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1. . INTROD CTIO 

:BACKGROUND 

The Coordinated Fe-deral Lands Highways Technology lmprovemen£ Pr·og,ra.m (CTlP) 
was deve]oped to serve the in:unediate needs of those who desigtm and construct federal Lands 
Highways, itlcindill,g Indian Reservation roads., NatioruJJl Park roads and park'~~.rays. aad forest 
highways. A wide assortment of guardrnil.s, bridge rails, and transit]ons ar-e being used on 
roads 1.1nder the jurisdiction of ilie National Park Service and oilier Federal agencies. These 
guardrails bridge rails i and mrn.sitions ar·c intended to blend im wh:h the roadside tD preserve 
the visual integrity of the parks and p:rrl0.n,.·ays. However, many of them bave ueve.r been crash 
tested. n.z) A testing pTogram was developed to en-~ure that the safety ·bard\\'are used in th.ese 
areas are safe for tile traveUng pulb11c. The re..-;;earch r-eported herein describes the pe.rfommnce 
cval~ations of the five systems te...~ted under tile second Federal Highway Adn:Wlistration 
(FHWA) testing program -- Guardrail Testing Prograrn TI. Systems tested under this program 
include the. Stocl~Ba.c.ked Wood Rail to Bridge Ra.H Trnnsidon, tile Foothjlls Pat"kway Bridge 
Rail , the Steel-Backed Log GuardraH, the Natchez Trace Bridge Rai~ , and the George 
Vila.shington Me.morial Parhvay Steel Bridge Rai L. 

OIUECTIVE 

Tile objectJve of this research project \\!'as to evaluate tile· safety performmcc of the fi vc 
systems mentioned above. Any desi&O modifications required throughout the courSJ.= of these 
e.valuations were made by engineers with F~·A's Eastern Federal Lands Highway Division. 
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2. TEST CONDITIONS 

TEST FAC.aiTY 

The Midwe;st Roadside Saf~ty Faci.licy's ourdoor test site is locarcd ar the Lincoln Ajr­
Park onlht; northwest end of lh.c Lincoln MunicipaJ Airport. llle test fadl ity is approximately 
5 mi {8 krn) northwest of tbe Univcrsicy of Nebraska-Linc.oJn. The s[tc is surrounded and 
protected by an 8-ft (2.4 ro) bigb cbajn-link se~·urity fence. 

VEffiCLE TO\V ;n GUIDANCE SYSTEl\1 

.A reverse cable \0\'r sy s.tern wirth a 1 ; 2 mr:chanica I ad vanLagc was n~ed 10 propel the 
Lest vehicle. 'l11e distance traveled and the speed of the lOW vehicle are one-half r.hat of tbe test 
vehicle. The test vt:hick was released (rom the mw cable lxforc nmpacr with ili~ 
appurtenance. A fifth wheel. buill by N uc.leu.~ CQrporarion, w·as used in conjunction whf! a 
dig ita 1 speedometer Lo increa.se r11e accuracy of the rest vebiclt: impact speed. 

A vehicle guidanoc system developed by Hinch was used to steer the [est vch.ic1e .L'!J 
The guide-flag, auachcd to the fro t-lefl 'rvhecl and the guidt; cable, was she.aretl off before 
impact. The 3/C:-in (95 mm) d;a.meler guide cable wa~ tensioned to approxima.tel)' 3,000 lbs 
(13.3 kN), and supported :laterally aod v·crticaHy every 100 ft (30.5 m) hy llinged stanchions. 

TESTVEillCLE 

All of the vehicles used in lhis t<:s[ing program wen: aligned for camber, caster . and 
roe-in values of zt.'fo so that the vehicle would crack properly along the guidan<;e cable. The 
der:ails of the vehicles used for ~ach tesr arc. pre.."'iented in tht: indivrdual test des<!riptions and 
appendix B. 

Black and white checkered targets were plac~d on the te."it ""e hicle for u:sc in the high­
spetd ftlm analysis. Two targ~ts were locar.ed on IDe: center of g:m vi t}' . one on the top and one 
on Lhe drh·er"s side of Tb~ lest vehicle. Additional targets, v2sih~e from all external hi~h speed 
cameras ·were locared for reference. Two 5B fiash bulbs. fired by a pressure tape swioch on 
lhc front bumper. were muuntcd on the roof of each vehicle to estab 1 ish the ti.mc of impact Oil 
lh~; hicrh-speed film. 

DA'I'A ACQUISITION SYSTEMS 

Acceierom ctcrs 

For the earlier [ests in this program, two triaxial piezoresis11:~ve accelerorru.!ter s.ysrenL"i 
with a range of ± 200 g's (Endevco Model 7264) wen~ used to mea...mre vehicle accclemtloTL"i . 
The accelerometers were rigidly attached to an alumimun block mounted near the vehicle's 



cente of gravity. Accelerometer signals wc·rc received and conditioneti by an onboard Series 
300 ~1ultipiexed FM Data System built by :Metraplex Corporation. The multiplexed signal 
was th<::n transmitted to a Honey\li·eH 101 Analog Tape Recorder. Computer soft\ are EGA.A. 
and DADISP were ·used to di,g iti;r.e, analyze. and plot the acccleromctt!r da[a. 

During this program. tlle :Mid west Roadside Sat'ety Facility (Ivl w RSF) pliTchascd a 
second trraJ{ial piczore!)isl.iJve accelerometer systenl with a range of ±200 g ' s. to measure the 
acceJeration in the longitudinal~ lateral. and vert1cal d i ra::tion.~ at a sample rate of 3, 200 Hz. 
The environmental shock. and ,.•1bration sensorl·rec()rder system. }vfod.el EDR-3, was configtJred 
whh 256 Kb of R.AJ.1. and a 1.120 Hz ftlter. Computer sofu:vare, Dyoo11ax 1 (DM-1} and 
DAniSP were used to digitize. analyze . aad plot the acceJerometer data. This system was 
use:d in conjunction with the pre\' ious sysrem. for tbe majoriry of the tests in thls progrdill. 

Rate G}TO 

A Hump:hrey three-axis rate transducer whh. a range of 250 deglsec in ,each of the thn .. '"C 

d!rections (pitch, roll~ aJld yaw} was used to measure the rotationaJJ rates of the te..~t vehic1e . 

tligh Speed Pbotography 

Four to six high-spoe<;l 16-lntn cameras operating at :500 frames/sec were used ro fiJm 
the crash tests. A Red Lake Locarn with a 12 .5 -rnm ]ens was placed above t.he test j ns.tall at;on 
to provide a field of view perpe·ndiClJlar to the ground. A Photec N , w]th an 80-l.UDl lens, was 
placed downstream from the impact point and had a field of view parallel to the barrier . A 
second Photec IV with a 55-:rnm. lens, w~s placed on the traffic side of lbe bridge rail and had 
a fie ld of v [ew perpendicular ~o the barrier . .~ J-J i~G Red Lake Loc.am w ~ili a 5 .7-[I}j)\ len.~ was 
placed onhoord the vehicle to r,ecord durnmy motions during the test . Additional high speed 
cameras were p laced behind fue rail in some test-; to a[d in evaluation of the veh icle/ rail 
irlteraction. A white-colored 5-ft by 5-fi (1.52-m by 1.52-m) grid was painted on the concrete 
in front of the rail and in thr; \•iew of the overbead camera. This grid provided~ v isible 
reference system to usc in the analysis of the overhead high-spct:d film. The f.ilin was analyzed 
~sillg a Vanguard Mot~on A.nalyzer. 

Speed T irap 

Se\•en pressure rnpe sw~tches., spaced at 5-ft (1.52-m) intervals . were used to determine 
the spct.-d of t.be \'ehicle before impact. Each [ape switch fired a strobe light. and sent an 
electronic. timing n1ark ro the data acquisition sys.[em as the Jeft front tire of lht: fest vehmcle 
pas .. '1ed over il. Test vehicle speeds were determined from electronic timing rn.ark data 
recorded on EGAA software. Strobe lights a.nU high-speed film a.oolysis wc:rr: used onty as a 
backup in the event that vehicle speeds c:.ould not be detemtined from the electronic darn. 
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3. STEEL-BACKED '"700D RAil. TO BRIDGE RAlL TRANSITIO); 

TEST INST . .t\LLATION 

Photographs of the Steel-Backed Vlood Rail to Bridge Rail Transition arc shown tn 
figure 1. Plan drawings of the original system. as w.eu as the subsequently modined systetns, 
arc presented in appendix A. The approach ran consists of 6-in by 10-in by 9-ft 11- in (1.52 
mrn by l54 mm by 3.04 m) tin1ber, backed w itl1 %-irl (10-mm) ASTM A588 steel plate. This. 
plate is attached lO the hack of the timber rail with ~/s-in by 4-in (16-mm. by 102-mrn) r\STJ\{ 
A5B8 lag ~crews . The splice dern.ils vary as shown in the pJan drawings. One of the major 
design changes throughout the evolution of this :system v.ras the stiifelling of thr: first spl ice 
lo•cation. This splice originally consisted of one o/s-in (10-mm.) plate fastening the rails 
together and was. eventually m.odi ned to mncJude a 5-in by 4-in by Yl-m ( 152-mm by 1 02-rnm 
by 13-mm) srrucrural robe. 

The rail was blocked Ol.H and mounted on 10-in by 12-in by 7-fr (254-mm by 305-mm. 
by 2 .13-rn) ri.rnl>er posrs for the first t~t. but the length of the fir st three posts were increased 
to 8 fl (2.44 m) for the cenl.aillring resrs. The rail was attached to the flared c.oncre~e abutme.ilt 
with four ~ -in by 2-fr (19-rrun by 610-mm) A588 carriage bolts and a o/a.- in (10-mm) bearing 
plale . 

TEST CRITERIA 

T he tests performed on this system were conducted, reponed. and evaluated in 
accordance with requirements for guardrail to bridge. rail transitions spec it1ed j o the National 
CoopeTative Highway Research Program _ CI £RP) Report No. 230, Recomm.ended 
Procedures for tlze Safety Peifonnance Ji.vatuarion nf Highway Appunenances . Hl 'This criteria 
requires that a 4,500-Lh (2,043 kg} sedan impact rhe transtdon at 60 mi/h (96.6 km/h) and 25 
degrees. Barrier VTI computer simulation was ru;ed to determine the critical impact point 
(CIP) wh rch was midway behveen the. third and fourtl'l posts frorn the concrete bridge 
abutment, or 17.5 ft (5 .33 m) from tl1e attachment point between t11e rail and the concreLe 
abutment . m The vehicle damage. was assessed b}r the traffic aeddent scale (TAD) and the 
ve11 icle damage i ooex ( v~DD . C6-1'J 

TEST VEIDCLES 

The [est vehicles used in. tlle e aluation of lhis system are summarized in table 1. The 
pretest vehicle dimension and photos can be seen in appendix B. 



Table I. Test Vehicle Swnmary, SBT Series. 

Test No. Vehicle Test Inertial Weight 

(lbs) (kg} 

SBT-1 1985 Ford LTD 4,300 1,950 

SBT-2 1984 Buick LeSabrc 4,456 2,021 

SBT-3 1985 Ford LTD 4,496 2,039 

SBT-4 !985 Mercury Grand Marquis 4,668 2,117 

SBT-5 1985 Ford LTD 4 ,500 2,043 

Figure 1. The Steel-Backed Wood Rail to Bridge Rai l Transition. 
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Figure 1. The Steel-Backed Wood Rail to Bridge Rail Transition (continued). 
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TEST RESULTS 

Test SBT-1 

The 1985 f ord J TD impacted. tfue S[eel-liacked Wood Rail to Bd dge H.ail Transirion at 
6 1.7 mi/h (99. 3 knllh) and an angle of 25 .0 de~rees . As sho·wn in figure 2, the target impact 
poim was located 17.5 ft (5. 33 m) upstream of the concrete barrier attachmem and mid way 
between the third and fourth post.,_ A summary of lhe te-st rcsult'i- and sequential photographs 
a_re shown in figur~; 3. and additioDal sequential photos are pre-sented in figure 4 . 

Upon impact with tlle .steel-backed wood rail, tlrle right-front comer of the vehicle 
began to crush inward. As the C-Ollis.ion continued, the wood rail deflected considerably. with 
the maximum dynamic deflection of 13 in (130 mm) occurring at post no. 1 a.L 130 ms. At 
133 ms, the vehkle impacted the end of the concrete abutment resulting in major da.rn.age to 
the v·chicle:. ApproxirnmeJy 16 7 ms after impact, the buckling of tlle vehicle roof be cam~ very 
evident. At 204 ms after impact, the veihicle bt,"Camc parallel to th,e system, and at 439 ms. it 
exircd the barrier at an angle of 17.5 degrees. The vehicle carne to rest dOWilStream and 
behind the rail as ~hown in. figure 5. 

Darnage to the vehicle. \vruch can be seen in figure 6, inch.Kled major crushing and 
deforma~ton of ~he right from comer of the vehicle. as well as buckling of the ,...,chicle roof. 
·r he eDtire from llalf of Ole vehicle was bent slightl>r toward the driver··s silc . Interior 
occupant compartrnenL damage included buck~ing of the tloorboard on the passcngcr ~s side, a.~ 
wen as buckling of the dash. The maximum crush deformation of 17 in (492 mm) is shown in 
figure 7 . 

Tile damage to the system shov.rn in figures 8 and 9 consisted of a mal:imum 
permanent set de-formation of 11.25 in (286 rum) at posT no. 1. A flexw-aJ failure occurred in 
the fliSt timber rail section approximate1y 4. 5 ft ( 1. 37 m) from the do,vnstream ·end of tbe 
rail . The 8-in (203-mm) inside drameter (l.D.) pipe located between the first rail and the 
concrete abutment was completely flattened. There \Vas evidence of vehicle snagging at the 
splice between rail nos_ I and 2. as shee[ metal from the vehicle was embedded in the end of 
rail no. 1 . There were continuous scrapt: marks along tile face of the ·rail from the point of 
impact to ex rt as well a.') mmpac[ markings on the concrete abutment. 

The normalized Jongitudi nal and lateral occupant impact vcJocities as detem1ined from 
the accelerometer data were 33.3 ftls (10.1 mls) and 20.4 ftls (6.2 mls) . respect]vely. 1 he 
maximum occupant rtdedo·wn decelerations \\'ere 13 _ 8 g • s (longitudinaW). and 16.2 g • s (lateral). 
'fhe ac~elerometer data from this Lest is :presented in appendix C . and the re..sults of this 
analysis are summarized in fl.gure 3. 

ll\e impact witb the end of the concrete abutment c.aused exces sive occupant 
compartme.m defo rmation. which re!iultcd in the failure of th~s te..-:;t. It was determined that the 
stiffues.~ of' the steel-backed wood rail was inadequate a~ it deflected considerably , allowing the 



vehicle to impact the end of the concrete abutment. The system was redesigned by Eastern 
Federal Lands Highway Division engineers for the next test by increasing the length of posts 
nos. 1, 2, and 3 from 7 ft (2.13 m) to 8 ft (2.44 m). The 8-in (203-mm) I.D. pipe spacer 
between the rail and concrete abutment was replaced with an angled block of wood to restrict 
the deflection of the first rail. The splice between the first and second rails was stiffened by 
adding a second % -in (10-mm) backup plate. The bolts at this splice were moved closer to the 
pose and increased i.n numue1 f10111 8 lu 12. The dela.il~ uf !hese design changes are presented 
in the plan drawings in appendix A. 
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Figure 2. Impact Location, Test SBT-1. 
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Impact 

Test Number ... .... . . .. .. . 
Federal Contract No. 
Date .. . . . ... ... . ... . 
Installation .. ........... . 
Transition 
Aprtroach Guardrail 

Length . ... ... ... .. . 
Height ..... .. . •. ... 
Material 

Post .... .. .... .. 
Rail 

Vehicle Model 
Vehicle Weiglu 

Curb 
Test Jnertia 
Gross Static 

61 ms 

SBT·l 
DTFH71-90·C·00035 
9120191 
Steel-Backed Wood Rail to Bridge Rail 

son 
2 rt • 3 in 

IO·in by 12-in by 7-ft timber 
6-in by JO-in by 9·ft 11.5-in timber 
1985 Ford LTD Crown Victoria 

3,880 lbs 
4,460 lbs 
4,300 lbs 

Figure 3. Summary of Test SBT-1. 

153 IllS 204 ms 306ms 

Speed 
lmpuct . .. . . .. . .. . . .. ... .. .. . . . . 61.7 mi/h 
Exit .. • .. . .. • .. • .. . . • .. . . . .. . .. 25.6 mi/h 

Angle 
hnpact . .. . .. . . . . . . . . . .. ... . ... . 
Exit .. . .. . .. . . . . . .. . . .... . .. . . . 

Change i11 Velocity .... . . .. . . .. . . .. . . .. . . . 
Normalized Occupant Impact Velocity 

Longitudinal . . .. . .... . .. . . . .. . . . 
Laternl .. . .... . . . . . . . . . . . . .. . .. . 

Occupant Ridedown Deceleration 
Longitudinal .. . ... . .... . .. .. . . . 
Lateral • , . . . , . . .. . , . . • . , ....... . 

Vehicle Damage 
TAD .. . 
VDI 

Vehicle Rebound Distance . . . 
Guardr:~i1 Dam<lge 
Maximum Oenections 

Penn anent Sel . .. . .. . . . .. . .. . . .. . 
Dynamic . . .. . .. . ... . . . . . . .. . 

25.0 dcg 
17.5 dcg 
36. 1 milh 

33.3 ftls 
20.4 0/s 

13.& g's 
16.2 g's 

I· RFQ-5 
OIRFE$7 
16 n. 7 in @ 7C n 
Minor 

11.25 in@ post No. 1 
13 in@ post No. I 

Conversion r=-actors: I in• 2.54 em; I lb= 0.454 kg 
I ftts = 0.3048 nlis 
I mi/h = 1.6095 km/h 



Impact 

30ms 

45ms 

70ms 

Figure 4. Downstream Sequential Photographs, Test SBT-1. 
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100 ms 

130 ms 

!60ms 

200ms 
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Figur e 5. Vehicle Trajectory, Test SBT-1. 

13 



-

Figure 6. Vehicle Damage, Test SBT-1. 
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Figure 6. Vehicle Damage, Test SBT-1 (continued). 
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['~1gur-e 7. Crush Depth Diagram . Test SBT -1 . 
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Figure 8. System Damage, Test SBT-1. 
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Figure 8. System Damage, Test SBT-1 (continued). 
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Figure 9. Damage at first splice, Test SBT-1. 
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Test SBT-2 

For chis test, the system was modified as described in the previous section. These 
modifications are shown in figure 10, and details can be found in the plan drawings in 
appendix A. The 1984 Buick LeSabre impacted the system at 61.1 mi/h (98.3 km/h) and 26.5 
degrees. The in1pact point was located midway between the third and fourth posts from the 
concrete bridge abuonent, as shown in figure 11. A summary of the test results and sequential 
photographs are shown in figure 12. Additional sequential photos are presented in figure 13. 

Upon impact with the wood rail, the right front corner of the test vehicle began to 
crush inward. Rail no. 2 began to deflect shonly after impact, bm the wood spacer block 
between the concrete and rail prevented rail no. 1 from deflecting. As a result of this 
significant difference in stiffness, the splice between these rwo rails yielded, and 110 ms after 
impact the first rail speared into the vehicle. The vehicle never became parallel to the rail , 
and it exited at 450 ms as irs center of mass was traveling at an angle of 17.3 degrees to the 
barrier. The snagging at the first splice resulted in major vehicle and occupant companment 
deformation, and the sedan was brought to a complete stop shortly after it exited the rail, as 
can be seen by its frnal resting position shown in figure 14. 

The damage to the vehicle was substantial as shown in figure 15. The entire front-right 
portion of the vehicle was crushed and pushed back toward the occupant compartment. The 
firewall and floorboard were pushed backwards and up on the passenger's s ide , and a section 
of the wood rail penetrated the firewall on the extreme right hand side. The windshield wa~ 

broken and the roof of the vehicle was buckled considerably. The maximum vehicle crush of 
31.5 in (800 rom) is shown schematically in figure 16. 

Damage to the steel-backed wood rail was considerable as can be seen in figure 17. 
The upstream end of rail no. I was damaged as the vehicle snagged on it, and the splice plates 
between rails no. 1 and no. 2 were bent significantly. There were marks along the face of the 
rail and concrete abutment throughout the length of contact. 

The normaliz.ed longitudinal and lateral occupant impact velocities for chis test, as 
determined from accelerometer data analysis , were 35.1 fils (10.7 m/s) and 21.0 fils (6.4 
m/s), respectively. The maximum occupant ridedown decelerations were 18.1 g's 
(longirudinal) and 22.1 g 's (lateral). The accelerometer traces from tl1is test are shown in 
appendix C, and the results of this analysis are summarized in figure 12. 

Two of the systems design flaws became apparent as a result of this test. The first was 
that the wood \)lockout between the wood rail and concrete abutment made the first rail section 
much too stiff, resulting in the snagging problem at splice no. 1. The second observation was 
that the steel splice plates did not provide adequate strength for th.e splice between the first and 
second rail. Thus, two design changes were incorporated by FHW A engineers into the next 
des ign in an effort to alleviate these problems. 

20 



First, the angled wood blockoHC belwccn the steel-backed rail and the concrete 
abutment was replaced with a 6 in (152-mm) diameter pipe. Secondly. the two 316-in (10-mm} 
splice plates at post no. 1 were replaced with a 3-ft (0.91 -m) Length of 6-in by 4-in by lh-in 
( 152~mn:l by 102-m m by 13-mrn) s true Loral steel tube. The details of these design changes can 
be fou nd in appendix A. 
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Figure 10. Design Modifications, Test SBT-2. 
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Figure 11. Impact Location, Test SBT-2. 
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Impact 

Tc:..-::1 Numhet .... .. .. .. ... .. . 
Federal ContraCI No. . ... .• • . . • 
Date 

110 ms 

SBT-2 
DTfH7 L -90-C-00035 
4/3/92 

Installation .. . .. •. ... • . .. ... Steel-Backed Wood Rail to Bridge Rail 
Tr;.liiSition 
Approach Ouard1·ail 

Length . _ . .. . .••• . •. 
Height 
Material 

Posts L-3 ... . . ... • 
Posts 4-& .... •• ... 
Hail 

Vehicle Model 
Vehicle Weight 

Curb 
Te-sl Jnerlia . .. ... .. . . 
Gross Static .. .. ... •• . 

son 
2ft-3 in 

10-in by 2-in by 8-fl timber 
LO-in by 12-in by 7-ft timber 
6-:n by 10-in by 9 fl L L 11>-in timbeo· 
L 984 Buick LcSabre 

3,770 lbs 
4,?16 lbs 
4 ,~56 Lbs 

Figure 12. Summary of Test SBT-2. 

170 ms 

Angle 

400 ms 

hnpact . . . . . • . . . . . . . . . . . . . 61.1 mi/h 
Exit . . . . . . . . . . . . . . . . . . . . . 8.4 milh 

Impact . _ . . . • • .. ....... _. . 26.5 deg 
Exit . . . ..... .. .. ... ...... L7.3 deg 

Change in Velocity . . . . . . . . . . . . . . . . . . 52.7 mi/h 
Normalized Occupant Impact Velocity 

Longitudinal ... . . . . ... .. _ . . 35. I fl/s 
Lateral . . _ . . ... _ .. . ... . _. . 21.0 fl/s 

Occupam Ridcdown Deceleration 
Longitudinal . . . . . . . . . . . . • . . 18. I g 's 
Ulteral . . • . . . . . . • . . . . . . . . . 22.1 g 's 

Vehicle Damage 
TAD ... ... .. . __ .. .. .. _. . L-RFQ-7 
VDJ . ... .... ... ... . ...... OIFZE.S5 

600 ms 

Vehicle Rebound l)is~ance ... ... .... . . . 4ft- 6 in@ 15ft 
Guardrail Damage . . . . . . . . . . . . . . . . . . Substanlial 
Maximum Deflections 

Permanent Set . . . . • . . . . . . . . . 4.75 in between posts 2 & 3 
l)ynamic .. . _ . ... . __ .. . . . _ _ 10.4-in@ post No. 3 

Conversion Factors: I in ::= 2.54 em: l lb:::0,454 kg 
I ft/s = 0.304& m/s 
I mi/h = 1.6095 km/h 



Impact 

60 ms 

120ms 

200ms 

Figure 13. Downstream Sequential Photographs, Test SBT-2. 
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280 ms 

380 ms 

500 ms 

700ms 
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Figure 14- Vehicle Trajectory, Test SBT-2. 
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Figure 15. Vehicle Damage, Test SBT-2. 
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Figure 15. Vehicle Damage, Test SBT-2 (continued). 

28 



I 

r 
I 
J 

=~ = \ - ---l 

r 
r 
J 
) 

J 
( 

\ 
\ 

' ' \ 
\ 

' \ 
* I 

J 
I 

\ 

( 

I 
J 

FigUTC 6. Crush Depth Di~grarn ... Tes[ SBT -2. 
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Figure 17. System Damage, Test SBT-2. 
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Figure 17. System Damage, Test SBT-2 (continued). 
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The desi~rl changes discussed illlhc prcviou..-q secUon are shown in figlJre 18. and were 
impkmenred for this [tSL The des3g.u deta~ for the ~ystem lested arc shQwn in appendix A. 
For this test, a 1985 Ford LTD impacted the. system at 62.0 Illi/h (99 _ 8 km/b) and the 25 .8 
degrees . The impact point was loca[etJ midway between the third and fourth posts from the 
concre~e bridge abutment, as shown in figure 19 _ A SUlllmary of the test res~lts and se:qJUenUal 
phor.ograpbs arc shown in figure 20. Additi<ma1 sequential photos are presented in figure 21. 

Upon impact wid3 tbe wood rail. the r~gbt-frout comeT of the test vehicle was crushed 
inward and the wheel \\'aS forced under tile rail and back toward the pose This rcsuited in 
consid~rablc tire snagg1ng on posts nos_ 1 and 2. which pushed the wheeJl back against t11e 
flre,va11 and resulted .in significant deformation of the occupant compartment. The vel~cle 

be~arnc parallel ro tJ1e sJ str.m at 212 ms. and exiced at 343 ms and 5.8 degr\:es.. The rnaximurn 
dynamic deflecHo.n of this system was limited Go 6.4 in (163 rnm) at pOS[ no. 3, and tllere was 
no problem with the vehicle impacting the end of r.he concrete abutment. The final resting 
position of tl e vehicle was downstream and behind the rai:l, as seen in figure 22. 

The vehicle damage, shown in figure 23. coruisr.ed of the cru.sru.ng of the from-right 
corner of the \'ehiclc as weH as scrapes and dents continuing down the ·side to the rea wheel 
assembly. The lire was torn off tbe front-right wheel, and lhe rim was bent. Occupant 
c.omp.artrnent damage included buckling of r.hc floor on the passenger Is side of the vehicle. a~ 
well as buckling of the da.."lhhoa d. The maximum crush defonna[ion of 13. i5 in (349 mm) is 
shown schema[ically in figure 24 .. 

Damage to the system, shown ill figure 25, consisted of minor scrapes along the f~ce of 
the rail. culd significant gouges in post nos . 1 ami 2. There were oruy minor tire marks 
evident on (he concrete abutment. The .tnaXimum pem1anent set deflection of the rail was 2.5 
in {64 rnnl) , which occurred ~t post no. 2. 

The normal ~7..ed Jongirudi.n.atl and lateral occupa ot impac t ,.-eiocitic~. as determiued from 
.high-speed film an.alysis. were 23. 1 ftls (7.0 m/s.) and 25.2 ft/ s (7.7 rnls) , respectively . Tbe 
maximum occupant r idedown decelc.nitions \vere 2.5 g Is (longitudinal) and 15.0 r • s (Jateral). 
The results of this analysis are summarized in figure 20. 

The change .iln the splice detail appears to have improved the performance of the system 
considerably. as the rail dc.flccrion was greatly reduced. This resolved the problem of 
impacdng the end of lhe concrete abutment, but produced a new problem where the front 
wheel was now forced under the rail and snagged on post nos. 1 and 2. T ire marks on the 
posts indicated that a maximum smg of 5_5 in (140 rnm) occurred at po~t no. 2. To remedy 
this problem. a 4-i.n (102 mm) deep blackout was added Co posr no. 1 and lbe 4-in (102 mm) 
blackout at post nos. 2 and 3 were increased to a depth of 8 in (203 mm). The derails of these 
desi~ changes can be seen im\ appeudi.x A. 
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Figure 18. Design Modifications, Test SBT -3. 
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Figure 19. Impact Location, Test SBT-3. 
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Impact 80 rns 

. ' 

Tes~ Number ..••••...•.... .. SllT-3 
DTFH71·90·<>00035 
S/4193 

Feder.>! Contrac1 No. • ••••••• .. 
Dare 
lnSiallation . . . . . . . . . . . . . • . . . Steel-Backed Wood Rail to Bridge Rail 
Trnnsilion 
Approach Guardrail 

Length . • • . . . . . . • . . . SO ft 
!Ieight . • • . . . . . . • . . . 2 ft - 3 in 
Material 

PosiS 1·3 .... .•.. . lO-in by 12-in hy 8-f11imbcr 
Posts 4·8 . . . . . • . . . lO·in by 12-in by 7-ft timber 
Rail ..... .... .. . 6-in by IO·in by 9·11 • 111/> ·illtimber 

Vehicle Model . . . . . . . . . . . . . . 1985 Ford LTD 
Vehicle Weight 

Speed 

Curb .......... ... . 3,940 lbs 
Test Inertia .... ..... . 4,496 1bs 
Gro« Sutic •.....•.. . 4.6561bs 

Impact . . . . . . . . . . . . . . • • • . • 62.0 milh 
Exit . . . . . . . . . . . . . . . . . . . . . 40.8 mi/11 

Figure 20. Summary of Test SBT-3. 

160 ms 240 IllS 340 rns 

Angle 
lmp:ICt • . • • . . . . . . . . . . . . . . . 25.8 deg 
Exi1 . . . • . . • . . • . . . . . . . . . . . 5.8 deg 

Cl1ange in Veloci1y . . . . . . . . . . . . . . . . . . 21.2 milh 
Normalized Occupallllonpact Velotily 

Longiwdinal ..•...••.. ..... 23 .1 f1/s 
Lateral •....•• ... .••. .. . .. 25.2flfs 

Occupant Ridcdown Occelera~ion 
Longitudinal . • . . . . . . . . . . . . . 2.5 g's 
b tcral . . . . . • . . . . . . . . . . . . . 15.0 g's 

Vehicle l)nmage 
TAO . . . . . • . . . . • . . . . . . . . . 1-RFQ-5 
VOl • . . . . . • . . . . . . . . . . . . . . 01RYES2 

Vehicle Rebound Distance . . . . . . . . . . . . . 4 fl - II il @ SS ft 
Guardrail Damage ..... , . . . . . . . . . . . . J\{inor 
Maximum DcOeelions 

Perlll3ncnt Set . . . . . . . . . . . . . . 2.5 in@ post No. 2 
D)·namic: • . . . . . . . . . . . . . . . . . 6.4 in @ post No. 3 

Conversion Factors: I in~ 2.54 em: I lb= 0.454 kg 
I ftls • 0.3048 m/s 
I mill> ~ 1.6095 km/h 



1m pact :t4Ums 

60ms 300ms 

120 ms 360ms 

180 ms 440ms 

Figure 21. Downstream Sequential Photographs, Test SBT -3. 
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Figure 22. Vehicle Trajectory, Test SBT-3. 
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Figure 23. Vehicle Damage, Test SBT-3. 
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Fignre 24. Crush Dt.~th Diagram. les.[ SBT-3. 
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Figure 25. System Damage, Test SBT-3. 
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Figure 25. System Damage, Test SBT-3 (continued). 
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T~1 SJ3'f-4 

The design changes. discu..~.sed hl me prevjou.s secdon we~e incorporated into the system 
for this te~t. Th~e change-s ean be seen ill fig\lre 26. and the design details are pn:;;Scntcd in 
appe1\rl iX A. A 19S4 Mercury Grand MMC!Uis impacted the system a[ 60.0 milh (96 . .5 kml b) 
and 26.2. degrees. The imp au poilu was lotilJted mid .~y becweenthe r.b.ird and fourth posts 
from the concrete bridge abutment as shown in figure 27. A summar.Y of lh~ tt:St results and 
sequemial photographs are sho,vn in figure 28. Additional seq ut:nriaJ 1Jhotos arc shown in 
figure 29 . 

The resuJts of Lhis t~;s.t were :sinri.lar to Test SBT-3 in tllat as Utt; right from corner of 
lbc v~;hidc was. crusbt:d. upon impact, the whcd was_ forced under the rail and contacted t.Dc 
posts. This snagging resulted in considerable oet.Lip:mt compartment deformation even though 
the firsr: three po.sts had been offset an additional 4 in ( 1 02 mm) using blockouts . After this 
snagging occurred the vehicle became parallel to the system at 246 ms and rhcn exited t.hc 
system at 357 ms and an angk of 4.0 degrees. The fmal resting position of the \:chicle is 
shO\vn in figure 30. 

The damage to tlile vehicle, shm:vn in figure 31 consisted of deformation of the front­
right co·mer of the vehicle., \Vhlch continued down the pass.-cngcr sit.lc of the vehidc as scrapes 
and dents;. The front-teft tire: was removed from the rim, and the front b1.m1pcr was pu.sbiXI 
tQward the left away from me longimdmnaJ cemterline of tbe vehicle. The entire front end of 
the vehicle was. pusi;Je.d towar-d the left side., and the roof \\'as buckled. Interior occupant 
compartme[lt. damage consisted of huckHng of me floorboard on the pa£senger side and the 

from dashboard. The m.ax.wmrn crush d-efom."Laiion ·Of 13.75 in (349 mm) i ~ shown 
Scllema~i~H}' m figure 32 . 

Damag.e. to mce system, shown in fi~re 33 consisted of scrape-s and gouges along the 
face of Lhe rail from the impact point ro the rnidspa n of the first rail . The spacer pipe between 
the rail md concrete abmnlenl was defomted slightly, and tbe soil was gonged c-Ons)derabl)f ~n 
front of post nos. 1, 2 . and 3. 1'.·1arkings on rhe posts lnd tC~(ced that the vehicle snagged 
approximaJely 1 in on posts no . 1 and 3 in on post uo . 2. 

The no1111alized longimdinal and. l ~reral occupam impact velocities for this tesl, as 
determined from accelerome[er data analys is, were 18.-8 ff/s (5. 7 m/s) and 23.9 ft/s (7 .3 r.rn/s), 
respectively. T he maximum occupant rLdedown decelernlions w.ere 6.2 g's (longitud]nal) and 
16.7 g' s (lateral) . Tbe accelerometer rraces room lhls test are shown in appendix C, and the 
re:sult.s of lhis analysis are sumnu.riz.~ in ftgure 23. 

IL was obvious from tl1e re..::ult.;; of this t~t that tile additional 4 in (102 mm) of blackout 
was no[ sufficient (0 eliJll ~llace the snagging or reduce ~t to a rolerab1e amount . l t \Vas. dccmt.-d 
impractic~l to extend ~he blockout beyond 8 in {203 mm), so it. wa~ decided. to add a rub rail to 
the sy·stem lO reduce [he snag potemiaL .A. 4-jn by 6 in by n -ft 6 in (102-mm by JJ.52-mm by 
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3.55-m.) wood rob rail was attached to p()S£ nos. 1. 2. and 3 for t.ht: next te~t. 111e deta~ls of 
this design change c.:.an be found in appendix A. 
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Figure 26. Design Modifications, Test SBT -4. 
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Figure 27. Impact Location, Test SBT-4. 
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Impact 

... 
..... 

80 ms 

• 

Test Number . . . . . . . . . .. .. . . . SBT 4 
f'<:deral Contract No ........ ... DTFH71-90·C-00035 
Date ...•...•... _ . • . . . . sn1t94 
Installation . . . . . . . . . . . . . . . . . Steel-Backed Wood Rail to Bridge Rail 
Transition 
App•·oach Guardrail 

Length . • . . . . • • . . . . . 50 ft 
!Ieight .. .. .. .. . .. .. 2 ft - 3 in 
Mmcrial 

Posts 1-3 . . . • . . . . . JO-in by 12-in by 8-n timbe•· 
Posts 4·8 . . . . . . . . . 10-in by 12-in by 7-l'ttimbcr 
l~oil . . ... ... .. .. 6-i11 by 10-in by 9 fl - I I 'h- in timber 

Vehicle Model .... .. ........ 1984 Mercury Grand Morquis 
Vehicle Weight 

Speed 

Curb ..•....•... ..• 3,910 lbs 
Test lnenia ...••....• 4,668 Jbs 
Gros.< Static •.... _ . . . . 4,508 lbs 

lmpoct . . . . . . . . . . . . . . . . . . . 60.0 milh 
Exit . . . . . . . . . . . . . . . . . . . . . 43.3 milh 

Figure 28. Summary of Test SBT-4. 

160 ms 280 ms 400 ms 

Angle 
lmp:l<t • . . . • . . . . . . . . . . . . . . 26.2 deg 
Exit . . • . . . . • • • . . . . . . . . . . . 4.0 deg 

Change in Velocity . . , . • • . . . . . . . . . . . . 16.7 mi/11 
Normalized Occupamlmpact Velocity 

Longitudinal . . . . . . . . . . . . . . . 18.8 fl/s 
Lateral . . . . . . . . . . . . . . . . . . . 23.9 fl/s 

Occupam Ridedown Deceleration 
Longitudinal . . . . . . . . . . . . . . . 6.2 g's 
Latet·al . . . . • . . . . . . . . . . . . . . 16.7 g's 

Vehicle Otunage 
TAD ... .... .. . • ..... , . . . 1-RFQ·S 
Vl) l . . . . • . . . . . . • . . . . . . . . . 01RYES2 

Vehicle Rebound Distance . . . • . . . . . . . • . 5 fl - 7 in @55 ft 
Guardrail Damase . . . . . . . . . . . . . . . . . . Minor 
Maximum Oeneccions 

Permanent ~ . . • • . . . . . . . . . . 1.5 in @post No. 3 
DynamiC . . . . . . • . . . . . . . . . . . 8.9 in@ post No. 3 

Conversion Factors: 1 ina 2.54 em: I lb= 0.454 kg 
I fl/s = 0.3048 m/s 
I milh = 1.6095 km/h 



Impact 240ms 

.. 
rA 

- l: 

60ms 300 ms 

120 ms 

i: 

180 ms 

Figure 29. Downstream Sequential Photographs, Test SBT-4. 
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Figure 30. Vehicle Trajectory, Test SBT -4. 
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Figure 31. Vehicle Damage, Test SBT-4. 
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Figure 31. Vehicle Damage, Test SBT-4 (continued). 
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Figure 32 .. Cmsb Depth Diagram. Te!~tt SBT 4. 
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Figure 33. System Damage, Test SBT-4. 
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Figure 33. System Damage, Test SBT -4 (continued). 
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1 o eliminate the whee1 snagging observed in the previous test. a rob rail '''as added to 
the sysrem. as sbown in tlgure 34 and appendix A. 'I he 1984 Ford LTD impacted tht! system 
at 58.6 miih (94°3 kn1/h) and 24.8 degrees. The impact point was located midway bccwel!Il 

the ~h~rd and fourth ·posts from the, coucre.teo bridg~; abutment as sbown in figur-e 35 0 A 
swrunary of the test result-.::; and sequentia' phorographs are showo in figt1re 36 _ Additional 
sequentia I photograph." are shown in figure 37. 

Upon impact with the wood rail, the fto:ot· right comer of the \'ebicle was crushed 
inward, and tbe front eire coruactcd the rub rail appr·oximatcly 10.5 in (267 rml1) downsrrcam 
of post No 0 3. This contact continued to the end of t11e rub £aH 0 'fhe vcbk lc bec.arm:. paraUet 
to the rail 206 ms. after irnpacr. It was. smoothly redirected aad exited the system at 367 ms 
and at an angle of 7 03 degrees. The vehicle came to rest downstream and bcbind the rail as 
shown in Hgure 380 

Damage to me vehicle , shourn in figure 39, wcluded deformation of the front-right 
corner, continuing aiong t11re leflgtll of cl1e vehicle to lht rear wheel asscmb~y . There was no 
cv1dcnc.e of snagging, and the occnpant compartrnent rcruaine.d im:a.ct with the exception of 
minor defoonatlon of the floorboard on the passengt.':l"'s sidB. Tne maximum crush 
dcfonnadon of 19.4 in (492 mm) is sbown sc hemati.ca Uy m figure 40. 

As can be seen in figure 41. tile ,.,_,ood rail ~ustained minor scraping and gouging along 
its fac(:. The rub It\ n showed signs of tire cootar.:t ~Harting I 0. 5 in (267 .rrun) downscrc.am of 
post no. 3 ~nd continuing to the end of tbe rail. A 4-tn (102-rnm) deep trench was dug by the 
vebicle starting at post no. 3 and c.oorim! ing lQ post no 0 1. .Full tire contact was evident on 
the concrete abutment starring at its upstream end and continuing "Wllil 3 il~ (76 II'lJ)l) before the 
end of the firs~ raiL Tbe spacer pipe bev.~·c-en the wood rail and tbe concrete abutment '¥as 
slig_htl_ deformed. 

The normalize.d longitudwal and lateral occupant iropacr velocities~ as determined from 
acct;-leron~eter data analysis. were 21.5 ft/s (6.6 m/s) and 2408 ft/s (7 .6 mfs) respectively. 
~rhe maximum occupanr ridedown deceleratio11s were 4.0 g•s (longitudinal) and 17.8 g's 
(iaceral). The accelerometer traces from tlrlis tesl arc shown ill appendix C. and the results of 
this analysis are slWtmarizcd in figure 36. 

Based ou the results of tills lest. it \'Vas detennincd that the Steel -Backed \Vood. ftajt to 
J3rid.gc Rail Tr~nsition passed the criteria sec fonh by NCHRP Report 230 for guardrail lO 

bridge rail transjtious 0 <'> 
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Figure 34. Design Modifications, Test SBT -5. 
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Figure 35. Impact Location, Tesr SBT-5. 
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Impact 70 ms 

8 , 

Test Number . . . . . . . . . . . . . . . . SBT-5 
f-ederal Contract No .. . ••...... DTAi71-90-C-00035 
D>te • • . . . . . . . . . . . . . . . . 3123/95 
lnstallotion •. ... . ... •• ... . .. Steel-Backed Wood Roil to Bridge Rail 
Transition 
Approach Guardo·ail 

Length . . . . . . . . . . . . . 50 ft 
lleight . . . . . . . . . . . . . 2 fl - 3 in 
Mmerial 

Posts 1·3 ... . • . ... 10-in hy 12-in by 8-ft timber 
Posts 4-8 ... • • . ... 10-in by 12-in hy 7-ft timber 
Rail . ... .. , . •.. . 6-in by 10-in by 9 0 • II 'h.· in timber 

Vehicle Model . . . • . . . . • • . . . . 1984 Ford LTD 
Vehicle Weight 

Speed 

Curb . . .. .. •• .. • ... 3,860 lbs 
Test Inertia ... • ... . .. 4,500 lbs 
Gross Static . . . . . . . . . . 4,660 lbs 

Impact . • • • . • • • • . . • . • . . . • . 58.6 min1 
Exit . . . . . . . . . . . . . . • . . . . . . 43.4 mi/h 

Figure 36. Summary of Test SBT-5. 

150 ms 240ms 

Angle 
Irnp:acl ..•................ 
Exit .................... . 

Change in Velocity .... .... .. ...... . . 
Normalized Oceuporu Impact Velocity 

Longitudin:tl .... . .. . . .... . . 
Latcl'al .... ....... . . ... .. . 

Occup:.m Ridcdown O~.:cclcration 

Longitudinnl ..... .... . 
UltCI"ll •• •• ...... ... . . . ... 

Vehicle Damage 
TAD . ..•... ...... . . • • . •• 
VOl . . ..... ......... •• . . . 

Vehicle Rebound Distance . . .....••• • •. 
Guardrail Dam1111e ..........•..•.•.. 
Maximum Deflections 

2!.5 fils 
24 .8 fl/s 

4.0 g's 
17.8 g's 

360 ms 

1-Rr:Q-3 
OIRYt:lS2 
5ft @60ft 
Minor 

Pernunent Set . . . . • • • . • . . . . . !.3 in @ post No.2 
Dynamic . . . . . . . . . . . . . . . . . . 6.2S in @ po5t No.2 

Conversion Factors: I in: 2.54 em; I lb= 0.454 kg 
I fl/s = 0.3048 m/s 
I mi/h = 1.6095 km/h 



Impact 200ms 

50 ms 25Ums 

100 ms 

150 ms 400 ms 

Figure 37. Downstream Sequential Photographs, Test SBT-5. 
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Figure 38. Vehjcle Trajectory, Test SBT-5. 
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Figure 39. Vehicle Damage, Test SBT-5. 
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Figure 40. Crusb Depth Diagram Test SBT-5 . 
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Figure 41. System Damage, Test SBT-5. 
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Figure 41. System Damage, Test SBT-5 (cor.rinued). 
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EVALUATION SUMMARY 

Five full-scale vehicle crash tests were perfonned on the Steel-Backed Wood Rail to 
Bridge Rail Transition. These tests were evaluated, conducted, and reported in accordance 
with the criteria and requiremen~ for guardrail to bridge rail transitions stated in NCHRP 
Report 230. c•> Table 2 summarizes the relevant evaluation crileria, as well as the findings 
from the five tests reported. As shown in this table, the final design of the Steel-Backed Wood 
Rail 10 Bridge Rail Transition successfully passed all of the requirements for guardrail to 
bridge rail transitions. 

Table 2. Summary of Safety Performance Results, SBT Series. 

Evaluation E\·aluation Criteria Test Test Test Test 1'e.lit 

Factors SBT-1 SBT-2 SBT-3 SBT-4 SBT-5 

Struc.tural A. The test anicle shall smoothly redirect the 
Ade<juacy vellicle; tJ)e vehicle shal. not penetrate or go over u u u u s 

the installation although controlled lateral 
denection of the test article is acceptable. 

D. De"'ched elements. fragments or other debris 
from the test article shall not peneu·are or show s u s s s 
pote.ntial for penetrating the passenger 
companment or present undue hazard to other 
traffic. 

CkC\.'P<lllt E. The vehicle shall remaill upright during and after 
Risk collision although moderate roll, pitching and u u u u s 

yawing are acceptable. lnregricy of the passenger 
compartment must be maintained with essentially 
no deformation or irurusion. 

Vehi:le H. After collision, the vehicle trajectory and froal s s s s s 
Trajectory . stopping posilion shall intrude a minimum 

dismoce, if at all, into •djacerit traffic lanes. 

I. In tests where tlle vehicle is judged tO be 
redirected into or Sfoppcd while in adjacent 
traffic lanes, vehicle ~peed cllange during test 
article collision should be less than 15 milh and u u u u s 
the exit angle from the 1est article should be less 
than 60 percent of 1est impact angle, both 
measured at time of vehicle loss of contact with 
test device. 

S Satisfactory 
U Unsatisfactory 
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4 . GEORGE \VASHINGTON ~·lE:.\10RLo\.L PARKWAY BRIDGB~ RAIL 

TEST t STALLATJO 

Photographs of the George \Vashington Memorial Parh\'ay Bridge RaiJ are shmvn ill 
42. and de..)ign plans can be found in appendix A . This system consists of ASTM J\588 steel 
posts moumed on an 8-in (20.3--cm) curb. supporting three ASTM A53 , Grade B exrra strong 
steel pipe rails. Tbrotlg.bout the course of d1e safety t:valuation of this system. lhe design w·as 
modified once. The original design was evaluated during Tesr GW11P-1, where it was. 
determined that the sys~em needed to be f"nodified for Tests G\VM.I'-2 and 3 by changing the 
pipe rails from 4.5 in to 5.0 in (114-mm to 127-mm) outside diameter (O. D.) . and p1acing 
them further ~rway from the post. The reasons for ilicse desi~n changes are presenled in the 
di.~ussion of Test GWMP-L 

The 75-fit (22 . 9 -m) long bridge rail was consrructed with a simulated bridge deck to t~t 
tbe adequacy of the post-to-<leck connection ill addition to tes£illg rhe bridge rail itself A 
cross-section of the 80-ft (24 .4-rn) long simnla~ed bridge deck js shown in fig.rure 43. Grade 
60 epoxy coated re;nforc.cment was used in the deck. 

TEST CR lTERIA 

Til1S bridge .rail system was evaluated accordi.ag lO the performance level 1 (PL-1) 
criteria for bridge rail1 ogs prcscnred ill the American Ass;ociation of State Highw·ay and 
TranspOrtation Officials' {AASHTO) Guide Speciftcmions for Bridge Railf11gs. (3.) The veblcl"' 
damage ''-'as asses.s_ed by the traffit: accident scale (TAD) and the vehicle da.rnage index 
<VDn.cer.?) The full-scale vehicle crash rests w~re conducted and reported in accordan;;e with 
requirements ~pecifie<i in NCim.P Rel)ort 230. C~) 
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Figure 42. The George Washington Memorial Parkway Bridge Rail (continued). 
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Top Lo.yer or 
R•.nforcing S'te~l 
\if\ded to Angle \ J/<'o x 4• long h;gh•strenth bolt 

\ / L 9' x 4' x 1/2' by 100' <A36> <10- 10' SKtlOns) ~ / 24' NO. 6 bar, e7.5• long 3' 

ly 

No . .., bol"'. --'~~;;::=:::--
99'-6' tor.g _j 

Bo'tto~ Lcyer oF 
~e;nForc:ng s:·uet 
'Vtldect to Anglt 

Figure 43. Cross Section of Simulated Concrete Deck. 
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TEST VEIDCLES 

The test vehicles used in the evaluation of this system are summarized ill table 3 . ·n1e 
pre[est vehicle diinellSions and photo..~ can be sren in appendix B. 

Table 3. Test ebide Swnm<:try, G \VIWP Series. 

Test No. Vehicle Test Jnerrial Weight 

(lbs) (kg) 

G\VIvtP-1 1984 Dodge Colr 1,850 839 

I G\Vl'dP-2 1984 Dodge Colt 1.750 794 

G\Vl'YfP-3 1985 Chevrolet ~ -ton pickup 5 400 2.452 

TESI R'ESUL TS 

·rne 1984 Dodge Col£ impacte-d the system at 54. 4 mjjh (87 .5 km/h) and 21. 0 degree-s.. 
As shown in figure 44. the nnpact point was located midway between the third and fourth 
posts fi'om the upstream end of tile installation (3 ft - 10~ in (1.2 .m) dOWt)St're~m of post no. 
3) . A summary of the test resul~s and sequential pbotographs are shown w tlgur-e 45. 
Additional sequential photographs are sho'vn in figure 46. 

Upon impact with the sceel bridge rail: the right front quarter panel \\las crushed inward 
aJj]d lhe btlrnper was pulled to the right and pushed back, causing the from end of tile vehrde to 
bend toward the right a\\ray from the lo~~tudinaJ centerHne of the vehicle. Approxhnatel)• 42 
rns after impact. the bumper began to contact pos£ no. 4 and was crushed into the right-front 
tire.. \Vith the bumper pus.bing the tire into the fuewall . rhe vehicle began to buckle at the 
door post, also caus.irlg the windshield frame and roof to buckle. At 116 IllS. the car lost 
contact with post ao . 4 and continued down the rail with no additioml snagging. There was 
no rolling motion de tee red rhroughout the coliision, aod rhe vehicle V."'.ts redirected. coming to 
:f\est 170 ft (51. 8 m) downstream and 90 ft (27 .4 m) belli nd a Hnc paralld to the ra i I face, as 
shown in figure 4 7 . 

The vcbide damage, sho\vn 1n figur t! 48. irl.cluded the crushing of the right-front comer 
of the vehicle ~ twisting of the car to the right of its lon~trudina~ centerline~ buckling of the 
hood, roof~ w indshie 1d frame. fLrcwall. passeager compartment floor , and tlle ilassenger side 
door_ The right-front t ire was dtflated, and the rim wa~ dcform::d. The maximum crush 
deformation of 21 in (53_ 3 em) ~s shown in figure 49 . 
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The damage to the bridge raH '''ilS minor, with superficial scrapes on the curb m.H, and 
post"S as shov.'Jl in figure 50 .. T nere was no permanem ser: deflect1on in t.fue brrdge ra~l- The 
contact marks on the curb started at impact, 4ft. - 5 in (1.35 m) before post no_ 4, and. 
C>OJltinued for 11 ft - 8 in (3 .56 rn)_ Contact vo~th the tower rail began 4ft - 0 i.n (1_2 m} 
before post no. 4 and cont;nued tor 19 ft - 6 in (5 .94 m) . Contact with t.i:le mrddle mH hegan 3 
ft- 8 in(!. 12 ru) before post no. 4 and continued for 17ft - 0 in (5.18 m). 

As .a result of tec.bnical problems. the acce1eromecer data was not acquired for this test. 
It was therefore ue.:essary to analyze the high-s-peed fi1rn to determine the valllles of the 
ot.'CUpanr: risk criteria. The Jongirudi.nai and lateral oocupam ;mpact velocit1es. a.s detem1ined 
from th~s high-spt.-cd film analysis ~ ~ .. ·ere 24.6 and 8.2 fils (7.5 and 2.5 m/s). respectively. The 
maximum occupant ridcdown decelerations were 12.0 g's (longitudinal) and 22.4 g's (la.teral)_ 
The results of this analys.is arc summarized in figure 45 ru1d mble 4. 

As evidem in the vehicle damage shown in figure 48. there \\'aS signillcant. occup·ant 
co1npartment damage to the test vehicle. This damage was caused by the snagging of the 
veb k le on posts nos._ 4 and 5 _ This occupan[ comparunent deformation, ac.companied by 
ex<:essive lateral l·,idedmm decelerations, caused ilie sysle:m to fail this corupliaDce test. To 
alleviate tWs snagging problem, the rail size \Vas increased from 4 .5 in 0 .D. to 5 . 0 nn 0-D . 
(114 mrn to 127 mru.), and it wa~ moved further out from the post. effectively tnoving ilie face 
of the rail 1 in further from tbe posL T he des.ign details of this changl! urn be seen in 
appendix A. 
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Figure 44. Impact Location, Test GWMP-1. 
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Impact 50ms 

Test Number ..........•..... GWMP-1 
Federal Contr>ct No ..•••.•. ... DTFH71-90·C·00035 
Date .. .. .. .. .. .. . . . . . . 8/04/93 
lnstallallon . ..... .. ... .. . .. . George Washington Memorial Parkway 

CUI'b 

Bridge Rail 
Length . . . . . . . . . . . . . 75 ft 
Height from curb • •.. .. 2ft- JO-in 
l'ost spacing .... ... ... 7ft- 9.5 in 
Mnlcl'ial 

l>ost . . . . . . . . . . . . ASTM • A588 
l(ni l ... ••• .... .. ASTM · A53, Grode 13 ESS I', 4.5 0.0. 

llcight • . . . . . . . . . . . . 8 in 
Top width . . . . . . . . . . . I ft • 4.5 in 
llouom width . . . . • . . . . l ft · 6 in 

Vehicle Model • • • • . . . . . . . . . . 19&4 Dodge Colt 
Vehicle Wei&lll 

Curb . • • • . . . . . • . . . I. 700 lbs 
Test Inertia • . . . . . . • • • 1,850 lbs 
Gross Static . . . . . . . . . . 2.010 lbs 

Figure 45. Summary of Test GWMP-1. 

100 ms 180 ms 300 ms 

Speed 
hnpoct • . . • • • . . • . . • . • • . . . . S4.4 milh 
Exit • • . . . . . . . . . . • • • . . . . . • 38.9 mi/h 

Angle 
hupact . . . . ... ... •.. ...... 
Exit • •. .. . . •• .. • • •• .... .. 

Occupant lmJlaCt Velocity 
Longitudinal ..... .. . 
Lmeral . ....... ...... . .. . 

Occup(lllt Ridcdown Oecclemtion 
Longitudinnl ..... . . . .. . . . . . 
L::Her:al .... . ........ . . ... • 

Vehicle Damage 
TAD •. .. .... .. • . . · .... · • 
VOl •••..... ..... . ....... 

Vehicle Rebound Distance .... ........ . 
Bridge Rail Damage ... ...... . .... . . • 
Maximum Permanent Set DeOeaion .....• 

21.0 dcg 
3.8 dcg 

24.6 ftls 
8.2 f!/s 

12 .0 g's 
22.4 g·s 

I-RFQ·6 
OIRFESJ 
22in @40ft 
Superficial 
Oin 

Conversion J'actors: I in• 2.54 em; lib= 0.4S4 kg 
I li/s = 0.3048 mts 
I mi/h = 1.6095 krnnt 
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I 
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Figure 46. Downstream Sequential Photographs, Test GWMP-1. 
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Figure 47. Vehicle Trajectory, Test GWMP-L 

76 

-
-



. ' 

' 

• &~MP-1 
. . ..:· 

Figure 48. Vehicle Damage, Test GWMP-1. 
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Figure 48. Vehicle Damage, Test GWMP-1 (continued). 

78 

--=- ~c;ol"'""'"' ___ _ 



- --

-- r- -- - _]--] 
. I -- -- --

·~ I I -- --- ...... --.. . ·' 0 / ::"") - ·... ·= - ~.:: !,-, 
I I ........ , \_.........._ ""lrT -: h ::, .!" =-~ · 

I \ 

I 
I 

I A 1 
\ 

----·~---:-f----,-__ __ ( 

' ~ 

/' f . __ _/ 
I 

I 
I 

I 
I 

I 

--...__ ____ _ 
... ---.._ 

I 

I 

Figm-e 49. Crush Depth Diagram, Test G'WMP-1 . 

79 

~ 

\ I\ - il · - :..:r ·- ... ~.-~ I -- - ._. 
I \ 

r ~ 

I 
1 
I 

' 



-· ___:~L..._r~---: •• _. -

Figure SO. Bridge Rail Damage, Test GWMP-1. 
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Test G\vt.1P-2 

The 1984 Dodge Colt impacte<l tJ1e George \Vashington Mcmorjal Pa.rk,vay Bridge Rail 
at 52 .6 milb (84. 65' km!lt) and 2'2. 6 degrees. The impact point was 'ocatoo midway bctwcr:n 
the rhird andl fourth posts frolll rue upstrealll end of the installacion as shown in figure 51 _ A 
summary of the test rcsulrs anti stX,lt~ntial photographs are shown in figure 52. 

Upon imp<ict with ilie bridge rail system, rJH~ r~ght-from comer of the car was crusht.-d 
inward . . AppioX.Uni.il<:ly 68 ms after impact. the riglu-from: comer of the hood contacted Jl<)S.t 

no. 4. c.-"iusing the hood to rotate 90 degrees clocl.,vise about its right front mount. The 
vehicle continued dovJn the rail witJlou t the lire moundng the curb_ When the vchick 
appro~cbed post no. 5, 174 ms after impact. me left-from comer of tbc hood contacted post 
no. S, separating it from ilic vehicle. The hood remained at post no. 5 between the upper and 
au~ddte y·ail s as the vehicle proceeded down lhe r'dil. The hood then made conW.cl 1rvith right­
front winds:bield suppoi1: and the Jowcr right corner of the windshield and v.ras forced up and 
over tbe vebicle. The vehicle came to re-st 120 fl (36. 5 m) downstream of impact and 61 ft. 
(18 , 6 ill) in front of a line parallel with the front face of the bridge rail, as seen in fir:rurc 53_ 

The vehicle damage, shown in figure :54. included crushing oflhe righL-from comer of 
the vehicle. minor scrape-s and denrs along the length of the passenger side. and separation of 
the hood. The '"'ind.sbield was not penetrared but d!d sustain k:.cafu.ed cracking in the low.er 
right oorner. The right-front tire was h1own oul and the rim was bem Ol1t\Vatd at the top. 
The occupant compartment floor susta;ned minor buckling in tht! froDL passenger side floor 
area. The maximum crush defom'lation of 12 in (30.5 em) is shown i..o figure 55. 

As sho1rvn in flgure 56. ilie bridge rail and curb sustained minor scrapes in n~.e ~rea 
wtJere dr:Je impact occurr·ed. Contact with the m idd~e and Jo\\rer rail began at ~he mklspa n 
bet\¥'een posts nos. 4 and 5, and c:outinued to lhe nndspan bct,ve<:n pOStS nos . 3 aod 4. 

·n~e longitudinaJ and la{erdl occtJpant imp~ct velodti{:S were 17.0 fu's and 25.7 ftls. 
(.5 _ 2 mls and 7. 8 mls) rcspccti\f~ly , Tbe aximum occupant rjdcdown ckceleta~ions were 
5 _ 2 g~ s (longitudinal) and 9. 6 g ' s {lateral). 1l1e re..~ults of this analysis are summarized ]u 
figure 52 and table 4. Accelerometer Q'aces are prcseotcd in app~nclix C. CrHeria a requires 
that tfle railing Stdc of the vehicle sball move no more than 20 fL from the line of tile traffic 
face of the railing within 100 fi pl\ts the length of ti1e test vehicle from the I>01 m of ~mpac[ \vhb 
the rail~ng. 'This criteria was not met as me vehicle \Vas 39 fi from the face of the raillng .ill a 
<Hs~nce of 115 ft dow.nsuc:am of impac L. However, IE was judged that failure of this criteria 
alooe dtd not "'varrant fauurt~ of~~ emire test. 

IT "~-J.'as. therefore determined that the 0\'era 11 performance of this tesr \\'aS acceprnb le 
according to Ehe AASHTO PL-1 g uidetines. ~ ~~) 
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Figure 51. Impact Location, Test GWMP-2. 
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Impact 

Test Number .••...•••.. .•..• 
r-edel'21 Conlfact No. . .....• . .. 
Oa1e •• • , , .....••••• ... 
IDS131lotion •••.•......••••.• 

Curb 

Length .. .•. .. .... . . 
Height from curb .. ... . 
Post s~acing .. .. ..... . 
MMeri~l 

Post ...•. ... ••. . 
1\iiil ... •• •. . ••• . 

Height .. . . ... . 
T O(I w (ilh .. .. . . . ... . 
BOIIOIII widlh • .. ...... 

Vehicle Model .•. ... •. ...•.. 
Vehicle Weight 

Curb •••... ........ 
Test lrenia .••••..•.. 
Gross Static ... ..•.•. . 

100 ms 200ms 300 ms 

:.• 10 ? fl ~_! _: :~~ ! --- ---- __ ... -- ---.. --- .. :--- ... , ..... .. .,.., ...... _ .. .. 
,.,. ... ;J',.. .. 

... "'.,./ 
............ , , 

400 ms 

', s GWMP·2 // . peed 
DTFH71-90-C-00035 ,-:/ 
:l..OS-9-i .',' 

' ' George Washington Memcrul Parkway / ,' 
Bridge R:ail J;,' 

15ft t'f 
2 fl · 10.5 in 
7ft - 9.5 in 

ASTM - i\588 
ASTM - J\53, Grade I) ESSP. 5 in 0 .0. 

8 in 
1fl-4.5 in 
lfl - 6in 
1984 Dodge Coli 

1.800 lbs 
1.1761bs 
1.936 lbs 

Angle 

Impact 
E.xi1 . 

Impact •...........•... ... 
Exit ... .. , .... , , , ...... . . 

Occupant Impact Velocity 
I..Qn~:itudinal ..... .. .... ... . 
u ueral .. . ..... ... . . ... .. . 

Occupant Ridcdown Occelcration 

52.6 milb 
38 9 mi/h 

22.6 deg 
6.3 deg 

17.0 ft/s 
25.7 ft/s 

LongiludinAI . . . . . . . . . . . . . . . 5.2 g's 
u1tcral . . . . . . . . . . . . . . . . . . . 9.6 g's 

Vehicle Damage 
TAD . . . . . . • . . . . . . . . . . . . . 1-RFQ-4 
VOl . . . . . . . • • . . . . . . • . . . . . 01FRES2 

Vehic-le Rebound Cistance . • . . . . . . . . . . . 39ft@ I 15ft 
Bridge Rail OamaJ:I! . . . . . . . . . . . . . . . . . Minor 
Maximum Permall(nt Set ()eRection • . . . . . 0. 125 in 

Conversion Fa<:toff: I in• 2.54 em; I lb= 0.454 tg 
I fils = 0.3048 m/s 
1 mi!h • 1.6095 km/b 

l<1gure 52. Summary of Test GWMP-2. 



Figure 53. Vehicle Trajectory, Test GWMP-2. 
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Figure 54. Vehicle Damage, Test GWMP-2. 
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Figure 54. Vehicle Damage, Test GWMP-2 (continued). 
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figure 55. Crush Depth Diagram, 'Ies£ Gm.iP-2. 
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Figure 56. Bridge Rail Damage, Test GWMP-2. 
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Test G\Vl\fP-3 

The 1985 Chevrolet 3.4-ton pick'Up truck impacted the system at 46 .6 mi/h (75.0 knllh) 
and 22.7 degrees. Tile impact point was located 3 ft 3.5 iin (LO m) upstrt:am bf ili:; expansion 
joint. or 1 ft 3 .5 in upstream of post no_ 6, as shown in ngure 57. A summary of the test 
results and sequential photographs are shown in figure 58. 

The vehicle \Vas ~moolhly redirect·ed by the bridge railing , with a relatively small 
amount of damage to the vehicle. Ar 140 ms tail slap oceurred bev.veen the passenger-side 
rear quat·ter panel of the vehicle and lbt:- rail. causing cracld ng of the curb and deck at post no. 
6. There \st'a..-:; no :sMgging of the vehicle. There was a maximum permanent set deflection of 
0.125 in (3 mm in me bridge raiL The vehicle came [0 rest 135ft (41.1 m) downstream and 
110ft (33.5 m) to the back side of a ]inc parallel with the front face of the brjdge raiL. as can 
be se·cn in fig.ure 59. 

The vt:bicle dJJmage, sbowo in figure 60, included the crusl.iing of the right-front corner 
of the vehicle, and scrapes and dent'5 along tile length of the passen,ger side. The t•ight-front 
dre was b1own out and the rim was defomted. The maximum crush deformation of 9.75 in 
(24.8 em) is shown in figure 61. AH damage to the \'ebick: on the driver's side ot· the 
1ongitud ina1 cenc~rline oc"urred after impact with the bridge rail. Near lbe end of the 
vehicle1 s rrajcctory. the verucle struck an obstacle on the lesting grotlnds . resuWting 1n d.anl!age 
to th.e l·eft-front corner of the veb.icle. 

The bridge raH :sustained only minor c.Qsmedc damage on each of ilie three rail~ as 
shown !n figure 62 . Contact w~lh each of tbe rai1s began 3 ft 5 in {1.04 m) upstream of the 
ex~nsion joint . The vchich; remained in C.Qntact with th€ rail for & n (2.44 m) on the oottom 
rail, S ft. 6 in (2. 59 m) on the ntiddJe rill, and 8 ft 2 in (2.49 m) on the top rail. 

Cracking occurred in the Gurb and brjdge deck at post no. 6. On top of the curb. two 
cracks ptopagated out'l¥ard from each of the rear post holts , as shovm in figure 63- Tl1e length 
of cracks \.lpstr-eam and dowru;trcarn of post no. 6 were 1 0-in (25 .4 em) ruld 11 ill (2 7. 9 ern), 
respectively. 

The Ion~ irudinal and lateral occupant in1pact velocities, as de[en:nined from 
acceler-ometer data analysis, were 9 .6 fil s (2.93 ml s) and 2L3 ft/s (6.49 m/s). r~pectively. 
The maxiinum occupant ridedown det.eleratio.ns were 2. 0 g • s (longrludinal) and 8. 0 g' .. 
(later.tl) . The results of this analysis ar<= summarized in figure 58 and table 4 . Accelerometer 
traces arc prC'".tiented. in appendix C. 

l t was determined that the performance of tills test '\s..·as 3cccptable according to the 
AASHT 0 PL-1 gu ide1 ines. <81 
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Figure 57. Impact Location, Test GWMP-3. 
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Impact 80 ms 

Tesl Number ....••....•..... 
Federal Comraa No. . .• . ••• ... 

GWMP-3 
DTFI111 -90·C·0003S 
3-24·94 Date 

Installation . . . . . . . . . . . . . . . . . George Washington Memo:ial Parkway 
Bridge Rail 

Curb 

l.englh . . . . . • . . . . . • . 75 fl 
lleighl from curb . . . . . . 2 fl · 10.5 in 
POSI sracing .......... 7 fl · 9.5 in 
Ma1cri:~l 

I'CSI • . . . . • • • . . . . ASTM · A588 
l!ail . ...... ..... ASTM • A53. Grade ll. 5 in 0.0 .. !lSSl' 

llcigtu . . . . . . . . . . . . . 8 in 
Top w1d1h . . . . • • • • . . • I ft- 4.5 in 
801101• widlh . . . . . . . . . I fl · 6 in 

Vehicle Model .•..... . .•• ... 1985 Chevroleo ~-lon pickup 
Vehicle Weigh! 

Curb ........••• ... 4.440 lbs 
Test lrcrlia . . . . . . . . . . 5,5(,() lbs 
Gross Slaoic . . . • • • . . . . 5,400 lbs 

Figure 58. Summary of Test GWMP-3. 

240 ms 410 ms 

Speed 
e L:' t~::, ~! 

' ---- --- ~ .... ____ .. _________ ...... . 
lmpacl . • • . . . . . . . . . . . • • • . 46.6 milh 
Exil . . • . • . . • . • • • . . . . . . . . 38.2 mi/h 

Angle 
lmpoco . .... .... • . ••.. .... 
l:lxil . . • . • • . . . • . . . . • . . . . . . 

Occup>nt lmp>cl Vctocily 
l.ongirudinal ..... .... ... .. . 
l...11CI'31 • .• •• , •• •. ..•••• .. 

Occup:lnt Ridcdown Deceleration 
l..onuiludionl ...... .. ...... . 
t...11cral . .. ... •. .....••.. .. 

Vehicle D•magc 
TAD . •.. ..• . .... • ... ... . 
vor ... . ....... •.. .... .. . 

Vehicle Rebound Uislance ... ...... .. . . 
Bridge Rail Damage . .•... ........... 
Maximum Pcrma:neal Set Deflection ..... . 

22.7 deg 
3.1 deg 

9.6 fils 
21.3 fils 

2.0 a's 
5.0 g's 

I · RI'Q·4 
OIRFES2 
3 fl @40 fl 
Minor 
0.125 in 

Conversion Focoors: I on • 2.54 em: I lb= 0.454 kg 
I fl /s • 0.3048 m/s 
I milh = 1.6095 km/11 



Figure 59. Vehicle Trajectory, Test GWMP-3. 
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Figure 60. Vehicle Da.mzge, Test GWMP-3. 
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Figtrre 61. Crush Depth Dlagtam, Tes~ C.WMP-3 _ 

9.:! 

IJ C:. •. tMI;"' C.r'"I.)E;• 

t' : "t .-. u - '71 - i • 



--··-

Figure 62. Bridge Rail Damage, Tes£ GWMP-3. 
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Figure 63. Curb Damage, Test GWMP-3. 
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EV ALUA TIO:\" SU1\1l\IIARY 

The: pe·rfonnan.ce ol thls syst'em \\'aS evaluated accorditlg to ccjteria for PL-1 bridge rails 
presented in the AASHTO Guide SpecljicaJions for Bridge Railings . (S.) The tests were 
conducted and reported iu accordance with the requirements in N CHRP· Rep on 230. r4) TabJe 
4 summarizes all of ilie relevant evah~ation criteria from A...t\.SHTO. as well as the flilditlgs 
from the three tests reported. ~S'J As shown in this table. the George Wasbll:lgton Memorial 
Parl0.¥ay Bridge Rail successfully passed the PL-1 bridge rail criteria. 
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Table 4. Summary of Safety Per formance Results, GWMP Series. 

EvaluJtion Criteria Results 

GWMP·I GWMP·Z GWMP·3 

3.a. The test s n:icle shall contain lh-e vehicle; neith-er the veb.icte 
nor its cargo sl:all pe.1:1etrate or go over the insul.lation. s s s 
ConlrOlled lateral deflec-tion of We test anlcle is accept;tblc. 

3.b. Detached elementS, fragmenlS. or olher debtis i.rom the test 
arti(le shall no1 penetrate or show pOtential for penerrating s s s 
the passenger oompanmcot or pl:'c.scnt uoduc. hazard tO other 
traffic. 

3.c. Integrity of the passe11ger e<~mpanmem must be maimained u s s 
with no intru.si<m and essentially no deformation. 

3.d. The vebk!e shtU remain upright during and after collisiotl. s s s 

3.e. Tile test article shall smooth.ly redirect the vehicle. A 
redirection is d!erued smooth if lb.e re;u or the vehicle does s s s 
not yaw more lhaJl 5 degrees away from the railing from 
time of impac-t until th~ \'Chide sepa~tes from the railing. 

3. f. The smoothness or lhc \'eb.iclc· r.dling interaction is further 
assessed by tlle effective coeffieiem of friction p. where 
p = (co5B - V,fV)i<inB. M F G 

(0 .61) (0.30) (0.10) 

IS As~s~mcnt 

U.O • O.:t:> uOOO 
0 .26 - 0 .35 Fair 
> 0.35 Marginal 

J.g. The impact veiJoCit)• of a hypOthetical front-se<'l.l passenger Occupant Impact Vetodty (fth;) 
agai.n.s.l the veructe interior. c.a!cuJatcd from \'ehicle 
acceletations aoo 2.0 ft longirudioaJ and 1.0 ft lateral 
displacemenLS. sha11 be less than: long. Lat. Lollg. Lat. Long. .... .. 

Q!I:Sillgs}Dllm:J:!aCt Vclocirv • ft!s 
L:mgirudiool ldlml s s s s s s 

30 25 (14.6) (8.2) (17.0) (25.1) (9.6) (21.3) 

and for lhe vehicle b.igbest 10-ms ave-rage acceter.J.tions Occupant Ridedown Accelerations (g's) 

$Ubsequent to the instant of hypolhc:riul passenger impact 
should be less d1an: 

Long. Lat Long. .... .. Long . Lat. 

Occuoont ridedown Acce!erarioos. • g·~ 

l.Qnein1dinal l..a!eral s u s s s s 
15 IS (12.0) (22.4) (5.20) (9.6j (2.0) (5.0) 

3.h. Vehicle exit angle from the barrier shall not be more than s s s 
12 degrees. w:thin 100 ft plus lhe length of the tc:.st \'ehicle (3.8) (6.3 deg) (5.0 deg) 

from tbe point of initial impact ~ith the railiog, the railing 
side of the vctr.c.le shall move no more than 20 ft from the s u s 
line of the craffic f3ce of the railing. (22 i.n @ 40 ft) (39 fll@ 115 fl) (3 fi@ 40 It) 

S • Satisfactl)ry, M = Marginal, U • Unsarisfaclory Conversion f:!!:ctor: 1 ft = O.l048 m 
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TEST INSTALLATION 

Photo.grapbs of lh~ Foothilh P.arkway Mcmori~l Bridge Rail are shown Ln figure 64. 
This system consists of cast aluminum posts :mounted on a 6 In (15 .2.-cm) high curh. 
supporting two aluminum raHs. Throughout the course of the safety evaluation of tWs system, 
the d~sign was modified twice. The origirull design, shown i11 figure 65, was evaluated dur~ng 
Test FPAR- L 'I11.e sysEem was modified for Test FPAR~2 by adding loDgirudina} sc:eel 
rejnforcemenf to me curb a,-:; shown in figure 66. 1lle final design. e·v.~lu;;~ted ill Tesl f PAR-3. 
is shO\'-'TI in figure. 67. 'mfle reasom; for th.e!re desig11 changes are discussed in the tes.c: results 
sections. The desjgn deta;ls for th is system are presented in ap~ndix A. 

The 75-ft (22.9-m) long bridge ra.[J was oo.nsc:ructed witll a si.mui~red bridge deck to tesE 
the adequacy of lhe post-to-dect conn~lton in additlon to tes:tillg the bridge rail itse.1f. A 
GrOSs-Section O[ the 8Q-ft (24.4-m) long SimUla~ed bridge deck is shown in figure 43. (irad·e 
6D c:pox}' coated reinfor-cement was used iu the deck:. 

TEST CRITERIA 

This bridge raH system was: evaluated according PL-1 cr1tcria for bridge rai[ings 
presented in A.ASHTO _ m Tbe full-scale vduc.lc crash tests wert c:onductetl .and reported in 
accordance with requircmcnti spt:Cificd in NCHRP Report 230. <~ The vehicle damage was 
assessed by TAD and VDI. (6.. • 
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Figure 64. The Foothills Parkway Bridge Rail . 
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Figure 64. The Foothills Parkway Bridge Rail (continued). 
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Figure 65. Design Details of the Foothills Parkway Bridge Rail for Test FPAR-1. 

102 



: ·~ ----

Figure 66. Design Derails of the Foothills Parkway Bridge Rail for Test FPAR-2. 
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Figure 67. Design Details of the Foothills Parkway Bridge Rail for Test FPAR-3. 

104 



'fEST VEIDCLE-S 

Th;; test vehicles used m we evaluation of this sys£em are· summaril.ed in tabJc 5 _ The 
pretest Vt:h.icle dir.llensio.JilS .and pho£ographs can be seen in appendix B. 

rablc 5. Test ebkle Summary, FP AR. Se:ries. 

Test No . Vellicle Test Inert1a1 \Veigrn 

(Jbs) (kg) 

FPAR- I 19B4 Dodge Co~t 1,904 864 

FPAR-2 1 984 Chevrolet 3,4-ton pickup 5,300 2 .300 

FP.till.~3 1985 Ford * -wo pid •. 1.lp 5,400 2.452 

TEST RESULTS 

'f~t. FP AR-1 

Tbe 1984 Dodge Colt impacted the. Foothills Parl'rvay Bridge Rail at .52.0 uti/ h (33 .7 
km/h) and 22.0 degrees. As shown in figure 68 1 rhe impact point was located cnidsp~n 
bet't1.'een tJ1e iliird and fourth posts from the upstream end of the insrallation (3 ft 11 irl (1.2 m) 
dowilSrre.am of post no . 3 )_ A summary of the lcSl results and S-equential photographs are 
shown ill figure 69 _ Additional sequential photographs are shown in flgure 70. 

UpDn i.lnpaict w ith the aluminum bridge mil, the Tight-fronc quarrer panel of tile vetDicle 
was. crusk:<l inward. and the bumper was pwhed to the left. Shortly afrer impact , the t1gllt­
·front tire I:J lew out and rhe whe.e~ wa.<:; cru.o.;hed inwarcl . The \'Chicle slid along the rail and 
became parallel to jt ;u 19ms, and then ex ited at approximatr:::ly 3·0 ms. There was no rolli.og 
motion dc·rected thrm~ghout the coJHsi.on, and the vehide was srnool:bly :r.edirecred coming to 
rest 130ft (39.6 m) do\s..'ostteam and 64ft. ( 1 9.5 m) to the left of a hnc. pMallel to the rrul face. 
as shown in figure 71. 

Thi.:: vehicle clrunage, sl'lown in figur-e 72, included the crushing of the right-front co.rner 
of the vehicle, and minor scrapes and dent' along ·me ~ength of t.hc passeilger side. The r igh -
t"rom tire was blo\.vn om. and lhe rim was bem. The maximlllii crush dt..:forma~1on of 11.2 5 in 
(2fL6 ern) is shown in figure 73 . 

T he damage to rhe bridge rail was minor. w i.th supemdal scrapes on the curb (tud rail 
a..<; shown in fi!,'llre 74 . Tlle maximum ~rmanent set defleclion of 1 in (2.54 em) occurred 
approximatcly 2 fr (0 .61 m) dowus(:ream from impacr on the ~ower rail. There was evidence or 
minor tire and hub contaCl between tihe c:nrh and the lower rail on th-t: fust post downstream 
from impact (pOS[ no. 4) . l~here was also evideoce of crushed vcbick body contacr ii.:J.et\veen 
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rhe lower and upper rail at pose no. 4. The contact marks on the railing startt:d at £mpact md 
cominued for 8 ft 6 in (2.59 m) on the upper rail, and 8ft 8 in (2.64 n1) on Lhe lower rail. 

The longitudinal and lateral occupant impact velocities, as dererruined from high-speed 
fihn analysis . were 9.6 ftls {2.93 rn/s) and 23.0 frls (7 .01 mls), respectively . The maximum 
occupant ridcdown decelerations were 5.7 g 1S (longrmdinal) aild 4.3 g•s (late:ral). The results 
of this analysis arc summarized in figure 69 and ~b le 7. 

The only notable damage to the curb was a set of nlicrocrac.b which started at the l -in 
(2.54-cm} anchor hoEts and exrended to tJ1e back f~ce of lile curb a~ an angle of approximately 
45 degrees. The..'\e crack..-; (outl ined for cladty) are shmvn in figtlre 75. This was interpreted as 
being me beginning of a classic shear faHure, and it was amicipated that the cLL£b would 
fracture durinr- the next, :more severe pick1Jp lruck crash lest. Therefore, the reinforcement in 
the curb was redesigned by fll\VA engineers and replaced before Test FPAR-2. 
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Figure 68. Impact Location, Te.st FPAR-1. 
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0 
00 

Impact SO ms 

Test Number ... . .. ... . . . • . .. .... .••. ... FPAR-1 
Federal Contract No . . ... ... ... .. DTf-H71-90-C.()0035 
Date . . . . . • . . . . . . . . . . . . . . . . . . . . . . I 012219 I 
Installation . . . . . . . . . . . . Foothills Parkway Bridge Rail 
Bridge Rail 

Curb 

Length . . . . . . . . . . . . . . . . . • . . . . . . 75 ft 
Height from curb . .. ••••. .... .• .. 2 ft - 3 in 
Post spacing . . ... .... •.• .... .. . 7 ft- 10-in 
Material . . . . .... , . . . . . . . . . . . . Aluminum 

Height . . . . . ••.• • . •• .. ....... .. .. 6 in 
Top width . . . . . . . . . . • . . . . . . . I ft • 4.5 in 
uouom ''"'idth . . . . . . • • . . . • . . . . . . . 1 n · 6 In 

Vehicle Model . ... .. •• . • •.•. 1984 Dodge Coil 
Vehicle Weight 

Curb . . . . . . • . . . • • . . . . . . . 1.830 lbs 
Test Inertia . . . . . . . . . • • . • • . . . . . . 1.904 lbs 
Gross Static . . . . . . . . . . . . . . . . 2,069 lbs 

Figure 69. Summary of Test FPAR-1. 

140 ms 200 ms 

___ ...... __ 'r;C 

-------- ~ _ ... ---,_,.- -... 
~ ---/.-:::...-... "/ .... 

// 
//// Speed 

/ / Impact . . . . . . . . . . . . . . • . . • . . . . 52.0 mi/h 
I / 

;
1

/ Exit . . . . . . . . . . . . . . . . . . . • . . . . 4J.8 mi/h 
I 

I I A~le 

j./ Impact .. .. .. .. .. .. .. .. .. . .. .. 22.0 deg 
(j Exit . . . . . . . . . . . . . . . • • . • • . . . . . . 5.4 deg 

Oc:::upant Impact Velocity 
Longitudinal ...... .... .... • .. .... 9.6 ft/s 
Lateral . . . . . . . . . . . . . . . . . • . . . . . 23.0 ft/s 

Oc::upant Ridedown Deceleration 
Longitudinal .. ..... ... .... •... ... 5.7 g's 
Lateral . . . . . . . . . . . . . . . . . . . . . . . . 4.3 g's 

Vehicle Damage 
TAD ... . . ••. .... ..... ... .•. .. 1-RFQ-4 
VDI .. ... ..• ..... .•. . . .. .•. .. OIRFES2 

Vehicle Rebound Distance ... ..•• .. .. 37 ft @ 113 fl 
Bridge .Rail Damage . . . . . . . . . . . . Minor 
Mliximum Deflections 

Permanent Set . ....... .••• , • •.. . , , , l .O in 
Dynamic . . . . . . . . . . . . . . . . . . . . . . . . 1.9 in 

Conversion Factors: I in= 2.54 em; I lb= 0.454 kg 
I f1/s = 0.3048 m/s 
I min' = 1.6095 kmlh 

300 ms 



• 

Impact 200 ms 

r . 

50 IDS 250 ms 

• 
r 

I 

100 ms ::S::>U ms 

• 

150ms 600 ms 

Figure 70. Downstream Sequential Photograph;, Test FPAR-1. 
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Fi,.ou.re 71. Vehicle Trajectory, Test FPAR-1 . 
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Figure 72. Vehicle Damage, Test FPAR-1. 
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Figur e 73. Crush Depth Diagram, Test FPAR-1. 
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Figure 74. Bridge Rail Damage, Test FPAR-1. 
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Figure 75. Cracking in Curb, Test FPAR-1 (outlined for clarity). 
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Te~1 FPA.R-2 

Tht= 1984 Chevy ~ ton picl"'Up impact~ the Foothills Parkway Bridge Rail at 46.6 
milh {75.0 bnlh) and 20.7 degrees . The impact point .. vas located midSpan be tv..-t:~n tbt; sixth 
and seventh posts from the upstream end of tht: instali<Hion as shown in figure 76 . A smnrmtry 
of the test r·csults and ~cqucntid photographs an~ shown in figure 77. Additional sequential 
photographs are shms.rn in figure 7 8. 

Shortly after the impact with the bridge railing, both the to;p (I.Jl(J bottom rail fractur·ed 
completely through at post no. 7. In addition the IP<>Sr and anchor asseuibly was uprooted 
from the concrete curb . After the vehicle had penetrated the bridge rail , it comi.uued down the 
lengtl1 of the system. knocking posts over until it came to a s~op when the rear axJe snagged on 
~he last post . 

The vehicle damage. shown in figure 79, included the crushing of the right-front corner 
of the "ehicle and mlnor scrapes and den£:S along the length of the pruiscngcr sidt:. The rigb(­
frunt tire was blown out, and the rim was bent. The maximum crush dcfo11Ill\tion of 26. 5 in 
(67. 3 em) is shown .i..o. figure 80. 

The longitudinal and lateral occupant jmpac£ velocities were 10.4 ftls (3.2 mls) and 
16.0 ft/s (4 .9 mfs). respectivel y. The mMdn1un1 OC:Cltlp3flt ridedown decelerations were 6.0 g 's 
(longitudinal) and 8.0 g' :s (lateral). The results of this analysis are summarized in figure 77 
and table 7. Acccfcromctcr traces are presented in appendix C . 

As shown in figure 81 . the bridge rail and curb were totally destroyed in Lhe area 
where the impact occurred. It was. evident from iliis test tbat both the post-to-deck connection 
and the a1um1num rail itself needed to be redesigned. FH\~TA engineers remedied the first of 
these problems, as shown in figure 67 , by extending the anchor bolts through the entire deck 
in .. te~d of s3mply casting them inlo the 6 (152 rom) in cu b. The aluminum rail was then 
redesigned by increasing the walllhickness frorn 7/32 m (5 .6 nun) to 7/ 16 in {l l. lmm). This. 
aew design w.as evalu.ared in Test FPAR-3. 
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Figure 76. Impact Location, Test FPAR-2. 
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Impact 200 IllS 

10 9 8 7 6 
&.: 

................ ·--------~ 

Test Number .. .. ... . ........... .... .. . . . .. FPAR-2 
Federal Contract No. . . . . . . . . . . . . . . . DTFH71-90-C-00035 
Date . . . . . . . . . . . . . . . . . . . . . . . . .. . 3-13-92 
lnstallatbn . . . . . . . . . . . . . . . . Foothills ?arkway Bridge Rail 
Bridge l~a i l 

Ctu:b 

Length . . .. ... .. . . .. , , .. , , . . • , . . . . . . 75 ft 
Height frorn cmb . . . . . . . . . . . . . . . . . 2 n - 3 in 
Post spacing ..... .. .. ... .. , , , , .. , , 7ft· JO-in 
Ma(erial . . . . . . . . . . . . . . . • . • . . . . . . Aluminum 

Height . .. ...... • .. . ... . •• , , , • , , , . . . . 6 in 
Top width .. ... • • ... .. , , . •. , . , • . . I fl • 4.5 in 
fJouom width . . . . • • . . . . . . . . . . . . . . . . I 1\ - 6 in 

Vehicle Model . . . . . . . . . • . . . . . 1984 Chevy %-ton pickup 
Vehicle Weight 

Curb 
Te.st Inertia .. ... .. •.. .... .. ... .. .. 
G•·oss Static .. . •• . . •. . ... . .. ... •. , . 

Figure 77. Summary of Test FPAR-2. 

4.520 lbs 
5.300 lbs 
5,465 lbs 

5 

400ms 600 ms 800 ms 

4 3 2 1 

Speed 
Impact , . •.• , , , •.•.. , • , ..• , , , .. .. 46.6 mi/h 
Exit ... . ... . , .. ... . ... ... .. ... .... 0 rni/h 

Angle 
l HllJilCl . . •.• . ... 0 •• • • 1 I •• 0 • • • • • • • 20.7 tlt;g 
Exit , , , , ... , , , , , •• , , , •••. , , , , , ... . .. NA 

Occupant Impact Velocity 
Longitudinal ... . .. . . .. ... . ... ... , , •. 10.4 ft ls 
Lateral .. .. . . .... . . . ... .. . . .... .•. 16.0 ftls 

Occupant Ridedown Deceleration 
Longitudinal . . . . . . . . . . . . . . • . . . . . . . . . 6.0 g' s 
Uuenl.J ... . ... . . . ... . . .. . ...... . . . S.O g's 

Vehicle Damage 
TAD . ..... .. . .... .. ... • .. . ... . .. 1-RFQ-4 
VDl .. ... .... .. .. . .. • . •. ...... . . OIPRES2 

Vehicle Rebound Oisrarlce .... ... . .. .. ... . . .... 0 ft 
Bridge Rail Damage . . . . . . . . • . . • . . . . . . . . Destroyed 
Maximum Deflections 

Permanent Set . . . . . . • . . . . . • . . . . . . . . . . . . . N A 
Dynamic . . . . . . . . . . . . . . . . . . . . . . . . . . . . NA 

Conversion Facto•·s: I in= 2.54 -: m; I lb= 0.454 kg 
1 ft/s = 0.})48 m/s 
I mi/h = I .5095 kmlh 



impact 450 ms 

90 ms 540 ms 

180 ms 630 ms 

720 ms 

360ms 810 ms 

Figure 78. Downstream Sequential Photographs, Test FPAR-2. 
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Figure 79. Velticle Damage, Test FPAR-2. 
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Fi·~ure 80. Crush Depth Dh1gram, T~st FPA.R-2. 
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Figure 81. Bridge Rail Damage, Test FPAR-2. 
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Figure 81. Bridge Rail Damage, Test FPAR-2 (continued). 
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The 1.985 Ford ~ [Oll pickup impacted the FoomiUs Parkway Bridge .Rail at 4:5.7 mi/h 
{73 .5 krn/h) and 22.7 degr.ees. The impact ·point was located midspan between fu~ fifth and 
s.Extb posts from tb.e upsu:eam end of the ills~..allation as shown in flgurc 82. A summary o f ilir; 
te.~t results and scqm: .. 'nti.al photographs ar·e shown in figure 83. Additional ~quenti.al 
photographs al"e shown in figure 84. 

The vehk:le was. srnootlt~y redirected by the hddge raHing, w ilth a relatEvely small 
arnmlm of damage ro the rail and ,~ehrcle. Tne:re wa."; no snagging of £.he. vehicle or any 
evidence of cracking in the deck or curb . The maximum permanent set defle..ct[on of 1.9 in 
( 4 . 8 ern) occurred midspan of posts nos_ 5 and 6. The damage ro the bridge rail is ~hown in 
figure 85 , and the vebJcle trajectory j,s shown in figure 86. 

The vehicle damage . sllown in figure 87, blcluded tile crnsblng of the r ight-front corner 
of the vehicle and scrapes (W(], dellts along the length of tbe passenger side. The rjght-front tire 
was b]milln out, and fuc rim was bent. The Illaximu_m crush deformation ot" 10 .7.5 in (27 .3 cn1) 
Is sho\;vn tn figure 88. 

]l"Le long1rudinal and latera[ oc:"t:upmt impau "·elocities. as delennined from high-speed 
m.m analys~s . were 10.4 ft/s (3 .17 rnls) and 16 .0 ftfs (4.88 mls). respectively. The .maxi.Enum 
occupant ddedown decdcrations were 6 .0 g 's (longitudinal) and 8. 0 g • s (lateral) . The resu~ts 
of this analysi~ are ~umm:rrizcd in figure 83 and table 7. Accderometer traces are presented 
i rt appendix C. 
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Figure 82. Impact Location, Test FPAR-3 . 
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Impact 120 ms 

Tcs1 N•nnber. . . . . . . . . . . . . . . . . • . . . . . FPAR·3 
Fe.deral ComraCI No. . .. .. .. .. VTI"H"Il-YU·~-OU03~ 
Da•e . ... .. ... .. ... ... .... ... ... .. . 6-7-93 
Installalion . . . . . . . . . . FoOihills Parkway Bridge Rail 
Bridge Rail 

Leng1h . . .. ... ...... .... •. .... .. . 75 fl 
Heigh! fro:n curb . . . . • • . . . . • • • . . . . 2 0 3 in 
Pos1 spaci•g . .......... • . ••• ... 7 f 1 10-in 
Marerial .. . .... .. .. ...••... .. Aluminum 

Curb 
Height . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 in 
TO!) widlh . . .... .. .. . . . ... .... I fl 4.5 in 
BOHOIU wijLh . . . . . . . . . . . . . . . . . . . 1 ft 6 in 

Vehicle Model . . . . . . . . . . I985 Ford l!o-ton pickup 
Vehicle Weigh• 

Cu1·b .. .... .. •.. ..... .. .. ..... 
Test Ineni:t .. . . .. ... .... .. ... . . 
Gtoss S1a1ic ...• •• ... . ... .. • ... . 

4,060 lbs 
5,400 lbs 
5,565 lbs 

Figure 83. Summary of Test FPAR-3 

240 ms 360 ms 

Vehicle Damage 

45.7 mi/h 
30.6 mi/h 

TAD ..... .. .... .. .•• . •... . 1-RFQ-3 
VDI . ... .... ... .... .. . ... OIRYES2 

Vehicle J{ebound Oismnce .. . .. .•. .. ... . 24 ti 
Bridge Rail Damage . ..... .. ., . . ... ... Minor 
Maximum DeflecLions 

Permanent Set. . . . . . . . . • . . . 1.9 in 
Dynamic . . . . . . . . . . . . . . . . . . . . . . NA 

co,wersir.IJ\ F:.ciOJ'S: I in=" 54 r:m: I lb = 0 454 kg 
I 0/s = 0.3048 m/s 
I mi/h = 1.6095 km/h 



Impact 240ms 

60ms 300ms 

120 ms 360ms 

180 ms 420 ms 

Figure 84. Downstream Sequential Photographs, Test FPAR-3. 
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Figure 85. Bridge Rail Damage, Test FPAR-3. 
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Figure 86. Vehicle Trajectory, Test FPAR-3. 
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Figure 87. Veiicle Damage, Test FPAR-3. 
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Fi:gu.re 88. Crush Depth Di'lgram, lest FPAR-3. 
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C01\1PO:\ 

Standard rens []e samples were o b[ained from the two alu;r11 inum raHs that ,~,rere cvaluatL.-d 
during this project. TheY~ sample~ were tt-S[OO to verify that tl-1ey met me specifications for 
ah.uninum ex~rude.d tube ASTivl B-221, .A.Jloy 606l -T6. The results of chis resting is 
summarized in table 6 _ 

Table ~6. Re-sults of C-oupon T~estina from Aluminum Rail Samp~les ·· ~- e . 
I'v1aterial Pr--opert::y Specification FPAR-1, 2 FPAR-3 

Yield Stress 3.5 000 lbf/ur 4 1,500 lbf/in2 43 800 lbf/inz 

Ultimate Stress 38~ 000 lbf/inl 46 t 800 lbflill1 45,300 lbf/ in2 

Percent Jongation 10% 15.8% 9.9% 

EVALUATIO!\ S Ai.\·lARY 

The test<; described herein were evaluated according to criter ia for PL-1 bridge railings 
pres-ented ifi AA Sfl'l 0 Guide Specifications for Bridge Railings . (i) Tbey were conducted and 
reported in accordance with 'the requirements in NCHRP Report 230.<4) Table 7 summ,arizes 
all of the relevant evaluation criteria from AASH TO as wen a~ the fmdings from tlle three 
te..<.;trs reported berein.L8> As shown in this rable ~ the Footbills Parkway Bridge Rail successfully 
passed all requirements for PL-1 bridge railings. 
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Table 7 Sumn1ary of Safety Performance Results FP AR Series . ' 

I 
Evaluation Criieria 

I 
3.a. The tt.st ankle shall coD&ain me vehicle:.: neilhcr the vehicle 

nor 1U c:a.rgo shall peoeuate or go over the insoll:~aon. 

Conttollcd lateral denecoon of me rest lflicle is accepcable 

3.b. Derachcd c:lemc:nts. fragment$. or other debris from lhe test 
artiele sbaJJ no' pc:ncrr.ue or show potential for peneuadn& 
the J):ls.senaer comp:utn:Jcnt or pJ:esem undue hazard to Other 

""'"·· 
l.c. l.megriry of lhe pa$$e.nger comparonenl musl be maintAined 

with no intrusion a.od essentially no deformation. 

3.d. The vehicle sha1J remain upri.gb~ 4uring and afu:r collision. 

3.e. 'The tc:St amcle shall smoothly redirect the ve!uc-tc. A 
redirunon is dec.rmd smooth if the rear of me ''eluc.lc docs 
noc yaw more tba.D S degrees a"'oay fmm tbe railing from 
time o( impact uncil the vducte st:parutS from !:he-ni!ina. 

J.r. 1bc smoothness of me veb.iclc-ra::ilin,g interaction is funhtr 
&S$C.$$Cd by che effective coeffic:icDl of friction p, whe~ 
• • (cos6 • V ,!V)Isin6. 

l! A~5ell5ment 

o.o. 0.25 Good 
0.26. 0.35 Fair 
> 0.35 Marginal 

3.g. The im~ct veloci()' of a hypothetical front-seat passell,ier 
ft.ga inst chc vehicle interior. calcuJated from vehicle 
accclerauons and 2.0 ft longitudinal and J .0 ft lateral 
displacements. shall be less !han: 

~YRIIU ID'JL'!i!51 V~lQSitv- ft/s 
IAJog!rudinal J.ilwl 

30 25 

and (or the vebklc JU&bcsliO-ms ncnge aceeleratiofts 
subsequcN oolbe iMwu of bypo<betical puscngcr impact 
sllould be .... !han: 

Qs$,U~an1 m!l!down AeeeleraciQil:i • g'i 
l&;oeinadrnal Uter.ll 

IS 15 

3.h . Vehicle exh angle from the barrier shall not be more lhiln 12 
degrees. Within 100ft plus the lcogth of the test \'thicle 
from the point of initial impact with tbe railing, the r.tilina 
side or lbe \'Chicle shall move no more than 20ft from the 
line or the traffic face of the rail..Ulg. 

S • Satisfaclory 
M • MlflWI Conversion Factor. I ft • 0.3048 m 
U • Unsads.faccory 
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Resul!S 

FPAR·l I FPAR·l I FPAR·l 

s u s 

s u s 

s s s 

s s s 

s u s 

F NA F 
()' e O.Ui) <• • 0.34) 

Occupanl Impact Velocity (ft/s) 

Long Lat. Long. La!. Long. Lat. 

s s s s s s 
(9.6} (23) (10.4) (16} (10.4) (16} 

Oca!po.m Ridedown A«<l<nLOOOS (J'S) 

Lolli Lat. Long. La!. Long La!. 

s s s s s s 
(5.7) (4.3) (8) (8) (8) (8) 

s NA s 
(5.4 dcg) (5.0 dcg) 

u NA M 
(37 ft @ 113ft) (24.0 (! @1 18 fl) 
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6. NATCHEZ TRACE PARK\\i'AY BRIDGE RAIL 

TEST ]NST ALLA TION 

The Na•chez Trace PaJkway Bridge Rail incorporates a 13-in (33-:rnm) deep concrete 
railing mounted at a height of 32.5 in (826 mm). Each railing element of the rest installation 
was 37 [[ 9 ~ in {1.1 . 5 m) long and is supported by six concrete posts spaced al 1 fr 6 ~~ i.rl 
(2 .3 m) ccmers. Adjacent rnili.ngs are .aot connected and Lh ll1 (13 Illln) wide expansion j oints 
arc pJaccd at the end o( each raill eJerneur. The concrct,e posts are moUilted on toJ) of a 10-iu 
{254 mn1) high concrete curb. The fuce of the cmb e~tends approxin:aately 4 ill (102 n1I'll) out 
from the face of the concrete barrier raihng. The wingwall soction of the bridge rail is flared 
back away from the travdway and tapered down to a height of 16 in (406 mm). Photographs 
of the test installation are shown in figure 89 _ Cross s-ection and profik drawings of the 
Natchez Trace Parkv.•ay Bridge Rail are shown mn figure 90_ The test instaUation was 
const:rocted on a simulated coDcrete bridge de<:,k measuring 79.5 ft (24 _2-m) lung and 5 ft 9 in 
(1. 75-m.) wide_ A t}'Pical cross .. section of the simulated bridge deck is shown in figure 43. 
Epoxy coated grade 60 reinforcement sreel ancl class A air-cnrrairu..xl concrete we.re used 
throughout the instal lation_ The 28aday compressive strength of ·the: concr,et~ rail and posts 
was measured to be approximately 5,700 lhf/i.n~ (39.310 kPa)_ The Sl ~day compressive 
strength of lhe curb was appr-oximately 6,500 ~bfli.n~ (44.830 k:Pa)_ 

TEST CRITERIA 

This bridge rail system was evaluated acc.orchng to the PL-1 cdteda for ibridgc railing.s 
prc.-scnt!."d by AASHTO-ts) Tlle full-scale vebjcle crash ~ests were conducted and rcporred ill 
accordance with requirements specified j fl NCHRP Report 230_ f-n The vehicle: damage was 
as:scssed by lhe TAD and VDl . (f>,7) 
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Figure 89. The Natchez Trace Parkway Bridge Rail. 
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Figure 89. The Natchez Trace Parkway Bridge Rail (continued). 
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Figure 90. Natchez Trace Parkway Bridge Rail Details. 
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TEST VEillCL.ES 

The test ve.lticles used 1n the evaluation of tltis sysrern are sorrm1arized iu. [abl~ 8. The 
pretest vdlidc dimensions and phorogrupbs an: presentt:d in appcndiA B. 

Table 8. Test Vehide Summary, NTBR Series. 

Test No. Vehicle Test Inertial V.7eight 
I 

(lbs) (kg) 
I 

NTBR-1 1984 Chevrolet JA -ton pickup 5.400 2,45[ 
I 

NTBR-2 19&4 Rtlliiult Encore 1.850 840 

TEST RESULTS 

Tesr NTBR-1 

Tile 1 9~ Ch~vrol,et Custom Deluxe 20 pickup impar;tcd tile bri:tlgc ra.il at 45.2 nll!b 
(72.7 'krnlb) and 22.4 degrees. The imp:JJct point , shown in figure 91, was located at rniuspan 
berwee.n post nos.. 5 and 6. or 4-ft 6 \life-in (1 .3'9 m} upsttea.m from tile center of the bridge rail 
expansion joiut A Sl!lffinlary of the te~ results and !iequential photographs arc shown in figure 
92. Additional sequential photographs are shown in figure 93. 

Upon impact, the right-front corner of the test vehicle crusbed inward and the right· 
front rire began climbing on~o the curb. Approximately 32 ms after impact, the right-front tire 
became wedge-d under the concrete rn.il. The right-front corner of lhe vehkle began to move 
up\~t'ard. at 56 ms beo.itlse of compression of the front suspens ton. At 7 5 m..';, the righrt· froru 
corner of the \'chich; reached the bridge rail expansion joint . The vehicle became parallel with 
the bridge rail at approximately 250 ms at a w::locity of 37 ml/h (59 .5 \.'1Uih). The left-front 
tire lost contact with lhr: r()ad way surface 2:55 ms after impac:.t. ·n1e r ight-rear r:ire blew out 
when it contacted r.hc expansion join£ between the two railin~s at approximately 310 ms. The 
vehicle exited the bridge cail at approximat·ely 335 ttlS w~rh an a n~le of 1 . 6 degrees and at a 
fipee.d of .37 .0 mi/n (59.5 kmlh}. Tbe left-front tire returDe.d to the roadway surface at 474 ms. 
Damage to the suspension anti tires eaused me vehicle lO steer lJ,ack into the bridge rail , and a 
seco-nd imp:act occurred ar Eh~ downstream end of lhe· br~dge rn1 ~ and win_g'llvall scc."tion~ The 
vehicle came to a stop approximart:l)' 105 fl {32 m) downstream fro~n unpact,, as shm·¥'n ir.1 
t3gure 94. The maximum pt~ndicular disrance betl.veeD the dght :side of the test vehicle and 
t.he barrier face was approxinla.tely 1 0-i.tl (2:5 em) at a poinr 30 ft (9 .1 m) downstream from 
1mpact. The effccti·•r"c t;Oefficient of friction was fouud to be 0.28 and wou!d be classified as 
fair according to ilic AASHTO Guide Speci(i.cmions for Bridge Rai lfngs.<'> 

Test vehicle damage was relaJ:ively minor aDd was largely limited to the right-front 
quane.r panel and front bumpr.:I. as sho"rn in figure 95 . Both righr-sJde tires were blo\'r'n om. 
and the rims were: d<Mnagcd during the impact. The rjght-rear bumper a~so received minor 
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damage. There was no imn1siou or deformation of ilie oc.cupa.Et compartment . V chicle crush 
measuremenls are shown in r1g11re 96 . The brjdge rail ret:civ~d. sup~rficial damage, as shov.'ll 
in figure 97 . Heavy tire marks .and deep scrap~;s on the rail. indicating large contact forces 
were found over a 13-ft 11-in (4.2 m) length of the brrdge Tail . Lighter tire marks and small 
scrapes were observed over a 13 ft (4 m) length of the rai l. Evidence of ;mpact wUb the curb 
\\'"aS limited ro 4-ft &-in ( 1.4 m) of tire marks. 

As a result of ~ecJ1nical problems fncurred during this test, tlle accelerometer data were 
uot avaiJable . As a result , the high speed film was analyzed to ohta.in long itudinal and lateral 
occupant iD1J>act velocities of 10.8 ftls (3. 3 mls) and 2.2.2 ft/s (6. g m/s} ,. respe:tively . The 
Wghest occupant rided0\\'11 dece~erations in the longitudinal and lateral d i reotions were 6.3 g Is 
and 9.5 g Is I respectively. The r-esults of t.hjs analysis are summarized in fig·ure 92 and 
tab]c 9. 
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Figure 91. Vehicle Impact Location, Test NTBR-1. 
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TeS-t Number .. . ............ .. , , • , , , ... NTOR-l 
Dale 7·9-92 
Bridge Rail Jnst3Uarion ........... , . . . . . . . Na~chez. Trace Parkway 

Curb and Bridge Rail 
·rota! L..englh . . . . . • • . . . . . . . . . . . . . • • • • . . 93.6 n 
Matcri~t_l 

Concrete . . ...•.••. , .. , •• , ........ , Class A AU (4000 psi) 
Reinforcing Stcc:1 •••..•• ...... • , . . . . Orade 60 Epoxy Coated 

Co•~cl'ete Curb 
Length . . . . . . • • • • • • • • • • . . • • • • . • . . 93.6 fl 
Ootlom width . . • • . . . . • • • • • • • • • • • • • • 18 in 
Top Width . . . • . . • • • • • • • • • • • • • • • • • 16.5 in 
Height • • • • • • . • . • • • • • • • • • • • • • • • • • 32.5 in 

Concre te Po~IS 
Length . ...... •.•••.•.••.•. , . , . • • 13 in 
Widlh .... .. ..•......•• , . . . . . . . . . 181n 
Depth ,,, ......... • . • .. • ... , ... ,, \)in 

Vehic le Model ... ..... , ....••. , , , , , , , , 1984 Chevrolet 
Cusmm Oelu.xe 10 

Vehicle Weight 
Curb • . . . . • • . • . • . . . • • . . . . . . • . 4,610 lbs 
Test Inertia . . . . . . . . . . . . . . . . . . . 5,400 IM 
Gross Static • . . • • • • . . • • • • • . . . • . S.S6S lbs 

Figure 92. Summary of Test NTDR- 1. 

175 ms 319 ms 
~·· 

I--;;::; 

76 s 4 3 c 
t 

Vehicle Speed 
fmpact •••••••••••••••••••••••• .• 
Bxit . •••••••••••••••••••••••••. . 

Vehicle Angle 
fmpacl) ..•••••••.•••••••••....... 
S.xit •••••••••••••••• , •••••••. ... 

Vehicle Snagging •••• ..• •••••• ... • . • .... 
Vehicle Stability .... ... .. .... ......... . 
(!.fft.'Cth•c Coefficient Q( J!ri c:tiou (,.l) ••• , •• , , , . , 
Occup;~nt lmpac-t Velocily 

Longitudinal •.•. . •.. , . , .... • , ..... 
L;ueral • o o o •• 0 , , • 0 •••• , , , •• , , , ••• 

Occupant Ridedown Decelerntion 
l..A)rJgitudinal .•.. , ••••••••••• , • , .. , 
Late-rat .••.......•• ••••..• , , . , ... 

Vc.hicle Oarn:agc . . . • . . . . • , • 0 • , •• , , , •• , 

TAD ...•.•.•..•• o., ••• .. •. ... ,. 

VOl . . . . . . . . . . . . • . • • . . •.. , ..... 
Bridge R.all Oama.ge .....•...••.•••• , , , , , 
Maximum Vehicle Rc:bolrnd Oi.lt:mc:c: • 

I 

Conversion Factors: I in= 2.54 em: 1 lb• 0.4$4 kJ 
I fils • 0.3048 m/s 
1 muh • 1.609$ kmlh 

1-rr 
llt 

ir-· 

' .... _,, 
• 

,.,...._ 
4S.1 mi/h 
37.0 ml/h 

2'2.4 degrees 
1.6 degrees 
None 
Satisfnctor)' 
0.28 (rnlr) 

10.8 ((/$ 

22.2 '"' 

6.3 g"s 
9.S g"s 
Minor 
l·RFQ-3 
OIRFEW2 
Minor 
0.83 ft 

711 ms 



Impact 310 IDS 

75 IDS 335 ms 

126 ms 

193 ms 375 IDS 

250 ms 

Figure 93. Overhead Sequential Photographs, Test NTBR-1. 
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Figure 94. Vehicle Trajectory, Test NTBR-1. 
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Figur e 95. Vehicle Damage, Test NTBR-1. 

143 



y 

1 
1.5.. 5.0-t 16.0. 

e.G. 

3.5 ... 

------t------ X 

No sca.le 

1-Ma x tr)UJ'") s tel t~c crush diStance of 16 • oc cu rre d 
a-t (24 .. ~ 90 .. ) Mo.rke-d by the point. 

Jiignre "· Crush Deplb Diagram, Test NTBR-1-

144 



•• 

.. 

Figure 97. Bridge Rail Damage, Test NTBR-L 
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Test ;TB.R-2 

Tile 1984 RenauJt Encore impacwd the bridge mil ;at 51.5 mint (~7 . 9 k'_m.lh) and 19.5 
degrees. The impact puinr, shown in figure 98, was located at midspa[l bern•een post nos. 4 
and 5. A sumrn.ary of lh~ H~-sr results and sequentia1 photographs ar,e sho\vn .i.n figure 99. 
Additional ~cqucntiru photographs are shown in figure 1 00. 

After the init.iall impact with the bridge rai1, the right-fton~ corner of the vehicle 
crushed inward, causing the. bumper to penetrate between lhe curb aDd the rail. 
Simultaneously, the right-front tire wa.~ deformed ag~wst the face of the curb. Trus inrerac~~on 
of the curb and the wheel cattJased the tire to blow out. The ·velticle became p.arallel \Vitll rh~ 
brid.ge rnH at appro::dmate.ly 164 ms with a veJoc.Uy of 38.3 milb (61 .6 kmfh). During 
rooi recdoo. the left-r-ear tire began to uplift, causing the vehicle to ron cJocho.•ise tO\-'t'anl rhe 
rail. The veltic]e exj~:ed tbe rail at approximately 345 ms witb an angle of S. 5 degrees and a 
speed of 32..4 Jnilb (52. 1 km/h). Both left-side Lires contacted the ground at 760 ms as. the 
vehicle yawed away from the rail. The vebick ':s trajectorJ is sho·wn in figure 101. The 
maximum rebound distance was approximately 25.3 ft (7 .7 m) which is hightr ·[fum the dc~rrcd 
value of 20 ft (6 . 1 m). The eff~live coefficient of friction was found to be 0.60 and would be 
classified as fair .ifccording to the AASHJO GzJ.ide Specifications for Bridge Railings. (a) 

Test vehicle damage wa..r;;: re~ath•el}' minor ami was large1y limited to 1he right-front 
quarter panel and. whe.e1. an-d front bumper, as shown in figure 1 02. There was slight buc.k l ing 
of the right-from floorboard. and roof. The vehicle rem~dned upright both during and after tile 
test. and t]__1ere was no i:ntrttls fOn of the occupant compartment. Vehmde. crm;h rneasuremenrs 
are shO\llJl in figure l03. 

Uridge :rail dan:mge is s.ho'WTI. in figure 104. Tmre marks and minor concrete. spalling 
accounted for the majority of the dama.ge. The length of the. ma.rkings on the rail were 
approximately 7.5 ft: (2.3 m), caused by tile scrap]ng of the. bumper and the fender. The length 
·Of the markings on the curb were 8 . 5 ft (2 .6 m}. caused by rh,e rubbing of the right-front tire 
whiclt ble\v out at impact. 

TJ1e normalized Jongitudinal and Jateral occupant impact velodde;s, as determined from 
ac:cclcrome[er data, were 19.4 ftls {5.9 mls} and 26.2 ft/s (8.0 mJs). respeaive1y. The highest 
1 0-ID5 a vc.rag.e ,occupant dded,own decelerations were 3. 7 g 's (longitudinal) and j . 3 g 's 
(latcnd). The resul[S of this analysts are stumn.arized m t1gllre 99 and rable 9. The 
acoclcrome[e.r t.races are shown in appendix C . 
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Figure 98. Vehicle Impact Location, Test NTBR-2. 
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00 

Impact 

1'e$t. Numbc r •• 
O.te 7·21·92 

162 ms 
I t?6' 

J1 10 9 

n·-6·1 ~ 
($> 

. . • • • • • . • . . • . . . . • . NTDR·2 

Bndsc Rtil lru&allalion • • • • • • • • • • • . • • • . . . . NalChet. Trace Partway 
Club and B<Mlge lbil 

Toull..e1!3d• • • . • • . • . . . • • • . • • • • . . . . . . . . 93.6ft 
Conc;rctc Curb 

t.ens(h •••••••••••••••••• ••••••.• 
Bouom width .••..• . • ......• ••• , •.. 
Top \\'idth ........•••.••• . • . • .. . . 
!-Ieight ..•. ' ' . .. ' .•••• ' ..•.. . . . 

Concrete R:all 

93.6 ft 
18 in 
16.5 in 
10 in 

t,c:ngll> ....... . . . ......... , ... , . 78. Ho 
12 in 
10 in 
19.5 in 
'32. 5 in 

Oouotn Width .. ... .... ......... . . . 
Top Width ..... .. . .......... .. , , , 
Ootton1 llciglu •••.•• . , . ...••• . • .. .. 
Top Height .•..••••••• , •..• ....... 

Concrete l,llSIS 

Lengtl-. . . • • • • • . • . • • • . • • • • • • • • • • • • 13 in 
\Vidch . . . . . . • • • . • . • . • . . • • . . • . . . • 18 in 
Depth .....•..............•.• , • • . 9 in 

Vehitle Model . • • • • . . . • • .. • • • • . • • • • • . . • 1984 Rcnauh Encore 
Vehicle Weight 

Curb ....... . ............... . 
Test lntnia ..••... ........... • 
Gross Static ..••...••••..•• . ... 

2.070 lbS 
1,850 lbS 
2,01S lb.' 

Figure 99. Summary of Test NTBR-2. 
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Figure 100. Overhead Sequential Photographs, Test NTBR-2. 
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Figure 101. Vehicle Trajectory, Test NTBR-2. 
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Figure 102. Vehicle Damage, Test NTBR-2. 
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FigW'e 193 .. Crush Depth Diagram, Test NTBR-2. 
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EVALUATION SUMMARY 

The tests described here were evaluated according to criteria for PL-1 bridge 
rails presented in AASHTO Guide Specifications for Bridge Railings. <8> The tests were 
conducted and reported in accordance with the requirements in NCHRP Report 230.1' ) Table 9 
summarizes all of the relevant evaluation criteria from AASHTO, as well as the fmdings from 
the two tests reported here. (8) As shown in this table, the Natchez Trace Bridge Rail 
successfully passed all requirements for PL-1 bridge railings. 
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Table 9 Summary of Safety Performance Results, NTBR Series . . 

Evaluation Criteria 

3.a. The test anicle shall contain the vehicle: neither the vehicle nor its 
cargo shall penetrate or go over the installation. Controlled lateral 
deflection of the test anicle is acceptable. 

3.b. Detached elemems. fragmems. or other de.bris from the test article 
shall not peoeLrale or show potential for peneuating the passenger 
companmf;m or pre::~m unt.luc:. II<U.auJ to ull •~• Ltafl1t;.. 

3.c. Integrity of the passenger companmem must be mai.mained with no 
intrusion and essentially 110 deformation. 

3.d. The vehicle shall remain upright during and after collision. 

3.e. The test aniclc shall smoothly redirect the vehicle. A redirection is 
deemed smooth if the rear of the vehicle does not yaw more thaJ.l 5 
degre.:-..s away from the railing from time of impac;t until the vehkle 
separates from the railing. 

3.f. The smoollutess of the vehicle-railing interaction is further assessed 
by the effective coefficient of friction JA. , where 
Jl = (cos6- V.JVl / sinS . 

_JL Assessment 
0.0 . 0 .25 Good 
0.26. 0.35 Fair 

> 0.35 Marginal 

3.g. The impact velocity of a hypothetical front-scat passenger against 
the v~hicle ime.rior, calculated from vehicle accelerations and 2.0-ft 
longitudinal aJJd LO-ft lateral displacements. shall be less than: 

Ocqanaol trnna~r Ve-locirv ~ ftl~ 
I.&oeill•sliDal Late.ral 

30 25 

and for the vehicle highest lO~ms average accelerations subsequent 
to the instant of hypo!l>etical passenger impact should be less than: 

Occu~~tU Iid~Q:wn Acceleration§- g's 
Longiludioal Lateral 

15 15 

3.h. Vehicle exit angle from the barrier shall not be more than 12 
degrees. Wi!llin 100ft plus the length of the test vehicle from lbe 
point of initial impact with the railing, th.e railing side of !he 
vehicle shall move no more than 20 ft from the line of the traffic 
face of the rail in<. 

S - Satisfactorl 
M · Marginal 
U · Unsatisfaaory 
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Results 

NTllR·l NTBR·2 

s s 

s s 

s s 

s s 
s s 

F M 

(1'=0.28) (p = 0.60) 

Long. Lateral Long. Lateral 

s s s M 
(10.8} (22.2) (19.4) (26.2) 

Occupant Ridedown Accelerations (g"s} 

Long. Lateral Long. Late.ral 

s (6.3) s (9.5) s (3. ";) s (7.8) 

s s 
(1.6 deg) (8.5 deg} 

s M 
(0.83 ft) :25.3 ft) 



7. S'fEEL-BACKED LOG RAn .. 

TES-T J\TS ] A l.l.A TION 

The Steel~ Backed Log Rail was con.~tructed from l 0-in {254 mm) diameter timber !ogs 
backed by 6-in by %-in 052 mm by 10 mm) AStM A588 steel plates. Backup plates ,;..·ere 
attached to the log rails with ~/s-;n by 4-·in (16 rum by 102 mru) lag screws, and the 10-ft (3 .05 
m) long rai.i ele1nent.~ were CQnnected with (Hn by %-in (152 mm by 10 mm) steel splice 
plates. The rail'i111g was mounted on n ... jn (305-mm) diameter round posts w1th c~st steel 
blockours placed at each splice joint. The center of the rail elements was placed at a hejght of 
l f~ 9 in (0.53 m). Photograplls of the Stee-l-Backed l.og Rail are shown in figure 105 . 
Dr:sjgt~ de[ails are shown .i.u appendix A. 

TEST CRITEIUA 

This system was evaluated according to the PL-1 criteria presemed in AA.SHTO (I-ll. This 
barrier system was being de';.reloped for use on park roads where lhe ·expected opera~ing speeds 
were 45 mifh (72.4 km/h) ·Or Jess. At the time iliese tests were conducted, there were no 
recognized tes[s at Jow speeds ex.cep[_ fo,r the tests fo·r PL-1. The futl-scale vebicle crash test.;; 
were conducted and reportetl in accordance wirh req~airements specified in NCHRP Repon 
230. (·1) The v·chiclc damage was asse--ssed by the TAD and VDV~.7} 
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Figure 105. The Steel-Backed Log Rail 
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Figure 105. The Steel-Backed Log Rail (continued). 
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TEST VEmCLES 

Tne tes.t vehicles used in the evaluation of lhis system are stiiilDlllii.zcd in table 10. The 
pretest veh [cle dirnen.:;oions and photographs arc prcs.Cn[erJ in appendix B _ 

Ttlble :tO. Test VeWdc Surn1nal-y, S.Bl .. R Series. 

Test No. Veblcle 'Jesr Inertial Weight 

(lbs) (tg) 

SBLR-1 1984 Dodge Colt 1,850 840 

.SBLR-2 1986 :l.4 ton Cnevro!et pickup 5,400 2 452 

TEs-T RESUl/fS 

·rest S:U.LR .. l 

The 1984 Dodge Colt impacted. thl! Stt..-el-Backed Log Rail ar 50.6 miJh (&1.4 tm./h) 
and 19.2 degrees- 'f]le impact point. shown in figure 106, was located mid~-pan between posts 
nos. 2 and 3. or 1.5 ft (4.6 m) downstream from the upsrrcam ~ of tlt~ installation. A 
summary of the te-st re..'illU:S and ~...quentiat photographs are shown in figure 1 07. Adtlirional 
sequential photographs are shown in figure 108. 

Upon impact \Jtirh. tile log rail, ilic front bumpc:r slipped under the mil. and £he fcoot­
riglu corner of the vehicle began to crush inward. Tht vehicle sJid along £.be log rail and 
rucbe<l po-st no- 3 at 64 ms after impact_ The ·vehicle reached post no. 4 QiPproximately 216 
ms af[tr impact and ~m.e parallel to the rail at approximately 352 rns. The vebicle exited 
the rail at an angle of 2 degrees approxin1ately 503 rns after impact_ After e:ri[ing lbe rail. the 
vcruclc continued to travel downstream and to the left coming to a rest 240 ft (73 m) 
downstream from ~ct and 1.53 ft (46.5 m) to the left of a line paralleL to fue railillg face. 
Tills -..•chiel~ trajectory ls shown in ftgure 109. 

Test vehicle· damage. was relatively mmor and was largely limited to the rigbt-froflt 
quarter panel and passenger door. as shown in figure 110. There was no intrusion or 
dcformatiml of the occupant c.omp.artment. V ehiclc crush measureruems. are shO·Wn in f1g'Ure 
1H . 

Damage to fhc log raiL COil.Sisted ot" minor scrapes on the surface of die rail and a 
muimum permanent deflec tion of 2 15/1 6 in (75 mm) at the first post after impact. This 
damage can oc set:n in figure 112. The effective coefficient of friction 'lj\•RS found to be 1.1 8 
and would be classified as rnrurgi.nal according to !the MSHTO Guide Specifications for Bridge 
Railing:~_ tS> 

The longitudiruti and lateraJ oceupant impact velocide.s . as dctcnniru..-d from 
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aocelerometer data, w-ere 24_ 3 ftJs (7 A m/s) and 2 L 1 ft/s (6_4 m/s )~ respec:tive~y . The higbest 
1 O-ms ave,rage oc.cupant ridedown decele~tio:o" were 3. 9 g Is (long~rudi na 1) and 4-l~ g Is 
(lateral). The results of tlli s analys~s are summarized in figure 1 07 and table ll- The 
accelerometer tr.~ces are sho'vn j n appe-ndix C. 
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Figure 106. Vehicle Impact Location, Test SBLR-1. 
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Impact 

' 
•• 

• • • f <!I 9! . ' 
9l 9l 

314 ms 418 ms . 
w 

... _ sP,~ 
~------------J·~·~~-----------J 

- t:'E!tJ Test Number .. . • ..... . ............... SBLR-1 
Date . . . . . . . . . . . • . . . . . . . . . . . . . . . . 6118/92 
Installation . . . . . . . . . • . . . Steel-Backed Log Guardrail 
Installation Length .•.. , . . . . . . . . . . . . . . . . . . 80 ft 
Post 

Material . . . . . . . . . . . . . • . . . . . . Ponderosa Pine 
Diameter . . . • . . . . • . . . . . . . • . . . . . . . . . . 12 in 
Length . . . . • . . . . • . . . . . . . • . . . . . . . . . . . 7 ft 

Rail Sections 
Material . . . • . . . . • . . . . . . • . . . . Ponderosa Pine 
Diameter . . . • . . . . . . . . . . . • . . . . . . . . . . . 10-in 
Length . . . . • . . . . . . . . . . . . . . . . . . . . . . . 10 ft 

BaCklLP Plate 
Material . . . . . • . . • . • . . . . . . . ASTM A588 Steel 
Dimensions . . . • . . • . • . . . 6-in by %-in by 9 ft -9 in 

Splice Plate 
Material . . . . . • . . . . • . . . . . . . ASTM A588 Steel 
Dimensions . . . • . . . . • . . . . . 6· in by %-in by 30-in 

Cast Blockout 
Material . . . . . . . . . . . . . . . . . . ASTM A588 Steel 

Figure 107. Summary of Test SBLR-1. 

Test Vehicle . . . . . . . . . . . . . . . . . . . . . . . 1984 Dodge Colt 
Wei&ht 

Test Inertial . . . . . . . . • . . . . . . . . . . . . . . . 1,850 Jbs 
Gross Static . . . . . . . . . . . . . . . • . • . . . . . . 2 ,015 lbs 

Impact Speed . . . . . . • . • . . . . . . . . . • . • . . . . . . 50.6 m illt 
Impact Angle ... • . .. . • .. ....... • . ........ 19.2 deg 
Exit Speed .. ... .. .. .. •........ , ...... .. 28.2 mi/h 
Exit Angle . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 2 deg 
Occupant Impact Velocity 

Longitudinal ..... ..• ...... , . •.. . . • .. .. 24.3 ft/s 
Lateral . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . 2 1. I ftfs 

Occupant Ridedown Deceleration 
Longirudinal ... ....•.. ..... ...... .. .... 3.9 g 's 
Lateral .. .. ... . .... .... .... •.. ..... .. . 4.8 g's 

Vehicle Damage 
TAD .. ... .. ... ..•. . .. , . • . . . . . . . . . . . 1-RFQ-4 
VDI ............. .. • . • . • .... ...... 0 1RYES2 

Vehicle Rebound Distance . . . . . . • . • . . . . 6 ft-1 1 in@ 113 ft 
Coefficient of Friction .. . .•. . .......... . ........ 1. 18 

Con,.ersion Factors: I ins 2.54 ern : t lb• 0.454 kg 
I fils = 0.3048 mls 
1 milh • 1.6095 kmlh 



261 ms 

314ms 

Figure 108. Overhead Sequential Photographs, Test SBLR-1. 
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Figure 109. Vehicle Trajectory, Test SBLR-1. 
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Figure 110. Vehicle Damage, Test SBLR-1. 
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Figure 111. Crush Depth Diagram, Te-st SBLR-1. 
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Figure 112. Log Rail Damage, Test SBLR-1. 
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Test SBLR-2 

A 1986 %-ton Chevrolet Pickup impacted the Steel-Backed Log Rail at46.1 mi/h (74.2 
km/h) and 20.9 degrees. The impact point, shown in figure 113, was located midspan 
between posts nos. 2 and 3, or 15 ft (4.6 m) downstream from the upstream end of the rail. A 
sununary of the test results and sequential photographs are shown in figure 114. Additional 
sequential photographs are shown in figure 115. 

Upon impact, the bumper of the test vehicle began to ride up onto the Jog rail. The 
vehicle traveled along the top of the rail until it reached post no. 5 approximately 448 ms after 
impact. After impacting post no. 5, the vehicle began to rotate clockwise, coming to rest 
perpendicular to the rail 45 ft (13. 7 m) downstream from impact. The vehicle trajectory is 
shown in figure 116. 

Test vehicle damage, shown in figure 117, was limited to the undercarriage on the 
right front corner and along the right side. Vehicle crush measurements are shown in figure 
118. The vehicle remained upright both during and after the test, and there was no intrusion of 
the occupant compartment. 

Damage to the log rail consisted of scrapes and gouges along the traffic face and at 
some of the posts. A maximum permanent deflection of 9% in (232 mrn) was measured at post 
no. 3. The damaged barrier is shown in figure 119. 

As a result of technical problems incurred during this test, the accelerometer data was 
not available. Therefore, the high speed fi.lm w.as analyzed to obtain longitudinal and lateral 
occupant impact velocities of 14.8 ft/s (4.5 m/s.) and 12.8 ftls (3.9 m/s), respectively. The 
highest occupant ridedown decelerations in the longitudinal and lateral directions were 13 .1 
g 's and -13.4 g 's, respectively. The results of ·this analysis are sununarized in figure 114 and 
table 11. 
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Figure 113. Vehicle Impact Location, Test SBLR-2. 
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Impact 183 ms 

f it~ w :::::: 
• 

no "•'• 

Test Number ......................... SBLR-2 
Date . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 n9/92 
Installation . . . . . . . . . . . . . Steel-Backed Log Guardrail 
Installation Length . . . . . . . . . . . . . . . . . . . . . . . 80 n 
Post 

Material . . . . . . . . . . . • . . . . . . . . Ponderosa Pine 
Diameter . . . . . . . . . . . • . . . . • . . . . . . . . . . 12 in 
Length ... ....... ..• . • .. ............ 7 n 

Rail Sections 
Material . . . . . . . . • . . • . • • . . . . . Ponderosa Pine 
Diameter . . . . . . . . • . . • . • . . . . . . . . . . . . . 10-in 
Lel\gth . . . . • . . . . • . . . . • . . . . . . . . . . . . . 10ft 

Backu1> Plate 
Material . . . . . . . . • . . . . . . . . . ASTM A588 Steel 
Dimensions . . . . • . • . . . . . 6 in by % in by 9 ft-9 in 

Splice Plate 
Material . . . . . . • . • . . . . . . . . . ASTM A588 Steel 
Dimensions . . . . • . • . . . . • . . 6 in by % in by 30 in 

Cast Blackout 
Material . . . . . . . . . . . . . . . . . . ASTM A588 Steel 

Figure 114. Summary of Test SDLR-2. 
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711 ms 1137 ms 

Test Vehicle ... ....•.......... 1986 Chevy l4 ton pickup 
Weight 

Test Inertial . . . . . . . . . . . . . . . . . . . . . . . . 5,400 lbs 
Gross Static . . . . . . . . • . . . . . . • . • . . . . . . 5,565 lbs 

Impact Speed . . . . . . . . . • . • . . . . . . . . • . . . . . . 46.1 mi/h 
Impact Angle .. • . • ...... • ........ • ....... 20.9 deg 
Exit Speed ...... . ...... .. ..... ... ......... . NA 
Exit Angle . . ... .. ...... • .... • . , . . . . . . . . . . . . N A 
Occupant Impact Velocity 

Longitudinal . .......... ...• ... •... . • .. 14.8 ft/s 
Lateral .. .. ... ... ..... ...• ... •... .... 12.8 ft/s 

Occupant Ridedown Deceleration 
Longitudinal . . . . . . . . . . . . . . . . • . . . . . . . . . 13. I g' s 
Lateral .. ... . ..... • . ...... . • . .. ..... . -13.4 g' s 

Vehicle Damage 
TAD .. ................... •... . • ..... 1-RD-5 
VOl ..................... •... .•... OIRDES2 

Vehicle Rebound Distance . . . . . . • . . . . . . • . • . . . . . . . 0 ft 
Coefficient of Friction . . . . . . . . . . . . . . . . . . . . . . . . . . NA 

Conversion Factors: I in • 2.S4 ern: t lb• 0.4S4 kg 
I 0/s ~ 0.3048 rn/s 
I mint • 1.609S km/h 



Impact 

55 ms 

109 ms 

219 ms 

Figure 115. Overhead Sequential Photographs, Test SBLR-2. 
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Figure 116. Vehicle Trajectory, Test SBLR-2. 
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Figure 117. Vehicle Damage, Test SBLR-2. 
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Figure 119. Log Rail Damage, Test SBLR-2. 
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EVALU. T ION Sillf.\1ARY 

The tests described her-e were evaluated according to criteria for PL-1 hridge rails 
presented in AASHTO Guide Specifications for Britlge Railings.(8) They were conducted and 
reported in accordance v.dth the requirem.ents in NCHRP Report 230. (·1> Table 11 surllillar jzes 
ail of the relevant evaluation criteda from A.SHTO. as wen as the fmdings from the t:wo tests 
reported here. <SJ As t=;hown in chis table , the Steel-Backed Lug Rail succcssful1 y pa~sed all 
requirement'; for PL-1 hrid~e rail in~s . It should be noted that the pickup truck d im bed on top 
of the barr[er after impacting it at 46.1 m..i/h (74. 2 knllb.). \¥hen a bumper impacts tbe round 
face ot" the log cai~ . it tends to slide either under the rail I or over it. The harrier contained the 
[est vebicle, but it was close to i[S perfonnancc limit. Th-e:refor·e, this barrler· ;s uoc 
recommended for park roads wht;rc lhc o~~rating speed \:v·ou1d be expected to ~exceed 45 mi/h 
(72.4 km/h). 
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Table 11. Summary of Safety Performance Results, SBLR Series . 

Evaluation Criteria 

3.a. The test article shall contain the vehicle~ neither the vehicle nor its 
cargo shall penetra£e or go over tile insc.a11ation. Comrolled lateral 
deflection of the test article is acceptable. 

3.b. Detached elements, fragments. or other debris from lhe cest article 
sh~ll nor pP.nP::tr:ttP. or show porP.nri:4l for pP.tlE'tr<:~.tiog th(' pas-s-e-nge-r 
compartment or present undue hazard to other traffic. 

3.c. Integrity of the passenger compartment must be maintained with no 
intrusion and essentially no deformation. 

3.d. The vehiC-le shall remain upright duriog and after collision. 

3 .c. The test article shall smoolhly redire<:t the vehicle. A r.direction is 
de<:med smooth if the rear of the vehicle does not yaw more than 5 
degrees away from 1he railing from time of impact until the vehicle 
separates from the railing. 

3.f. The smootb.ness of the vehicle-railing interaction is furJ1er assessed 
by the effe<:tive coefficient of friction I'· where 
Jl= (cos6 - v/V) /s i ne . 

_JL A~~es~ment 

0.0-0.25 Good 
0.26 - 0.35 Fair 

> 0.35 Marginal 

J .g. The impact velocity of a hypothetical from-seat passenger against 
the vehicle interior. calculated from vehicle accelerations and 2.0-ft 
longitudinal and I .O·ft lateral displacemen!S, shall be less than: 

Occucant Tmnact Velocirt: .. ftls 
Loncritudinal Lateral 

30 25 

and for the vehicle highest 10-ms average accelerations subsequent 
to the instant of hypothetical passenger impact should «: Jess than: 

Q,cs~uaol dd~2wa O~s::s;;l,raliQn~ - e ·~ 
Lpngjrudjnal La!ml 

15 15 

3.h. Vehicle exit angle from the barrier shall not be more than 12 
degrees. Witl1in 100 ft plus the length of tl1e test vehicle from the 
point of initial impact with the railiog. the railing side of tlle 
vehicle shall move no more than 20ft from the line ofd>e rraffic 
face of the railing. 

S - Satisfactory 
M - Marginal 

U - Unsatisfacrory 
NA • Not Available 

1?8 

Resui<S 

SBLR· I SBLR-2 

s s 

s s 

s s 

s s 

s s 

M NA 

(JL = 1.18) 

Long. Lateral Long. Lateral 

s s s s 
(24.3) (21.1) (14.8) (12.8) 

Occupant Ridedown Accelerations (g's) 

Long. Lateral Long. Lateral 

s s s s 
(3.9) (4.8) (13.1) (-13.4) 

s NA 
(2.0 deg) 

u s 



8. S ~1!\fARY A:\'!)) CO JCLUSIONS 

The safety of each of ilie fi vt: systems described here was evaluated according to, criteria 
mn AASHTO and NCHRP Report. 230. cs .. ~) Several of the systems required design changes 
throughout tht: evaluation, but the fina 1 desjgn ot' each system was found to pass the req uired 
safeLy criter ia. 
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10. APPE l)IX A - DESIGl' DETAll..rS 

The design drawings for the systems tested under this program are presented in iliis 
section, Design modific..'ltions were required for several of the systems during the fUill-sc:.alc 
testing program. These modific.atmons were made. and the drawings prepared. by engiNeers at 
J~H\VA's Eastern Federal Lands Highway Djvisjon. 
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PhoLographs and relevant dirnensiom~ and weight..;; of the test vehicles used in this testing 
program att presented i .• , t ,is section. ·m11e test vehicles utHi7.ed in this program incblded hu-ge 
~edam;) small cru-s. and :Y.. ton pickups. The instrumentation ofu1ese veh.icJes is described in 
Chaptt:r 2 of this repOrt. 
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Figure 139. Test Vehicle, Test SBT-3. 
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Figure 141. Test Vehicle, Test SBT -4. 
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Mo ke: Mercury Test No.: _ __,S,.,B"'T._--"~· _ _ 

Model: Grond Morouis Tire Size: P215-75R 15 

Yeo r: .!1-"9c.;,8c:;4:.._ ____ _ VIN: 1MEBP95F1EZ623 i82 

-.-- c=J o:-- . 
Li--. 

1- cc ~ 
p - vei'I•C!e • 
_,_- [_ -] Qt:,;;,;;;;)J 

CC - 0 ---
1 

9 

h e 
Wl 

Weight (lbs) Curb Test Gross 
Inertial Static 

W1 2250 266 1 2576 

W2 1660 2007 1932 

W;otcl .39 10 4668 4508 

o -

c-

e -

g -

J -

n-

p -

r -

Vehicle Geometrt 
Inches 

76.0 b - 40.0 

114.0 d- 560 

55.0 f - 210.0 

20.0 h - 51.0 

20.0 m - 80 

5.0 o - 14.0 

63.0 q - 63.0 

26.5 s - 1 6.5 

33.5 

Engine Size: 5.0 liter 

Transmission: Automatic 

Domoge prior to test: _ _ ...:.N.:..:o:.:.n:.::e:.._ _____ _________ _ _ 

I in = 25.4 m.m 1 lb = 0.454 kg 

Figure 142. Test Vehicle Dimensions, Test SBT -4. 
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Figure 143. Test Vehicle, Test SBT-5. 
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~~oke . co rd - es t , 1o .. S.EI - 5 

Mode I_TD Tir'e Size P23.5 - 75R1 5 

Ye~ .- : 1984 VI --

0 

-- I-- I 

r~rc a ~~~-lj --
c 

ll -

l.,ldt II 

- c 
¥1 ... =..: 

- '--- - tJ -- -

9 'Nl 

We ish'- { b::,) Curt Test C o~s 
lnert rol Stot1c 

·.v ::: ~LO 2 527 2542 

W2 !55:· /.0~3 " 958 

W~ctc: 
.35') ) 455 .:.soQ 

1 in = 25.4 mm 

Fj~n-e 144. Test Vehicle Dimensions. Test SBT-5. 
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a -
c -
e -
g 

0 

[ -

Veh cl e G!:!oJ"l'lelrJ' 
Inc: he::> 

76 .~ Al.:J 

1 1 L_5 d - 57 5 

56.0 2 - - .0 

27.0 .. - "+9 .8 

18.75 1""1 - 22.5 

4 .0 ::::. - 1 ~ - 8 

63.0 q- 63.0 

28.0 s - ' 6.0 

l7nr "n •• c- ·,..,.{• · ... ~ ~- ~ --· .3 5 1 VB 

I lb 0.454 kg 



I 

-

-----

Figure 145. Test Vehicle, Test GWMP-1. 
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Test No . ~ ..;:G;_;_V:....:../ ·=' P_....;_l ____ _ 

Mode-l: _C.::::..o.::::..;l:..!_t __ _ Tire Size: P 55/80R · 3 

1984 VIN: JBJBE24A9EU 104612 

-
L.:....-! 1"~ ~'L.L~-.c' ) 

- ·- u_ ~ 
w.hi(i:' 

' ~ ....#"" JGSb _ 

Weight (lbs) Curo - est CfOSS 
Inertial Stoti<:. 

W1 l 175 1225 1305 

W2 625 B25 705 

w·ota 1800 1850 201 0 

.tornent of Inertia (lb- sec2 -in) - Gross Static 

R:ol l ( x) 

Pitch ( ly) 

Yow (l z ) 

5628 0 

9"119 .0 
1 in =25.4 mm 

Vehicle Geomet ry 
Inches 

a-

c-

58.0 

90 .5 

e - 31.5 

g 19.5 

J - 17 .0 

i) - 6.0 

p- 5 4.0 

r - 22.5 

t .31 .0 

b- 32.5 

d - 53.0 

. - 154.5 

h - .30.5 

m - 4.5 

o - 1 ~-0 

q - 53.5 

s - 14.25 

EnginG Size: 4 cyl. 

1 lb = OA54 kg 

Damage p nor to t e:s t: ---=S=-=E:...=E:.........:....::::;.....:....r -=O:.....:T-=O:..::S::....· ------------ --

f:'igure 1.46. Test Vehicle DnnellSions. Test G\Vl\.iP-1 . 
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Figure 147. Test Vehicle, Test GWMP-2. 
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Make: Dodge Test No.: C_V~_'M_P_..:::.2 ____ _ Venide Geometry 
"'!:-he'S 

Mode; ___ c_c_l~--- Tire Size: P155/80R 13 Q - 60.0 b - 29.9 

Yeor: 1984 VIN: '"'83BE24AXEU 1 i 941 c 9 . . 5 d- 52.5 

e- - 28.5 -149.5 

g - 19 .5 38.0 

J - 19.4 m - 5-.0 
1:;1 

n - 3.5 0- 15.9 

l__j ,--.::..-..........., 

~~ > 

- o!ll • 
q 

¥C1ht::k 
(I p 

~ - 53.6 q - 53.0 
,--~ ~?-'-" I~ 

r ~ 22.5 s 14.5 

38 25 

Engine Size~ 4- cyl. 

T a srnission : ma uol 

Weight (lbs) Curb Test G·oss 
lne tial Static 

'•I 1 . 17:. 1068 1" 62 

W.2 6/: 708 774 

Wto·al 1300 1776 '1936 

~~ornt:n ~ of lncrl io (lb sec 2 ~ • n) - Gross StoUc 

~oil ( x) NA 

Pitc:h (ly) NA 
1 in = 25.4 mm 1 lb = 0.454 kg 

Yc ·•· (lz) N.A. 

D::Jmage pnor :o test: SEE PHO~OS~-------------------------

FiglJr~e 148. Test Vehicle Dimension.r;; Test GVT.7lvfP-2. 
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Figure 149. Test Vehicle, Test GWMP-3. 

220 



3/24/9L 

~tLk~? • --~0-~Yr:?l S?J_ 
T ir~ Si.!~' 2]_~(_t!;?B_l_~ -

I 

Test • .:-o.: GWMIJ- 3 

Mc>Dit'l= C -20 3 /4 t on Pickt_rr:. 
------- P"""- - - - - ~ - - - -- -- - - --~--- - -

'f t'a.r : _1_~£3-~ I """ "' ... ~ 
- · · · -1 '- =:J 

V eh ic l e- Geor-'le--:ry - nches 

D D 

_L 

D 77 ---- ---
c __ l:3..: 5_ 

I! - ~z ,.o_ __ 

9 --------

- !:> ::). s .... ~ -.-

b ___ :;?E'_ __ _ 

a __ 7J=.::2 __ _ 

h 6 7.5 

. LL 5 
J ----- ----

f' ---~ ... Q __ _ 
~ r::;7r:, r: --'-'v..:..-~-

JL_~~~~~----------r~------~~---~~~ 
0 _ _l_q.~--­

r __ ;_Q.2_ 5 __ :_?. ::.~ ---

'o/Qight . pot.~na s Curb 

I"' I l9:,o -------
V2 2 490 ------· 
W'tci1) 1 ·4 ·~ .... ----- u 

Test i~r·'"t iQ~ 

2610 ___ ____ _, __ 

2950 ..... ""' -'~ ______ 
556 0 - --~-!""" ----

(ir'Q:;:.;; St c.t lr;;; 

-- .. ~~.? .. ~-- -
287 2 ------------
5400 ------------

Cn9i I? T yprr _ __ B.. _ C:.~d ... ___ _ 

Cngint' S ;_::(": __ J;i_O __ ~-~· __ i['l __ 

f r"O I"'SI"'--5 SiOr• - :.'PI?' 

~r Ma.nuo 

1 in. 25.4 mm 1 lb = 0.454 kg 

Figure 15·0. Tt::S[ ·vehicle Dimell:Sions., Test GWMP-3. 
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Figure 151. Test Vehicle, Test FPAR-1. 
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Docac Vehicle Geo rr ct ... :/ 
lncn~~· 

Mode l: Co l~ Tre Si:ze: P155/80 - 13 0 _ 50.0 b- 34.5 

Y£10 '; 198~ 
c: - 90.0 d- 52.C' 

e - ~2.0 f - 156.5 

- q 71.0 i1 - 34-.9 

r~C?r-:1 
$~ ~ 

G .. """"' 
-~~~~'---J 

J - 17.5 n·- 4.5 -
i'l - 65 0 15.25 

p - 51 .:, 22.5 

s - 15 

ons rni t>toi 0 n: rnOr'\1...10 I 

•.•:ci ~ .,1 {tcs) C'.Jr!:l Tes>;. ~1"0~:'; 
l"'ertic I Sta·. rc 

~·n 735 1165 1265 

'l2 . )95 738 BQ.! 

'.".'total 1850 190·1. 7068 

... p · ·""· • ~~ONE Or""! tag.... r lv ,o test.--""'-'-"''-'""'-='------------- ---- -

I b.= 0.4 54 kg. 

Figure 152. Test 'lehicle D iJnensions , Test FP AR· l . 
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Figure 153. Test Vehicle, Test FPAR-2. 
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. 

d 

. ., 

]/LJ/'?2 ------------·· 

i!t1l't";" - :lJV:"I:J:!> CV"b 

"-'l J g '91) ---- ~ 

'rl2 _ .??J~--
1,..1 t :")'!:C: ~ _:1.::-.i=} __ 

I 

... PS 't !'>;~ .· ~-p:,~-_F ___ ---

~ll 
---- It 

fl D 

j_ I ~ L_j - ~-

----~ .c -

\l- I 

(.-- -- N• ___ _ 

Tc-"tt ~o:o'""toOI G,.a.::.~ S'!.;,t;c 

2770 ;:,gi!.] 

·---------- --------- --
- --~~:J ---- ___ E§F_2 _____ 

---~~f!~---- :;4'5 ---:.1- p_- ----

r.one 

" 
7'J ----- --- t: B ___ _ 

~ 1~& ___ ... 

1:!' __ ;)~~--
!) 26 

' . c; 
j --~-.:..-_ __ _ 

k - -------

26 
~---

r: 

17 -------- p - H----

.... -- _3j.?_ -- ~ __ JJ.:.S ___ _ 

-ro n!!.. l'" ">~iO(I T :r'P'i! 

b.:,~tonc.t = c..-~]) 

:- 'I or<3,'o{it>o,.. .!" i.l 

----------------------·--------------------------· 
] ob.=0.4 54 -<g. 

Figure 154. Te.st Vehicle DimeDSions, Test FP .. -\R-2. 
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Figure 155. Test Vehicle, Test FPAR-3. 
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G/7/93 rPAR 3 ---- ------- -
He .. ~ __ f.QR.Q _____ ... _ H\~~~· · - ~-~?-~-------- ----~-----------
11.-r- $;.-p ?.~,;lj{~~:J.~ 

l~ 
..._,._ ' 

I 
~ p .0 

2B~_j--- j_ 
I 

!I 75 b ---~.? __ 
----~--- . 
--~:J~---

...,2-
c CJ --'--!.~--

e- _;i_Q:f_~_ (: - ?J_?.:.Z.~-

9 
;)'" ___ -:.::;? ___ h 

___ Q2_ ___ 

-------- - -~3..:5 ___ 

k ---------
n 27.5 (I 3.C . ·- ,..~--~ ... ~~-r ~ 

0 c ?5 65.75/64.5 I) .!?.:;-. p ..... ~-

.... __ J..t ___ <; _ _12._5 ____ 

Eng~r.c Type _ __ .§.~y~ .:.. ____ _ 

(ng:rw S:a ---~~QS:-~·1-.•!'..: __ 

-rt~ns: ·sson 1 yp~· 

"-" ~JI'\1 - Pl:>..!-"'10~ t •.n"ID F<C:S"t (~,· ua.l r:r-~::; S":!l 'tiC r<u t -· -u) '\IC o,.-@r·,..~D 
.... 1 _ !ZS?..Q._ __ .f.~1? __ -- ---~9-~Z ____ 
I.J? ?.~QQ _ --~-113_fi _-- ___ 2~t~e ___ _ 

r 'D a '" ~cr 4 '.1D 

1io11:C; t o l _:Ht6.Q_ ... ~400 ---~~-~i •••• 
"::O'":. t" !:. '\'( Chl.fi09C pr'IQ "tO t,..S t ~·J:IOI'" t.:J()}:_ d<a'l~g': ~~.F;J~:.;_:;:_~_n,S...<'~- _:..!=!_~::__ ':_!!.o_t:_~ J~.~<!!.<".:Jl":"P-_~S 

Cc , ... er ::r<:fl r-a.c":.o.•:;• r, :.~.54 t; l"'. llb.=>~oll 91ikg. 

!Figure ]56. Test Vehicle Dimell$ioru.. Tes• FP .. ~-3 . 
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Figure 157. Test Vehicle, Test NTBR-1. 
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r~ :rit No.1 ~,;- -__ 

f4 ti f• C1.1s tom oe lux~ :20 
I;) ' ~---- ------~ 

I ~-_...._'fh do. 

r====r't::~~~~ 
a I I. 

1_~----·~· ~~----~~--~~~~~J-

Vtoto.L 

Odorw'Urt 12 5 , 9 0 3 

'~ ' 5 

D2 

h ... _ 57 ___ _ 

J 1.7 , 5 

~ ... :.-:-:-------

56 .? 
P- -~--------

fi""C.M:i!'IIS~Oi'l T)"~lif' l 

c~~CL tiC:~ cr Ma.NJ~L 

f"Wtl (lr"[RVP ) Or C"lwl1) 

......................... .... _._._ . .-.-. __ 

l in = 25 .4 mrn 1 lb = 0.454 kg 

Figll[[e 1:58. Test Vehicle Dimensions . 1 est N""f.JJR-1. 
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Figure 159. Test Vehicle, Test NTBR-2. 
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I 

ll 
• I 

I 

l':U:'<t: d.h -~......_+.....;;1" ........ -t-~ 

.,.-r.c:c 1 d,t,a -~--fl___.-....,._ ..... 

C.c o~ c t: r~ - :in . 

.. - II! ;2<.:-J 

t. JQ 
c: <;1 1 

Kllss - 1b 

Hl 
H2 
Ht 
h - 1111-
~ ""' 1n. 

b 

~ 
~ 

t 

'V 
K 

'1. 

~I) 

32 
159 

~~b 

: ~HD 
-~l'l I : ,.. 

2070 
~2 - a. 
17 

j 20 . 7~ !C. 6 . ,:0 

"" ~' n 7i.J. 
t 31:: 0 Jd 

Test: C:rc-s; 
l r.e:rt iii!! '!I. 8tll!lt{C: 

150 12lt3 
700 m"'n o 

18s.o - --2015 
3-G .)~ 

L9 19' 

1 in= 25.4 nun 

Figure 160. Tesl Vehicle Dinv3rud.ons. l'est NTER-2. 
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p 
.:; - -_. J . 'l 

r. 
I g 

1 lb = 0.454 kg 
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Figure 161. Test Vehicle, Test SBLR-1. 
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'Til"~ dJ.& ---""f-.....;T......,,__ 

~ee l 4!• ------~--~~ 

b 

~ 
1 

CitO!\.t t n - t n. 

• ~w dl ~L..D 
b _33 .. _.5 e ::lLO 
c 90 Q I 1 53.5 

~fill - lb CuJb 

- kl lHH 
~2 .252 
HT ] !~ :!.2... 
h - in .. h•) _3 L.n 
I - ln. (Ill) 21.0 

Ve-hicle Typ ~ 

1984 Dodge Colt 

·-; 

f 

j _l_~.Q .. 17. 0 
l J.6 __ 'l 

Te&t 
Ill ett: h 1• 

] ) Q~ 
Q41!l 

H~l/2 
.:U.71 
21.0 

'll ~.0 
n o. 25 
Q 15 . 5 

~Cro11 

St:et::1c:** 

l290 
7 2.5 

1015.. 
~1. 75 
21 0 

'P 5~ a 
T n 5 
• 14 D 

l in= 25.4 rnm 1 lb _,. 0,454 kg 

~ R~~d y fo~ test but exc l uries passenser /cargo pa yload 
... ~ G r c ~· ~; r- • i.! ,t 1J for t. e s r:. :i n c l1i. d i n Fl p.a s .1 • n & ~ •. I c: a '"?.a p a y 1 eta: d 

Figwre 162. Tcs[ Vc:ttid:.: Dimensions, Test SBLR-1. 
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Figure 163. Test Vehicle, Test SBLR-2. 
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i/29 /92 

a. 

I 
d 

v._....t - ~· ~ T••'t IM~ Gress :HD~ 

V1 2600 2160 2840 --- ~~-~ 

V2 -~OOQ 2640 2725 ___ ..._..._..........,.._.-

'Wto'ttl1 ~600 54 0 0 5~65 -------- -------..-... 
None 

1 in = 25.4 mm 

Figure ]64. Tesl Vebkle Dimen.s.~oWi, Test SBLR-2. 
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Q. 0_78~­

c ~~---
52 

e-~-

--1 ____ ____. 

27 

18.5 

30 . 5 

b _]1 · ~-

72 
c::l -----------

~ 213 .5 --
G7 

h ......... -...~-~ 

45 
J =-

3 rt ___ _ 

p - -------
17 

• 
E:n;rn~ T.rp.r; _..... vs __ ~---

350 t;.ll , i c. 
[ ng.tn .. Stzat ---------~ 

Tr~l'ls:l"liS!Jii;:!i:m Typ .. t 

Autotw:1tc or" Mc.IW1I.r 

1 lb = 0.454 kg 



12. APPENDIX C - ACCELERO:METER nATA 

~l11 is sectkm oontai n~ the accelerometer dam from all of the te~t conducted under this 
program. lt should be noted that technical problems were encountered durlng test.':> oos 0 

SBT-3. GWJ\.1P-l. FPARwl , FPAI{-3 and NTBR-1 which resulted in the loss of accelerometer 
data. l l re high-speed film was arutlyzed for these tests lo obrnin cha.J!lge in velocity and 
accelei'ation data. but there ate no accelerometer traces to report in this appendix 0 
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~ONGITUDINAL DECE~ERATION - TEST SBT- 1 

zo.o 
17.9 

10 . 0 
' 

A 

·"' 0 

N\ l .. ~! 
fill. u" I~ ,, /\... (\,... ~ f\ /'\ '~ o. o v v v - ......, 

0 .152 
- !0.0 

I I 
o.oo o.os 0 I !0 0 .'! s o.zo o. zs 0. 30 0. 35 o.~o 0,1fS 

Seconds 

Figure 165. Graph of Longitudinal Deceleration, Test SBT-1. 
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lONGITUDINAL VEHICLE CHANGE IN SPEED -TEST SBT-1 

,o.o 

__,.- v 

J 
~o . o 

36.3 I 

20.0 I 
I 

/ 
LJ 

o.o 

0.152 

0 .oo o.o ~ o. 'to 0. 15 0. 20 0 .lS 0. 30 o.3s o.~o o.~s 

S<eonds 

Figure 166. Graph of Longitudinal Change in Velocity, Test SBT-1. 
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LONGITUDINAL OCCUPANT DISPLACEMEN T - TEST Sln-1 

50.0 1/ 
~o .o 

I 
/ 

3: 0 .0 

I 24.0 

20 . 0 I 
I 

I 
10, 0 v 

-" v 
o.o 

0.152 

0 • 00 o.os 0 . 10 0' !5 0 . 20 0.2 5 0 . 30 0 . 35 

Seconds 

Figure 167. Graph of Longitudinal Occupant Displacement, Test SBT-1. 
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LATERAL DECELERATI ON - TEST SBT- 1 

20 . 0 

16.7 

I S , 0 

~~ 
10 J 0 

v. 

0 

s '0 
II J 1 

~ 
"""' 

r'\. ~ t. " ' M fl. I\ /\ 
0 ' 0 

I A 

I' \}V V vyv V"V vv •v V 

0.115 

-s .o 

o.o 0. 1 0 .2 0,) o.~ o. ; o.s 0.7 

Seconds 

Figure 168. Graph of Lateral Deceleration, Test SBT -1. 
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LATERAL OCCUPANT I HPACT VELOCIT Y 

60 .0 

~o .o 
r v 

21.6 

20.0 
. 

o.o 

. 
0.115 

0 :o 0, I 0 :z 0. 3 o.~ 0 :s 0.6 0.7 I 
Seconds 

Figure 169. Graph of Lateral Change in Velocity , Test SBT-1. 
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LRTERRL OCCUPANT DISPLACE MENT 

so. o 

qo . o 

~o . o 
I 

20. 0 

I 
12.0 

10. 0 ' 

J 0.1/5 

o.o 
o.o 0 : 1 0 . 2 o . ~ o.q o.s 0 . & 0 ,7 

Seconds 

Figure 170. Graph of Lateral Occupant Displacement, Test SBT-1. 

243 



Longitudina l Decelerat ion - Test 581-Z - Right Acce l . 

···- ·r--·--···-... - .. 

I 

' ····- ····- ··+-· ···-······-·~-···-···-.. ··-"· 

i 
o. 00 0 . 10 0. 1 5 0. 20 o. 25 0 . 30 0. 35 0. 4 0 

Seconds 

Figure 171. Graph of Longitudinal Deceleration, Test SBT -2. 

244 



Long i tud i na l Change in Veloci ts- Test SB T- 2- Right Accel 

1 oo. o ~····- -·-1-····-···-· ... L ... _·-·-1--- ······-·····-·····--·!-······-·····--1 ..... _ 
I ' ' 1 . 

... L_ ·······-········~·····-··· .. - ... -.... 
' 

' ' ' I i ! l i ! I 
i i i ; 

80. or---
1 

... ____ 

1
._ ... _ ... _ ... _ .. 

1

_ ... ___ .

1 

... - .... - ·-·-· ........... _! ...... - ...... _ L-

60. 0 L ... ·-··-· ! ,,,_ .... _ +--- .. ~ - - - ... J ...... _ ...... J.. ·····- ·L __ 
I • 

40.01-- ···i l 
.... _ .......... _! ...... - ...... _ ,,,_i.,,,_ ···-r··· ' -:-

. ···'·- ·····- ··- ····;._,,,,_ 
1 

I 
20 or 

-'---.. ~. -:::,,,._,,,, .. t_ .. , .. ~ ..... _ .. ,,iH0""'·"'-""'-'" ,1" '''- '' 0 .0-t- ' ' 

I 
I . i ; 

-20. 0 -! · ....... _ .... _ ..... ,-.... - .. _ ... ; ..... _ .... _ .. ,_ .. +"'""""--.. :-... --.. ·-+·- .. ·-
0. 0 0 0.05 0. i 0 o. 1 5 0. 20 0. ?5 

Seconds 

0 . .30 

Figure 172. Graph of Longitudinal Change in Velocity, Test SBT-2. 
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Relative Longitudi nal Occupa n t Displac e me nt - Test SBT-2-

oo.o~-----~----~----~----~----,_--

20.0 

1-----, 
I 

-· o. o-
o. oo 0.02 0.04 

.. L ___ L 
• 

.J ·-- ---·--
; 

, ·····-······-r-·· . 

0.06 0.08 0.10 o. 1 2 0.14 
~ 

Figure 173. Graph of Longitudinal Occupant Displacement, Test SBT-2. 
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Lateral Decel e r ations - Test SBT-2 - Fro n t Accel 

I 

20. 0 
. ~ I .. -.-· .. ·-······r ··- ··--.. ····-'"'t-'"""_, .. ,_,,,_, ... ,-.... - ... - .... - .. - · 
! . 

I 0. 0 

o.o 
~\n: -·--· ~-u-· 
I . 

I ······-·· i 
····-······· ~·····-a·""'. ,,,_,,,_,, 

0. 00 0.05 ·o. 1 o 0. 1 s Soc 0. 20 0. 25 0. JO 

Figure 174. Graph of Lateral Deceleration, Test SBT -2. 
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L~ teral Change i n Vel ocity - Test SBT - 2 Fr o n t Acceleromet 

30. 0 -{--- --: 

20. o ·- .. -... -................ j .............................. -1···-·· .. - .... - ...... "'1 .... _ ....... _ ...... _'1'_ ......... -..... - ... r .... -............ -..... , ............ _ 
I I . I 

; 

10.0f-- --

0 . 0 ~ 
I 

-~···-...... - ........... _.,. 
i : 

I 
0 00 0. 0~ o. i 0 0. 1:; 0. 2 0 

Sr. 
0. 2 5 0. JO 

Figure 175. Graph of Lateral Change in Velocity, Test SBT-2. 
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La t eral Occupant Disp l a cem e n t - Test SB T- 2 - Front Rccel er o < 

"'l 
:>o. a L .... _ - l -·- ·r ····· -· -· :- -- -; 

...... i. 
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. ..... ·~ 
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Figure 176. Graph of Lateral Occupant Displacement, Test SBT-2. 
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2' ? ) _ 

0 . 9 



L t=I T E:~~L DS:C S: t.. E~ AT I ON T ES 1 SST - 4 

2 0 . 0 

1 o. 0 
~ 

<.:> 

l . 
v 

0 . 0 ' 1\ ' A • ~ 

\ vvv fVV'A r-v v " V ' vv r'VVI, ']V VV 

0 . 0 0. 1 0. 2 o. :> o. 4 o: s 0 .6 0. 7 0 . 8 0 . 9 
Sec 
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Longitudina l Dece l e ration - Test SBT-5 
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Figure 183. Graph of Longitudinal Deceleration, Test SBT-5. 
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Figure 184. Graph of Longitudinal Change in Velocity , Test SBT-5 . 
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Longitudinal Re l ati ve Occupan t Disp l acement - Test SBT-5 
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Figure 185. Graph of Long itudinal Occupant Displacement, TesL SBT-5 . 
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Lateral Deceleration- Test SBT-5 
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Figure 186. Graph of Lateral Deceleration, Test SBT -5. 
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Figure 187. Graph of Lateral Change in Velocity, Test SBT -5. 
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Figure 188. Graph of Lateral Occupant Displacement, Test SBT-5. 
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Figure 189. Graph of Longitudinal Deceleration, Test GWMP-2. 
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Figure 190. Graph of Longitudinal Change in Velocity, Test GWMP-2. 
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Figure 191. Graph of Longirudinal Occupant Displacement, Test GWMP-2. 
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Figure 192. Graph of Lateral Deceleration, Test GWMP-2. 
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Figure 193. Graph of Lateral Change in Velocity, Test GWMP-2. 
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Figure 194. Graph of Lateral Occupant Displacement , Test GWMP-2. 
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Figure 206. Graph of Lateral Deceleration, Test NTBR-2. 
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