longitudinal 

, 
5 J 

I. Occupant ride down accelerations should sati sfy the following: 
OccuP:H1t Ride down Acceler:ltion Limits (G's) 

COJ11QQl1cnt Preferred Maximum 
Longi tud inal and 15 20 
Lateral 

K. Alier collision it is preferable that the vehicle's trajectory not intrude 
Vehicle into adjacent traffic lanes. 

Trajectory 
N. Vehic le trajectOry behind the test article is accept<lble. 
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4 TEST CONDITIONS 

4.1 Test Facility 

The testing facility is located at the Li nco ln Air-Park on the NW end or the Linco ln 

Municipal Airport and is approximatel y 8.0 km NW crlbe Universi ty of Nebraska-Linco ln. The si te 

is protected by a 2.44-111 higb chain-link security fence. 

4.2 Vehicle Tow :mu G uid ilnCC Sys tem 

A reverse cable tow system wi llI a 1:2 mechanical advantage wns lIsed to propel tile test 

vehicles. The d istance traveled and the speed of the tow vehicle are one-halrthat oCthe test vehicle. 

The tcst vehicle was released from the low cable before impact with the bridge rail. A d igital 

speedometer was located in the lOw veh icle to increase the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by I-li nch (12) was Llsed to steer the test vehicle. A 

guide-nag. attached to the [rolll- idl wheel and the guide cable. was sheared offbeibre impact. The 

9.5-mHl diameler guide cab le \vas tensioned 10 approximately 13 .3 kN, and supported lalerally and 

verticall y every 30.48 111 by hingt!d stanchions. The hinged stanchions stood upright while ho lding 

up the guide cable. but as the vehicle was lowed down the line, the guide-flag sU'uck and knocked 

each stanchion 10 the ground. The vehicle guidance system was approx imat.ely 457.2 -111 long. 

4.3 Test Vehicles 

For lest MBN-3, a 1990 Chevy 2500 %-ton pickup truck was lIsed as the lest veh icle. The 

lest inertial ilnd gross stati c \Veights were 1.989 kg. The test vehicle and vehicle d imensions are 

shown in Figure II. 

For les t MBN-4, a 199 1 Chevy 2500 %-Ion pickup truck was used. The test inertial and gross 

static weights were 2,0 1 O-kg. The test vehicle and vehicle dimensions are shown in Figure 12. 
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Do. tel 5/6/98 Test NUl'lberl MBN 3 ModeLl 2S00 

Ho.ket CHEVY Vehicle I ,D,ifl _..IIJ;iGJ;CEF!;;Ci!21J4K~XgL.lE.lIJL03 .. 2::;5;>101-__ _ 

Tire Sizel 245175 RI6 Yearl 1990 Odol'leterl _t;NAA _____ _ 

_(AIL Meo.surel"lel"'lts Refer to I l"Ipo.cttng Side) 

Vehic Le Geol"letry - 1"11"1 

• 1905 b 1718 

c 5550 d 1308 
= 

T L-J = n: ~ t " -- • 
I.L ~ ,--, = I 

c 3378 

Q~7 

406 

, 861 

J 52? 

k 533 737 
_ occl!tl!'r'OJ"lI!"tI!'r' 5 

" 1600 n 1613 

I I~,\ nr. 010 . 
11 • -~ • I ~ 

-(0: g 

iTJ r tl k s 

0 1029 

q 756 

s 413 

P 76 

r 145 

t; 1873 

~"- \Jheet Ce~ter Helc!1t F'rcnt 371 

f-d '\ '7'-
7 1,/",pr., r 

• '\ I,/;",n", 
c 

\oIheet Center Height Rear 371 

IJheel \Jell Cll!'o.ro.ncc (F"R) 838 

"'heeL ...... eU CLeo.ro.nce eRR) 883 

Engine Type v-a 
V e!gh-ts 
- kg Curb Test Inertlo. L Gr oss Sto.tlc Engl",e Size 5,6 L 

"Front 11:102 1Q23 1083 Transnlsslcn Type' 

"'rear S?5 ~Q~ ~O:!: €o~~ or Mo.nuo.L 

"'totaL IBi:!8 1~a2 1282 F\oID or 8 or "\olD 

Note any daM.ge prior to testt Mil. lor c ro.cks covering entIre windshield. 

Figure II . Vehicle Dimensions. Test MBN-3 
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Do.. tel 719/98 Test NUMberl MBN-4 Model l 2500 

Ho..kel CHEVY Vet-dde tD.wl _..lI,"G~CJ:.EkC2",;;JK"'''M''E..\I>.91UO1>."'16"---__ _ 

Tire Sizel LT 225175 R16 Year' _.l19"'OLIL __ _ OdOMeter' _Zlj8Ij;''';IlI ____ _ 

_ eAU MeasureMents Refer to IMpacting Side) 

Vehic le GeOMe'try - MM 

• 1892 b 1778 

c 5512 d 1295 

T L:.--1 = .-
~ 

I 
t n -- n • 
L I J .. Jl ,----, 

c 3327 

g -.-1J! 

413 

f 861 

n .---.L~~ 

J 629 

k 527 724 
c.!:==rirl""C~~'tt!'f'S 

.. 1575 

1 ~" 
TIre cIIc. 

• ..~ n • 
-,~ g 

ilI1j C 'I k • 

0 ---1029 

Q 749 

5 :470 

P 102 

I'" ·"145 

,t 1848 

,-"-
~d \7, f-• 

"'frnn~7 I I ",..po ,,- c 

Vheel Center Height Reor 381 

"heel VelL Clearance eFR) eSl 

"heel "11'11 Clearance eRR) 895 

Engine Type y-8 
VI1'!ghts 
.. kg Curb Test Inertial Gr oss S"tatlc Engine Slzl1' 5,7 L 

\Jrront 1101 1132 1132 TransMlsslol"I Typel 

"rear 82Z ala eZl:! Autol'lQtlc o~ 

Vtoto.l 1238 2010 2010 F"D or 8 or 4VD 

Note o.ny do. Mo. ge prior to test , Mll"lor dent along driver s ide door o.l"Id fender 

Figure 12. Vehicle Dimensions, Test MBN-4 
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The Suspension Method was used 10 delerm.ine the vertical component of the center of 

gravi ty for the test vehicles. This method is based 011 the principle that the center of gravity o f any 

freely sllspended body is in the vertical plane through the point of suspension. The vehicle was 

suspended successively in three positions, and the respective planes containing the center of gravity 

were estab li shed. The intersecl"ion of these planes pinpoinied the location of the center of gravity. 

The longitudinal component of the center of gravity was determined using Lhe measured a..;ie 

weights. The locations of the final centcrs of gravi ty are shown in Figures 11 through 14. 

Square, black and whi te·checkered targets were placed on tbe vehicle to a id in the analysis 

oC the high-speed film, as shown in Figures 13 through 14. One larget was placed on the center of 

gravity on the driver's s ide door. the passenger's side door, and on the roof of the vehiclc. The 

remaining targets were located for re ference so that they could he viewed from lhe high-speed 

cameras for film analys is. 

The front wheels o f lhe test vehicle were aligned for camber, caster, and toe-in values o f ze ro 

so that the vehicles would track properly along the guide cable. Two 58 nash bulbs were mounted 

on both the hood ,md roo f ofthe vehicles to pinpoint on high-speed film the timeof impact with lhe 

bridge railing. The nash bulbs were fired by a pressure tape switch mounted 011 the front [ace o flhe 

bumper. A remole-colllro ll ed brake system was installed in the lest vehicle so the vehic le could be 

brought safe ly to a SLOp after the test. 

4.4 Data Acquisition Systems 

4.4.1 Accelerometers 

One tri axial piezoresistive accelerometer system wi lh a range of ±200 G's was used to 
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measure the accelerat ion in the longitud inal , lateral , and vertical direct ions at a sample rate of I 0,000 

Hz. TIle environmental shock and vibrmion sensor/recorder system. Model EDR-4 M6. was 

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

differential channels as well as three single-ended channels. The EDR-4 was con.figured with 6 Mb 

of RAM memory and a 1. 500 lIz lowpass filter. Computer software, "DynaMax 1 (DM-l )" and 

"DAOiSP" were llsed to digitize. analyze. and plot the accelerometer data . 

A backup triaxial piezoresistive accelerometer system with a range of±200 G's was al so used 

to measure the accelerat ion in the longilUdinal. lateral. and vertical d irec tions at a sample rate of 

3,200 Hz. The environmenta l shock and vibration sensor/recorder system, Model EDR-3, was 

deve loped by Instrumented Sensor Technology (1ST) of Okemos. Michigan. T he EDR-J was 

configured wi th 256 Kb of RAM memory and a I, 120 I-Iz lowpass filter. Computer software, 

"OynaMax 1 (OM-1 )" and "DADiSP" were used to digi tize. analyze. and plo t theacecleromcterdata. 

4.4.2 Rolfe Transducers 

A Humphrey 3-ax is ratt: transducer with a range of250 deglsec in each of the three di rections 

(pitch. ro ll. and y,;lw) was used to measure the rates ormotion of the lest vehicle. The nlte transducer 

was rigidly attached to the vehicles near the center of gravi ty oftbe lest vehicle. Rate tra nsducer 

signals. exci ted by a 28 volt DC power source. were received through the three single-ended 

channels located extemally on the EOR-4M6 and stored in the intemai memory. TIle raw data 

measurements were then downloaded for analysis and plotting . Computer software. "OY l1aMax 

(OM- I)" and " OADiSP" were Llsed to digitize. analyze. and plot the rate transducer data. 

4.4.3 High Speed Pholography 

For test MBN-3. seven high-speed J6-mm Red Lake Locam cameras. with operating speeds 
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of approximately 500 frames/sec. were used to film the crash test. A Locam with a wide 

angle 12.5-111111 lens was placed above the test installation to provide a lield of view perpendicular 

to the ground. A Locam with a zoom lens was placed downstream from the impact point and had a 

field of view parallel to the barrier. Two Locams with zoom lenses were placed on both sides of lhe 

barrier al the nose and had a field of view perpendicular to the barrier. A Locam was placed 9. 14 m 

upSlream and o tTset 19.81 III to the right 10 1' a view of the fron t of the barrier. The two remaining 

Loc3ms were placed 6.40 III and 37.80 m downstream offset 12.19 III and 21 .34 m respectively to 

the left to provide additional viewing angles of the crash test. A schematic of a ll seven camera 

locations for test MBN-3 is shown in Figwe 15. 

For test MBN-4, five high-speed 16-mm Red Lake Locam cameras, with operating speeds 

o f approximately 500 frames/sec. were llsed to Iillll the crash test. A Locam with a wide-angle 

12.5-mm lens was placed 17.17 m above the Lest install ation to provide a field of view perpendicular 

10 the gro und. A Locam with a zoom lens was placed downstream from the impact point and had a 

field of view pamllel to tJle barrier. Two Locams wi th zoom lenses were pl<lced on both sides ofthe 

b:uTier perpendicular to post no. 3 for s ide views of the barrier. T he remaining Lacam was placed 

37.80 III downslream and offset 2 1.33 m to the le ft to provide an additional viewing angle of the 

crash leSt. A schematic of the li ve high speed camera locations for test MBN-4 is shown in Figure 

16. 

The film was analyzed using the Vanguard Motion Analyzer. Actual camera speed and 

camera d ivergence factors were considered in the analysis of the high-speed film . 

27 



~ 

-

Locom 112 

I 
7.01 m 

r 
t- 6.40 m 

Locom 116 f , SVHS 1/ 1 

12.19 m 

-.--- -1--~ , Oh 'Lo~o ;" ' ( 1'5,0 1 m) 

~ 35 

~-~ DC 

21.33 m 

f------- 37.80 m --------1 

19.81 m 

~ 
Locom #1 

16.76 II 60 2 m 

I 

Locom 1/7 

SVHS #2 
Panning 

1- 9,14 m-

Figure 15. Location of High-Speed Cameras, Test MBN-3 

mm 

Locom #5 

HI SVHS #3 
HI 

DC 'Locom #4 



4.82 m 

~ 35 

.---~ DC 

-.-_LO_C0-lg 21.33 m 

12.19 

Oh Locom 17.17 mL-l ___ L 

mm 

Loccm #5 

NI SVHS #2 

NI DC Locom #4 

,-------- ______________ -II
NI 

Nikon Camero 
I'" rI.SO m - -------1 

16.76 m 

6".32 m 
19 .81 m 

~ Locom #3 

4.82 m 

• SVHS #1 
Penning 

5.15 m 

Figure 16. Location of High-Speed Cameras, Test MBN-4 



4.4.4 Ilrcss lire Tape Switches 

For tests MBN-3 and MBN-4, fi ve pressure-acti vated tape switches, spaced at 2-m inlervals1 

were used to determine the speed of the vehicle before impact. Each tape switch fired a strobe light 

which sent an electronic timing signal to the data acqu isi tion system as the le ft front tire of the test 

vehicle passed over it. Test veh icle speeds were detennined from electronic timing mark data 

recorded on "Test Point" software. Strobe lights and high-speed film analysis are used only as a 

backup in the event that vehicle speeds cannot be determined from the electronic data. 

4.4.5 Strain Glluges 

For test MBN-3, a se ries of stra in gauges were insta ll ed on the thric beam guardrail that 

consisted o r e ight gauges located the frollt side of the thrie beam rail. The strain gauge positions arc 

givell in Table 3. and photographs showing the gauges on the bullnose barrier are shown in Figure 

t 7. Strain gauges were not used in the instrumemation for the small car test, test MBN-4. 

For test M BN-3. welda hle strain g.'luges werc llsed and consistcd of gauge type L WK-06-

W2S08-3S0. The nominal resistance of the gauges was 3S0.0 ± 1.4 ohms wi th a gauge factor equal 

to 2.02. T he operating temperature limits of lhe gauges was -1 95 to +260 degrees Celsius. The strain 

limits o r the gauges were 0.5% in tension or compression (SOOO J.1€). The strain gauges were 

manufactured by the Micro-Measurements Div ision of Measurements Group, Inc. ofRaJe igh. North 

Carolina. The installation proc-edure requ ired that the metal surface be clean and free from debris and 

oxidati on. Once the surface had been prepared, the gauges were spot welded to the test surface. 

A Measurements Group Vishay Model 23 10 signal conditioning amp li fier was used to 

condi tion and ampl ify the low-level signals to high-level outputs for multichannel, simultaneous 

dynamic recordi ng on "Test Poi nt" software. After each signal was amplified, it was sent to a Keithly 
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Mctrnbytc DAS· 18021-IC data acquisition board, and then stored pennanent ly on the portable 

computer. The sample rate ror all gauges was 5.000 samples per second (5 ,000 Hz)_ and the duration 

of sampling was 6 seconds. 
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Table 3. Strain Gauge Locations, Test MBN-3 

STRAIN GAUGE INSTRUMENTATION 

GAUGE NUMBER POSITION DISTANCE 

I Middle I-lump-Top Neutral CL slot 2 16-mm Downstream 
Axis - Front Side Post # 2 CL 

2 Middh.: Hump-Bottom CL slot 2 t 6-mm Downslream 
Neutra l Axis - Front Side Posl #2CL 

, 
Middle Hump-Top Neutral 2 t 6-l11m Downstream Post # 0 

Ax is - Front Side 3 CL- 2" from Slot 

4 Middle Hump-Boltom 216-111111 Downstream Post # 
Neutral Axis - Front Side 3 CL- 2" from Slot 

5 Top Hump-Top Neutral Axis 2 1 O-nun Downstream Post # 
- Front Side 4 CL- 2" i'rom Siol 

6 Midd le Hump-Top Neutral 2 t O-I111n Downstream POSI # 
Ax is - Front Side 4 CL- 2" from Slot 

7 Middle Hump-Bottom 2 1 O-null Downstream Post # 
Neutral Axis - Front Side 4 CL- 2" from Slot 

R BoHom Hump-Bottom 2 1 O-mm Downstream Post # 
Neutral Axis - Front Side 4 CL- 2" I,om Siol 
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Figure 17. Stra in Gauges ror Full Scale Test MBN-3 
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5 CRASH TEST MBN-3 

5.1 Test MBN-3 

The 1.989-kg pickup truck impacted the bullnose barrier at a speed of 100. 16 km/h and an 

angle of -1 .08 degrees. A sUlllmary of the lest results and the sequential photographs are shown in 

Figure 19. Additional sequential phoiographs are shown in Figure 20. full -scale crash documentary 

photographs are shown in Figures 21 and 22. 

5.2 Test "Description 

Following the initial impact with the pickup truck. the thrie beam rail immediate ly began to 

deform inward. At 0.054 sec aller impacL a tear in the thrie beam ra il began to occur in the middle 

hump just to the right of the centerline of the nose sec tion. The middle hump was a ligned di rectl y 

with the bumper at impaci aJld subsequently fractured. Unl ike the middJe hum p, the upper hlllnp of 

tbe rai l did not fail immediately aller impact. The bottom hump was impac ted below the bwnper and 

was pushed undcmeath the bumper and dri ven over by the front tires. As the pickup penetrated 

further into the barrier, post no. I on both sides was fractured as the beam wrapped around the posts 

at 0.076 sec. The lirst ki nk in the rail was formed downstream of the fi rst rail splice on the right side 

of the barrier. At 0.200 sec, this kink impacted and dented the right-side door o f the pickup. The 

pickup truck then continued to penetrate the system. kink ing the rail at the cable box on the left side 

and fomling a second kink at post no. 2 on the right side. As the rail wrapped around post no. 2 on 

both sides. high stresses in the lOP hump of the tllric beam. which was now carry ing most o f the 

impact load. caused the rail to tear. The tear occurred at 0.208 sec after impact at a location slighLly 

to the left of the centerline oCthe bullnose. Pos t no. 2 on the left side o Cthe barrier was a lso broken 

due to raiJ \'flappi ng around the post. Following the rupture of the rail , the pickup truck proceeded 
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through the middle or the bullnose barrier Hnd fractured post no. 11 at 0.876 sec as it ex ited the 

bullnose barrier. Figure 23 shows the trajectory of the pickup truck during the crash test and the final 

position of the vchicle. 

5.3 Vehicle Damage 

Vehicle damage was moderate, as shown in Figure 24. The front bumper and from end o rlhe 

truck were crushed inward uniformly. The bumper was bent and fl attened across tbe length o f lhe 

pickup. The len-Front fender of the pickup truck was crushed inward due to the barrier impact. TIle 

lower-from section of the left door was also crushed inward. and some of the sheet metal on the door 

was ripped and scratched. The left-front and le ft- rear tires were cut and denated. There was no 

sign ilicani rim damage. The tires 011 the right side were not damaged and remained innalcd. The 

right- fron t fendt'r was crushed back toward the right door due to the barrier impact. The ri ght door 

was crushed inward and a 152.8-mm cut was made near the center of the door. TIle window a ll the 

righ t door was also shattered. There was no crushi ng of the pickUp truck's occupant compartment. 

S.4 Barrier O<lut:lge 

Barrier damage was ex tensive. as is shown in Figures 25 through 27. Three o fLhe BCT posts 

rr~lctured at the ho le near the base of the post. Post no. I on bo th sides of the barrier was broken 

along with post no. 2 on the left side orthe barrier . Post no. l ion the left side of the barrier was 

contacted and broken as the truck exited through the middle of the barrier. The thrie beam buckled 

and bent mound the cable box 8 13-111111 upstream of post no. 2 on tlle left side of the barri er. The 

thrie beam also buckled al two locations on the righ t side of the barrier. The fi rst buckle occurred 

at the start of the first set of sial'S downstream or the fi rst rail splice, whi le the second buckle 

occurred aroll nd post no. 2. 
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The thric beam tore in two places during the pickup truck impact The first tear occurred 381 -

nun downstream and to the ri ght of the nose of the barrier in the middle hump of the thrie beam. The 

second tear occurred 343-mm downstream and to the left of the nose of Ihe barri er in the top hump 

of the beam. The lowest hump in the rail did not tear completely but did have part ial rupt ure 38 1-mm 

downstream and 10 the right of the nose of the barrier. There were ,li so some cuts in the rail on the 

ri ght side of the barri er during impact. Major rips in the rail were found at 279-mm and at 178-mm 

upslream of post no. I . 

S.S Occupant nisk Values 

TIle normalized longitudinal and lateral occupant impact veloc ities (orv) were determined 

to be 5. 10 m/s and \.36 mIs, respectively. The ma'(imum 0.0 1 O-sec average occupant ridedown 

dece leration (ORO) ill the longitudillal and latera l directions was 3.31 g 's and 4.57 g '5, respectively. 

It is noted that the occupant impact ve loc ities and occupant ridedown decelerations were within the 

su~gesled limi ts provided in NCI-IR P Repon No. 350. The resuils of the occupani risk data are 

summ,uized in Figure 19. Results are shown graphicaUy in Appendix A. 

5.6 J)jscuss ion 

Fo llowi ng test MBN-3, a safety performance evaluation was conducted, and the bull nose 

barrier design was determined to be unacceplable for Test 3-3 1 accord ing to NCHRP Report No. 350 

criteria. The bull nose barrier did not contain or stop the lest vehjcle in a controlJed manner due to 

the fracl'ure or the thrie beam during the impact.l-1owever. it shou ld be noted that the pickup truck 

did nOl override the thrie beam du ring the impact prior to the lhrie beam frac ture. Detached elements 

and debris rrom the test article did not pene trate or show poten tial for penetrating the occupant 

compartmen t. There was no deformation of. o r intrusion into, the occupant compartment that could 
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have caused serious injury. The vehicle remained upright during and after collision and the veh icle' s 

traj ectory did not intrude into adjacent traffi c lanes. Vehicle trajectory behind the test article was 

unacceptable as the test vehicle penetrated through the barrier and into the median area behind the 

bullnose. The occupant impact velocities and ridedown accelerations were within the suggested 

limits imposed by NCHRP Report No. 350. 

The fa il ure of the system to meet all oflile safety perfonllance cri teria was directly attributed 

to the frac ture orthe thrie beam. The fracture of the thrie beam in test MBN-3 occurred morc rapid ly 

than during test MBN-I . This behavior was believed to be attributed to the direct alignment orthe 

Chevrolet pickup truck's front bumper with the middle hump of the thrie beam in test MBN-3. It is 

believed thaI thi s impact condit ion caused high stresses and strains 10 be generated immediately in 

the midd le hump or lhe thrie beam nose section, thus leading 10 rapid rupture of the middle hump. 

For test MBN- I. the Foni" s front bumper was aligned to contact both the top and middle humps of 

tbe thrie beam . This impact condition resulted in a more gradual increase and d istribwion of stresses 

and strains in ' the middle and top humps. However, it was noted that rail rupture still occurred. It 

became obvious to the researchers that thc middle and top Ihrie corrugat ions werc inadeq uate 10 

contain the impacting head-on pickup truck in the present configuration. The top mounting heights 

for the rord and Chevrolet bumpers were 737-mm (test MBN-I ) and 622-11101 (test MBN-3), 

respectively. A comparison of the bLUllpe r heigh ts is shown in Figure 28. 

Design changes were therefore necessary to contain the pickup truck by preven ting rail 

fracture or con tain the pickup even ifra il fracture occurred. However, these design modifications. 

intended to adequately contain the pickup truck impact, were to be incorporated without adversely 

alTecling the small car's impact performance. 
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5.7 Barrier Instrumenlation Results 

For lest MBN-3, strain gauges were located on the lhrie beam mil. The resul ts of lhe strain 

gauge <malysis arc provided in Table 4. Graphs of the data taken from gauge nos. I through 8 are 

loenled in the Appendix B (Figures B-1 through B-16). 
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Figure IS. Impact Location. Test MBN-3 
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150 mm x 200 nun x 1980-mm long 

150 mm x 200 mm x 320·mm long 
Grading B· AASHTO M 147·65 (1990) 
1990 Chevy 2500 2WD 
1.828 kg 
1.989 kg 
1.989 kg 

100, 16 kmlhr 
NA 

Figure 19. Summary and Sequent ial Photos, Test rvm N-3 
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Figure 20. Additional Sequential Photographs, Test MBN-3 
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Figure 21, Full- cale Crash Tesl MBN-3 
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Figure 22. Full-Scale Crash Test MBN-] 
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18.29 m 

Figure 23 Vehicle Trajectory, MBN-3 
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Figure 24. Vehicle Damage, Test MBN-3 
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Figure 25. Barrier Damage. Test MBN-3 
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Figure 26. Barrier Damage. Test MBN-3 
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Figure 27. Barrier Damage, Test MEN·) 
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figure 28. Front Bumper Impact Heights, Test MBN- I and MBN-3 
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Table 4. Sirain Gauge Dala, Tesl MBN·] 

Hardware Simin Max im um Max imum Comments 
Iype GAuge No. J.L Strain l Strcsi' 

(mm/mm) (MPa) 

1 97 ' -, 190.16 None 

2 997 206.29 None 

3 269 55.7 1 None 

nrie 4 381 78.8 1 None 
Beam 

5 312 64.47 NOlle 

6 216 44.68 None 

7 227 46.95 None 

8 327 67.64 None 

All stra in values arc shown as the absolute va lue on ly 
~. All clastic Stress values are shown as Ihe absolute value only and calculated by multiplying the stra in by the 

modulus of elasticily cqualto 30.000 ksi. Minimum yield stress ror Ihe thric beam is 50 ksi. 
NA· Not Available 
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6 COMPUTER SIM ULATION OF TEST MBN-3 

6.1 Simulation Objective 

The computer simulation methods used in thi s project consisted of using nonlinear FEA to 

help determine the cause of the thrie beam fracture in test MBN-3 and La help delemline possible 

so lutions. LS-DYNA was the simulation code ChOSClllO perform the simulation em. Test MBN-) 

was simulated to examine the I~l i lure of the bllllnose barrier and to develop a val idated mode l for 

flllure simulation. 

6.2 Finite Element Model 

To simu\.ue test MBN-3. a vehicle model and a bullnose model were needed. FHWA had 

previously co ntracted mode l development or lhe C2500 pickUp truck to the Nat ional Crash Analys is 

Center (NCAC) (m . NCAC subsequently developed two models. :1 large detailed model 

(approximately 50,000 elements) and a red uced model (approximately 10 .000 elements). T he truck 

model s were prim:lJ'i ly deve loped for fron lal impaci scenarios. For the bullnose project , the reduced 

truck model was deemed appropriate . 

6.2.1 Bullnose Model 

The bullnose is composed of many compo nents. inc luding wood posts, cab le ancbor bracket 

assemblies. g uardrail. ground-line struLs. founda tion tubes and variolls brackets and anachmenl bolts. 

The mode ling o flhe guardrail component in the s imulation was critical fo r proper model results. The 

guardrail model consists o f two important elements. First, the mesh size of the rai l is important to 

ensure accuracy and to ensure efficient computer s imulation times. These cri teri a arc somewhat in 

conflict in that a re fined mesh often improves accuracy while at the same time increases computer 

requi remen ts. Seco nd. fai lure o f the rail mmerialmust be reasonably accurate in order to replicate 
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test MBN-3. A subsequent study was done oflhe ra il mesh size. including considerations for in icrnal 

energy absorption. peak forces. qua li ty of kinks. and CPU execut ion time. It was decided that a mesh 

\\li th 42 elements in the cross section and a 50-mm length along the rail was appropri ate for the 

bullnose model. 

Tbe wood posts were al so considered an important component of the model. Fortunately, 

a previolls study on the SKT end terminal had already investigated appropriate modeling techniques 

lor the wood posts in the bu llnose system (23). 

Since the goal of the simulation was to detennine the cause of the bullnose fai lure and to 

investigate potential design fixes. detailed modeling would only be added as needed. This meant that 

severa l components were modeled without cx treme deta il . such as (1) splices modeled by doubling 

the rail thickness at splice locations; (2) slots made in the rail by rcmoving elcments wi thout 

rounding out the corners; (3) a cable anchor box was not modeled; (4) the post connections modeled 

wi th spot welds wi th lailure sel at loads determined from previous component testing; and (5) the 

model extended to the locat ion or post no. 5 but included onl y the !irst 3 posls. 

These modeling techniques werejust ified for four reasons: ( I) lest results indicated thm those 

components li sted above did not greatly innuence the perrormance; (2) positive results with previous 

modeling using the stated techniques; (3) the sponsors of the project wanted timely results and 

modeling detail s for every componelll would slow the project down; and (4) the CPU time needed 

for simulation was to be contro lled as much as possible, detai led cOl1lponentlllodcl ing often requires 

many more elements. 
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6.2.2 Tnlck Model 

Version 7 of the NCAC reduced truck mode l was downloaded from the NCAC web site and 

was modified for tills sl"udy. CluUlges made to the model included : ( I ) the lILllts of the model were 

converted to kg. mm and ms. (2) the format was changed from structured to keyword. (3) the 

material properti es were reduced 10 a minimal set lIs ing Ihe capabili ties of the part and material 

keywords available in LS-D YNA, (4) the vehicle was translated and rotated to match with the 

bul lnose location. (5) and vari ous control parameters were changed to be cOllSistent WiUl the buUnose 

mode l. Doce the modi ficalians were made. the vehicle model was impacted into a ri gid wall and 

compared to result's from simulation of the unmodified truck model. The results ind,ica ted that the 

1ll0diIications IHade no sig.nifi cant changes from the ullmod ified truck simulation results. 

6.3 Matcrilll Fllilurc 

Initial simulation of the model desc ribed above did not accurately simulate test MBN-3, 

because (he guardrai l malerial did not lear during the simulalion. This requi red a more dewi led 

in vestigation i.nto material fail ure. A component test and corresponding component simulation were 

set-up to mimic the lab tearing between the slots in the center section o fllle ra il. Two differen t tab 

sizes were investigated, one 25 mm in length and the other 50 mill in length. Us ing a Material 

Testing Systems (MTS) machi ne. the right ends ofthesmnples were pulled apart until the tabs railed 

UJld the force leve ls were recorded. Four stat ic component tests were completed with each lab size. 

PhOlographs of lhe slot tab testing are shown in Figure 29. 

During component testing. the 25 -1111ll length lab tore at an average ma;-:imull1 force 01'23.7 

kN. whi le the 50-mm l'ab tore at an average of27.2 kN. resulting in approximate ly a 15 percent 

illcre,ase in strength. Computer simulation or the component testing, using an e ffective plastic s train 
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Figllre 29. Physical Testing ofSlol Tabs 
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failure of 0.2. lailed the tabs at 24.7 kN for the 25-111m tab and 27.1 kN for the 50-mill tab . 

Simulation results compared very well with component tesLin g results. and thus, the malerial 

propert ies from the component simulation could be used with confidence. One item of note was tbe 

required mesh density. In order to get reasonable tearing, the mesh density had to be relatively fine 

compared to the init ial bullnose guardrail mesh. Thus. the bullnose guardra il mesh was ron ned by 

a factor of four to obtain the correCI fai lure behavior. 

6.4 Rot:lting Tires 

Using the material propert ies obtained fro m the component study and the re fi ned rail mesh. 

the bullnose model was again simulated. TIlis time, the tabs connecting the peaks of tho thrio beam 

tore, a llowing the rai l to wrap around the front of the truck. as seen in Figure 30. However. as shown 

in Figure 30. the lower peak of the rail caught on the front tires. In the phys ical lest, the rai l was 

pushed down. and the front tires rolled over the lower rail section . It was thought that the difference 

between test and s imulation resu lts was dlle 10 the ahsence of a rotating lire in the model. Thus, 

capabili ties for rl rotating tire were added 10 the Ill oclel. 

The initial wheel assembly on the truck model consisted of four parts that were rigidly 

attached together. thus prevent ing tire rotation. These four parts are the knuck.le, sp indle (which is 

actuall y a combination of the brake rotor and spindle), wheel and tire. A fifth part, referred to as an 

axle. was added to the model 10 efficient ly add rotation capabili ties. These pmis are depicted in 

Figure 31. 

The knuck.le and spindle are defined as rigid materials and are combined using the merge 

rigid bodies funct ion. These two parts move with the body of the vehicle. The axle is a rigid materia l 

and is located such that its two center end nodes coincide with nodes 0 11 the spind le shaft. 

55 



Figure 30. Lowt::r Rail Catches 011 Tire 
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Exploded View of W heel Assembly 

knuckle Silindic axle wheel 

Ve loci ly Veclo l"s 

Figure 31. Rotat ing Tire 
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These coinciden t nodes are used to define a revolute joint in LS·DYNA. Thus, the axle is a llowed 

10 rotate relative to the spindle about the center li ne of the spindle. The wheel is attached to the axle 

by assigning nodes around the center of the wheel as extra nodes on the axle rigid body. The wheel 

is defined as a defonnable metal. The tire is defined using an airbag so that it is a pressuri zed 

deformable structure. TIle mesh of the tire and wheel are slich that they are connected al common 

nodes. Because the wheel and tire are connec ted to the axle. they also rotate relati ve to the spindle 

anuthe resl of tile vehicle body. 

The rotat ing lire model was then added 10 both front tires of the truck model. and the bu ll nose 

simulation was repealed. Contact snagging occurred between the rotating tire and the lower rail as 

the rai l was indeed pushed below the tire due to the rotation of the tire. In order 10 eli minate the 

contact troubles. the lire mesh was refined in order to provide more uniform contact forces between 

the tire and the rail. 

6.5 MBN-3 Bullnose Simul:lr-ion 

Wi th material fa ilure and rotating tires defined, simulation of test MBN3 was repeated. This 

time the resu lts were very encouraging. as shown in Figures 32 and 33. As the truck impacted the 

rail. the three peaks separated. wrapping themselves around the fro llt of the lruck. The lower peak 

contacted the tires and was pushed down and driven over by the front tires. As the rail wrapped 

around post no. I. the upper two peaks ofthe rail tore j ust before the first splice in the rail. The 

vehicle tben proceeded to penetrate behind the buUnose system. The veloci ty comparison between 

test and simulat ion is shown in Figure 33. After 200 ms, the vehicle was essentially rolling 

unconstrained and thus, not or concern . 
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Figure 32. MBN-3 Simulation - Truck Tears ·Illrough Guardrail 
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7 1lAIlRI ER MODIFICATIONS (DESIGN FOR MIlN-4) 

7. 1 l\1odificlitiOIl of Bullnose Design 

The bull nose barrier system was modified prior to conducting the second full-scale crash test, 

test MBN-4. The full-scale test results ofMBN-3 as well as the LS-OYNA mode ling oftest MBN-3 

demonstrated that it would be vcry difficult to ensure that a single thric beam rai l with slots would 

be capablc of containing il pickup tnlck impact wi thollt rail fracture. Therefore, it was deemed 

necessary to rcinl'orcc the fi rst rail section of the bullnose barrier. It was in itially suggested that 

reinforcing or strengthening the nose section be done by nesting IwO pieces of rail. This idea was 

discarded because it was feared thai increasing the rai l thickness and strength would cause the nose 

10 be 100 stiff and adversely affect the small car' s impact perfonnance. A second suggestion was to 

place a second thric beam section at an offsel behind the 110se section. This design was rejected based 

on complexity and a desire by the project supporters 10 have an open area inside the bullnose 10 

allow for easy mowing. A Ihird idea was tn weld steel straps to the back of the ra il at key locations 

in an altemptto eliminate the initial rail frac ture. The final suggest ion was to incorporate a set of 

steel cables along the backside of the thric beam section that would serve to contain the truck in the 

event ofthrie beam fail ure. bUl lhat would not increase the impact stiniless of the system for the 

smull car impact. A computer simulat ion model was used to test the feasib ili ty of the cab le 

modification. A morc detailed discussion orthe computer simulation of the cable modified design 

is covered in the next section. 

A schematic of the modified bullnose design is shown in Figure 34. and photographs arc 

provided in Figures 35 through 36. The only modification to the bullnose barrier system was the 

addition of the cables and steel retention devices. A 4.3 8-m long by 15.9-1111n diameter cable was 
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added behind the top and middle humps of the nose section o r thrie beam rail. A 7 x 19 cable was 

chosen such that one of the two cables was capable of containing the impacting vehicle. Cables were 

onl y p laced beh ind the firs t rail section because it was the only section that had fai led in prev ious 

testing. It was bel ieved that the raj l sections alter the nose section would be active in contain ing the 

vehicle, and therefore, the use of longer cable lengths waS not deemed necessary . The cab les were 

attached to the guardrail using three U-bolts per cable to fix the cables behind the lOp and middle 

humps of the thrie beam. The ends of each cable were fitted wi th "Co ld Tuff' buttons and clamped 

between formed steel plates located at the gua rdrail spl ice at post no. I on each side. The cable plate 

and the cable detail are sbown in Figure 37. 

II was decided that the I.ourtb test be a repeat of test MBN-3 in order to prove that the 

Ill odilied design was capable of' capturing the head-on impact with a 2000-kg pickup truck. A rerun 

of the small car. 1/4-point offset test was deemed unnecessary: sjncc, the barrier modificat ion did 

nOl s tifren the nose section of the bullnose barrier in such a way that the small car tes t would be 

adversely anecl~d. 
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Figure 35. Bullnose Design. Test MBN-4 
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Fib'lJre 36. Bullnose Design, Test MBN-4 
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8 S IM ULATION OF MODIFIED DESIGN FOR TEST MBN-4 

The mod ified bullnose barrier wi iJl the addit ion of cables behind the nose section was 

simulated in LS-OYNA in order to pred icl lhc perfonmmce of the new design. The si mulation was 

created fo r a head-on pickup tfllck impact on the modified barrier design. 

A cable. as descri bed previollsly. was added to the fi nal bullnose model deve loped after lest 

MB N-3. Beam elements we re used to model the cable along with the cable materia l available in LS­

DYNA. The cable materi al is an elastic materia l. The size of the cable used in the design was large 

enough that the cable should rema.in elast ic during impact. Therefore. the cable materia l was 

applicable. The contact algorithm [or beam clements in LS· DYNA assumes a circular cross section 

lor determining contact Since the cable is ci rcular, the contact a lgorithm should be fai rl y accurate. 

Results of the simulation indicated tha t the cable design would adequately contain the tnlck 

during the fronta l impact test. as shown in Figure 38. The bullnose simulation took 220 hours for 

367 illS of s imuhilion on an SG I Octane. IL is noted that the simulation was Slopped al 367 illS d ue 

to a power ou tage. The model con tai ned approximately 60.000 deformable c lements. Because of 

the long simulation times. the permission for construction to proceed was given with onl y partial 

simulation results available. The permission fo r testing given after it was clear no further useful 

information could be gathered from simulation in regards to the proposed design. 
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Figure 38. Simulation Result s. TesL MBN-4 
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9 C RASH TEST MBN-4 

9.1 T es t MBN-4 

The 2,0 I O-kg pickup truck impacted the bullnose barrier at a speed of 103.50 km/h and an 

angle 0[0.5 8 deg rees. A summary of the test result s and tbe sequential photographs arc shown in 

Figure 40. Addi tional sequent ial photographs arc shown in Figure 4 1. Full-scale crash documentary 

photographs are shown in Figures 42 and 43. 

9.2 T est Description 

T he nose section of the bullnose barrier began to deform immediately aller the in itial impact. 

The baltom hump of I.he thrio beam rail impacted below the bumper of the truck and was pushed 

under the front tires at 0.052 sec. As the pickup conti nued to penetrate the bullnose system. the top 

hump of the rail began to tcaf at 0.076 sec .• ubsequently, at 0.082 sec, the rail wrapped around post 

no. I on both sides, causing the BCT posts to fracture. After the fracture of both POSI1l0S. I , the nose 

section of thrie beam rail had ruptu red completely, leaving the cables 10 contain the impact. The 

pickup truck then continued to penetrate the bull nose past post no . I. deforming the rai.l inward 

wi thout the formation ofiarge, sharp kinks in the thrie beam rail. Smaller kinks fanned when tbe rail 

defonued around the posts, cable boxes. and rail splices. Post nos. 2 on bo th sides were broken at 

0.247 sec when the front of the pickup extended past post no. 3. As the vehicle proceeded, a kink 

fo rmed between post nos. 2 and 3 on the ri ght side of the system. At 0.30 1 sec, a rail kink impacted 

,md dented the ri ght side of the pickup truck box between the cab and the rear wheel. La ter, the 

pickup truck moved forward and caused the thrie beam rail to wrap around post nos. 3 and 4 on both 

sides, resulti ng in fracture of the posts. At 1. 102 sec, the vehicle was then brought to a complete stop 

as the rail wrapped around post no. 5 with the front wheels ofLhe vehicle even with post no. 9. The 
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vehicle trajectory is shown in Figure 44. 

9.3 Vehicle Damage 

Vehicle drullage was moderate, as shown in Figure4S. The fron t end o flhe pickup truck was 

crushed, including the bwnper. engine compartment, and front quarter panels . The front bumper of 

the pickup was crushed inward and flattened along the top ha lf. A ll of the front sheet metal on the 

truck was crushed uniformJy inward as we ll . The engine. hood, and several engine components such 

as the alternato r, belts, and pulleys were undamaged. A small dent occurred 10 the ride side of the 

tfuck box due to contact wj tb the kinked thrie beam. The rigbt-s ide front fender was crushed 

downward and inward while the right-side door showed signs of contact with the rail. The lett side 

of the vehic le was damaged simi larly to the right side. except that 110 dent was found on the truck 

box. No damage occurred to the vehicle tires or the rims. There was no crushing of the pickup truck's 

occupan t compartment . 

9.4 Barrier D:lIu llge 

Barrier damage was extensive. as shown in Figures 46 through 48. Post nos. I through 4 on 

each side or the system were completely fractured as wel l as post 110. 5 on the ri ght side of the 

system. The remaining six posts on each side showed only stl1aU amowlls of deflection ill ihe soil 

due to the impact. Post no. 5 oll lhe left side had pieces of the top of the post broken o ff. The thrie 

beam tore completely through with a vertical tear 203~ml11 upstream of post no. 1. The thrie beam 

rail also lOre verti ca ll y on the right side of the syslem 305-mm downstream of post no. I. TIle left­

side thrie beum also tore minimall y between post nos. I and 2 as well as between post nos. 2 and 3. 

The th rie beam rail buckled in severa llocatiol1s. The lhrie beam on the left side of the system 

buckled 381-mm upstream of post no. 5 with no learing of the slots and also 381 -111 111 upstream of 
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pOSI no. 4 with slight tearing of s lOis. On the right side, the thrie beam buckled 305-mm upstream 

of post no. 5 with onl y a small amount of tearing, I 78-mm downstream of post no. 5. and 1,0 16-mm 

downstream of post no. 5. Deformat ion of the thric beam occurred to the nose piece as well as rail 

section nos. 2 through 4 on both sides of the system. The cables attached to the nose section as \\fell 

as the cablc anchor plates remained functional aHer impact. Five of the U-bolts hold ing the cables 

remained intact. while the center U-bolt on the middle hump pulled through . The maximum 

permanent rail deflection, as measured longit udinall y into the bullnose system, was 16.33111. 

9.5 Occupanl Risk Values 

The normalized longitudinal and lateral occupant impact velocit ies (01 V) were determined 

to be 5.39 m/s and 1.06 m/s. respecti vely. The ma.xi mum O.OJO-sec average occupant ridedown 

decelerations (ORO) in the longitudinal and lateral directions were 9.18 g's and 4.39 g's. 

respectively. II is noted that the occupant impact velocities and occupant ridedown decelerations 

were withillihe suggested limits provided in NCHRP Rep0l1 No. 350. The results of the occupant 

risk. determined t"rolllthe accelerometer. are summarized in Figure 40. Results areshowll graphically 

in Appendix A. 

9.6 Discuss ion 

Following lest MBN-4. a safety perfo rmance evaluation was conducted , and the bullnose 

barrier design was determined to be accepta ble fo r Test 3-31 according to NCHRP Report No. 350 

criteria. The bu llnose barrier contained and stopped the test vehicle in a controlled manner. It shou ld 

be noted that the Ih rie beam captured the pickup truck with no overridillg or under riding of the rail. 

Detached elements and debri s from the test art icle d id not penetrate or show potential for penetrating 

tJ1C occupant compartment. There was no defonnation of. o r intrusion into. the nccupant 

71 



compartment tlmt could have caused serious injury. The vchicle remained upright during and after 

co llision and the vehicle 's trajectory did not intrude into adjaccnt traffic lanes. Vehicle trajectory 

behind the impact area was acceptable as the test vehicle did not penelrate through the barrier. The 

occupant impact velociLies and ridedmvn accelerations were within the suggested li mits imposed by 

NCHRP Report No. 350. 
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Figure 39. Impact Location. Test MBN-4 
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0.000 sec 0.076 sec 

0.000 S<!c a 082 sec 

• Test Number ................ /'o.<lBN-4 
• D~lte . .. . . ....... 7/9/98 
• Appurtenance .. •.. . . .. . .... Bullnose Median Burrier 
• Total Length ... _ ...... _ .•... 20,144m 
• Steel Thrie Beam (Nested) 

Thickness .•.•••..••••.. 12 gauge (2.66 mm) 
Top Mounting 1·leight ..... 804 mm 

• Wood Posts 

0.24 7 sec 

0.226 sec 

Post Nos. I - 2. 10 - I I .... 140 mm :l: 190.5 mm:l: 1080-mm long 
Post Nos. 3 - 9 ... 150 mm x 200 mm x 1980-mm long 

• Wood Sp3ccr Blocks 
I>osl Nos. I - 8 150 mm x 200 mm x 320-mm long 

• SoilT)pe .• _ .•......•..... Grnding l3 -AASHTOM 147-65 (1 990) 
• Vchicle t,.·lode1 .•............ 1991 Chevy 2500 2WD 

Curb .................. 1.938 kg 
Tcst Incrt ial ............ 2.0 10 kg 
Gross Static ............ 2.01 0 kg 

• Vehicle Speed 
Impact ................. 103.50 kmlhr 
E",i t ....•......••..... ' 0.0 klll/hr 

Figure 40. Summary and Sequential Photographs, Test MBN·4 
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0.301 sec 0.432 sec 

OA34 sec 0.658 sec 

Vehicle Angle 
Imp3et .. ....••............. 0.58 deg 
Exit ........... _. . . . .. . ....•. NA 

Vehicle Snagging .•.....•.........•..•... None 
Vehicle Stability ......... ................ Satisfactory 
Occupant Ridedown Deceleration (10 msee avg.) 

Longitudinal ..... ..... .. ........ 9.18 g's 
Lateral (not required) .. 4.39 g's 

Occupnnt Impact Vclocity (Nonnnlizcdl 
Longiludin ll l .. ......... 5.39 mls 
Laleral (not required) . . . . . . . . . . . . .. 1.06 m/s 

Vehicle Damage .. ....................... Moderate 
TAD(l 7) . . ...• . .... . ... _. IZ-FD·5!13-RP-1II3 -RBQ·] 
SAE{l 8) ........................ 12FDEW51103 RBMD211 

.. . ...... _ . .. . .. 03RPLDl 
Vehicle Stopping Distancc .. 16.33 m downstream 

1.01 m west of centerline 
Barrier Damage .....•.•.........•...... _ Extensive rai l d:unage and 

Mm:imum Dencetions 
Pennan"..nt SCI 

nine fractured posts 

16.33 m downstream 
0.97 nt west ofcenterlinc 

Dynamic ....•.......... ••. ...... NA 
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0.000 sec 

0.052 sec 

0.076 sec 

0.574 sec 

1.102 sec 

Figure 41 . Additional equential Photographs, Test MBN-4 
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Figure 42. Full-Scale Crash Test. Tesl MBN-4 
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Figure 43. Full -Scale CrashTcst. Tcst MBN-4 
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Figure 44 Vehicle Trajectory. Test MBN-4 



Figure 45. Vehicle Damage. Test MBN-4 
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Figure 46. Burrier Damage. Tesl MBN-4 
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Figure 47. Bnrrier Damage. Test MBN-4 
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Figure 48. Barril'r Damage. Test MBN-4 
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10 SUMMAUV AND CONC LUSIONS 

A bul lnose med ian barrier was deve loped and fu ll~ sca l e crash tested to further deve lop the 

design concept and to provide compliance testing accord ing to federal standards. Two crash tests 

were performed accord ing to Test Level 3 (TL·3) ofN CI-I RP Report No. 350. The results of the tests 

arc summarized in Table 5. Test MBN·3 lLsed a 1.989-kg pickup truck while lcst MB N-4 used a 

2.0 I O-kg pickup tfliCk. The fi rst Icst. test MBN-3, failed alter tile lhrie beam frac tured, resulting in 

an Lmcomrolled penetration of the vehicle behi nd the barri er. However, it is noted that the pickup 

truck did not show any potent ial fo r override orthe lhrie beam. Following this crash les t, the results 

were analyzed and lIsed along with LS-DYNA computer simulatio n modeling to determi ne the cause 

of the fracture , 

An analys is of the crash test and s imulation results suggested that the bullnose system be 

redesigned to con tain the truck im pact wi tho llt increasing the stiffness of the barrier fo r a small car 

imp~lcL There fo re. the bullnose barri er was modil'jed using cables to reinfo rce the first section of 

thril: beam between post no, I on each s ide, Two cables. one behind each oftbe top two humps of 

the thrie beam. were fi t1ed to the nose section of the bullnose to contain the impact o f a pickup truck 

in the evelll ora rail fracture. Since cables only develop tensile loads and have vir tually no bending 

stiffness . the researchers believed that the cables would not adversely stiffen the barri er or red uce 

the abil ity of the design to safely cOlllain a small car impact. LS-OYNA computer s imulation of the 

mod ified design suggested that the cables would be capable o f con taining the truck i rthe rail failed. 

The second tesl. test MB N-4. was pe rformed on the modified barrier and was dete rmined to be 

acceptable accord ing to the TL-J crash test criteria orNCHR P Report No. 350. T he pickup truck d id 

not show any potential for underride or override o r lhe thri e be~ul1 . 
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The Phase II development of the bullnose barrier end terminal was successfu Lly completed. 

The initial design concept was further developed and successfully tested fo r head-on pickup truck 

impacts. Computer simulation was success fu ll y used to analyze and predict the behavior of the 

bullnose barrier system. The datu gathered during lhe testing provided valuable infonnat ion that will 

be used in further modification and compliance testing of the bullnose design as we ll as i.n computer 

simulat ion or the bullnose barrier terminal. 
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Table 5. Summary of Safety Pcrfonnance Evaluation 

Evaluation Evaluation Criteria Test Test 
Factors MBN·3 MBN-4 

SlruclUral C. Acceptable teSt art icle perfonnance may be by redirection, controlled U S 
Adequacy penetration. or controlled stopp ing of the vehicle . 

D. Detached e lemen ts. fragments or other debris from the test arti cle S S 
should Ilot penetrate or show potential for penetrating the occ upant 
compartment. or present an undue hazard to oth er traffic. 
pedestrians, or personne l in a work zone. Deformali ons of, or 
intrusions into. the occupant compartmem that could ca use seriolls 
injuries should not be permitted. 

Occupan t F. The veh icle should remain upright during and a fter co llision a lthough S S 
Risk moderate roll. pitchin!l. and yawing are acceptable. 

H. Oceupalll impact ve loc ities should sati sfy the following: S S 
Occupant Impact Velocity Limits (m/s) 

~omgQncnt Preferred Maximum 
Longi tud inal and 9 12 
Lateral 

L Occu pant ride down acce lerations should satisfy the fo llowing: S S 
Occupant Ilide down Acccl~ration Limits (G's) 

Coml2Qnenl Preferred ~llaximum 

Longitudina l and 15 20 
La teral 

K. After co llision it is preferable that the ... chicle's trajectory not intrudc into S S 
Vehicle odiaccllt lraffi c lanes. 

T rajectOf)' 
N. Vehicle trajectory behind the test artic le is acceptable. U S 

S - (Salisfactory) 
U - (Unsati sfaclory) 
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II RECOMMENDATIONS 

The bullnose barrier system described in thi s report was successfully tested for u 2000P 

pickup iruck subjected to a head-on impact. Based on the success demonstrated by the bu ll nose 

system in th is repon , it is recommended that the fi ve remaining tests for NCJ-IRP Report No. 350 

compliance be performed. The remaining tests using a 2000-kg pickup truck include: (I) Test 3-33. 

n 100 km/h i l1lp~c l at a nominal angle of 15 degrees on the tip of the barrier nose; (2) Test 3-35, a 

100 km/h impact .. t a nominal angle of 20 degrees on the beginning orthe Length-or-Need (LON 

): and (3) Test 3-39. a 100 km/h impact at a nominal angle a f 20 dcg on a point at the length of the 

terminal d ivided by two. The remaining tests using a 820-kg small car arc: ( 1) Test 3-32, a 100 km/h 

impact at a nomina l angle o r 15 degrees on the lip o flhe barrier nose; and (2) Test 3-34, a 100 km/h 

impact at a nominal angle or 15 degrees on the Critica l Impact Point (CIP). 
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Figure A-1. Graph of Longitudinal Deceleration, Test MBN-3 
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Figure A-5. Graph of Lateral Occupant Impact Velocity, Test MBN-3 
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Figure A-6. Graph of Lateral Occupant Displacement, Test MBN-3 



W6: Longitudinal Deceleration -Test MBN-4 (EOR-4} 

15~------~--------~--------~--------~--------~--------~--------~--------~------~ 

. 
. . . . 

~ t : : ; : : : i 
: • ' l : : : l 

10 ··- ··············!·····-············-··+·····················!···················--:···········-··········;···················•!•••···················:-···················!··················-·· 
0 t ~ 0 : : I ~ 

l 

s .. .... .. . .. ··~······ · ................ L·-··n· ···· ······ ····-~ ·-· ·······-·········i. ..................... ~ ..................... L .................... . 

1 
~ 1 1 1 " ~ ~If 1 

\1 ' ~ If\ I iN v A/\h A 

i ...... Y .... y... . .. --~--i . . . ... ~ ...... L.v··· .. .. .... _: . . .. . - .. t\J . --~--~ ·--~ .. ·A[V. ... ~ .. V. ..... \NJ 
: l l . . 

0 •.•.•..•....... 

v . . . . . . . 

. . 
··-·····:··············-··-··:······..--· . . . . 

• 0 

f t I 0 0 : ............... : .............. ··-····· ....... -:······· ·-. -· .......... ·:-··· ............ ... ................. :··· ..... ·····--- .... -···:- ··-······ -···-··-·· :···'" ................. . 
: : : : : 
• t • • 

: : : . 
.s ........... . 

. . . . 

. . . 
-10 oooooooooOoooo•• •• •••i•••••••OOoOooo o oooo oo+•••••••••oooooooo••••!•• • oo ooooooooooo oo ooo ~o ooo oooooooooo oooooo•of ••••••••• o .. •••••••••i• .. ••Ooooooooo•o•••••+•••••••••••••••••••••!••••••••oooooooooooooo 

I I ' : : o f 0 

0.0 0.1 0.2 0.3 0.4 0.5 0,6 0.7 0.8 0.9 

Sec 

Figure A-7. Graph ofLongitudinal Deceleration, Test MBN-4 
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Figure A-8. Graph of Longitudinal Occupant Impact Velocity, Test MBN-4 
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Figure A-9. Graph of Longitudinal Occupant Displacement, Test MBN-4 
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Figure A-1 0. Graph of Lateral Deceleration, Test MBN-4 
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Figure A-12. Graph of Lateral Occupant Displacement, Test MBN-4 



APPENDIX B 

STRAIN GAUGE DATA 

Figure 8-1. Strain Gauge No. 1 Data, St rain Da1<I, Test MON-) 

Figure 8 -2. Strain Gauge No.1 Data, Stress Data. Test MBN-3 

Figure 8-3 . Stmin Gauge No.2 Data, Strain Data, Test MBN-3 

Figure 8-4. Strain Gauge No.2 Data, Stress Duta. Test MBN-3 

Figure 8-5. Stra in Gauge No. 3 Data, Strain Data, Test MBN-3 

Figure 8-6. Strain Gauge No. 3 Data, Stress Data. Test MBN-3 

Figure 8-7. Stra in Gauge No. 4 Data, Strain Data, Test MBN-3 

Figure 8-8. Stra in Gauge No. 4 Data, Stress Data. Test MBN-3 

Figure 8-9. Strain Gauge No. 5 Data, Strain Data, Test MON-3 

Figure 8-\ O. Strain Gauge No. 5 Data, Stress Data, Test MEN-3 

Figure B-II . Strain Gauge No. 6 Data. Strain Data, Test MBN-3 
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Figure B-13 Strain Gauge No 7 Data, Strain Data, Test MBN-3 
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Figure B-14 Strain Gauge No 7 Data. Stress Data_ Test MBN-3 
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Figure B-15 train Gauge No 8 Data. Strain Data. Test MBN-3 
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Figure B-1 6. S!Iain Gauge No 8 Data. Stress Data,. Test .MBN-3 




