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DISCLAIMER STATEMENT 

The contents of this report reflect the views of the authors who are responsible for the 

facts and the accuracy of the data presented herein. The contents do not necessarily reflect the 

official views or policies of the Missouri Highway and Transportation Department nor the 

Federal Highway Administration. This report does not constitute a standard , specification, or 

regulation. 
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ABSTRACT 

One full-scale vehicle crash test was performed on Missouri's Modified Bridge Anchor 

Section. Test MBAS-I was conducted with a 1985 Mercury Grand Marquis weighing 4,501-lbs 

(test inertial) at an impact speed of 59.0 mph and impact angle of 26 .7 degrees . The impact 

location was 8 ft upstream from the end of the concrete barrier curb section. 

The test was conducted and reported in accordance with the requirements specified in the 

Recommended Procedures for the Safety Peiformance Evaluation of Highway Appunenances, 

National Cooperative Highway Research Program (NCHRP) Report No. 230. The safety 

performance of Missouri's Modified Bridge Anchor Section was determined to be unacceptable 

according to the NCHRP 230 criteria. 
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1 INTRODUCTION 

1.1 Problem Statement 

The Missouri Highway and Transportation Department (MHTD) currently constructs a 

bridge anchor section at the upstream end of a New Jersey Safety-Shape bridge railing. The 

bridge anchor section or approach guardrail transition attaches the bridge rail to standard 

guardrail. The bridge anchor section consists of two 12-ft 6-in. sections of nested thrie beam rail 

(12-gauge) supported by W6 x 9 steel posts (1). The MHTD realized a potential for economy 

by using a single thrie beam rail (IO-gauge) instead of two nested thrie beam sections. The 

modified bridge anchor section would provide economy due to lower material costs, simplicity 

in construction, and a potential reduction in maintenance costs following a vehicle impact. The 

research effort described herein was therefore undertaken to evaluate the safety performance of 

the modified bridge anchor section. 

1.2 Objective 

The objective of the research project was to conduct a safety performance evaluation on 

Missouri's modified bridge anchor section according to the National Cooperative Highway 

Research Program Report No. 230 Reconunended Procedures for the Safety PerjomlOTlCe 

EvaiUlllion of Highway Appunenances 0 . One full-scale vehicle crash test (Test MBAS-I) was 

conducted with a 4,500-lb sedan impacting the barrier at a speed of 60 mph and an angle of 25 

degrees (NCHRP 230 Test Designation No. 30). 

1.3 Background 

In 1989, Southwest Research Institute (SwRI) conducted a safety performance evaluation 

on Missouri's bridge anchor section or thrie beam transition to a concrete safety-shape bridge 

end. The bridge anchor section consisted of two 12-ft 6-in. sections of nested thrie beam rail 
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(12-gauge) supported by W6 x 9 steel posts (3). The spacing from the concrete end to the first 

post was 2 ft - 6\4 in. while subsequent post spacings in the transition were 3 ft - I'A in. 

One full-scale vehicle crash test was performed with a 1978 Dodge Sedan weighing 4,610 

Ibs. The test vehicle impacted the transition approximately IO-ft I 3/4-in. upstream of the 

concrete end at a speed of 62.1 mph and an impact angle of 27.1 degrees. The safety 

performance of the thrie beam transition was judged to be acceptable according NCHRP 230 

criteria (2). However, the researchers recommended that closer post spacing could probably 

improve the system's safety performance. Following the SwRI evaluation, the Federal Highway 

Administration (FHW A) recommended that Missouri construct the bridge anchor section with 

an additional post placed II'A in. upstream from the concrete end (Appendix A). 

2 



2 TEST CONDITIONS 

2.1 Missouri's Modified Bridge Anchor Section Design Details 

The installation consisted of four major structural components: (1) New Jersey Safety­

Shape bridge rail , barrier curb end section and footing; (2) bridge anchor section (thrie beam 

rail) ; (3) W-beam to thrie beam transition section; and (4) standard W-beam guardrail attached 

to a breakaway cable terminal (BCT). A detailed drawing of Missouri's modified bridge anchor 

section is shown in Figure I. Design details of the safety barrier curb at end bents are shown 

in Figure 2. A schematic of the New Jersey Safety-Shape bridge rail, barrier curb, and footing 

are shown in Figure 3. Photographs of the actual installation are shown in Figures 4 through 6. 

The total installation length was 68 ft - 4 3/4 in., consisting of 10 ft of New Jersey 

Safety-Shape bridge rail, 2 ft - 9 in . of barrier curb end section, 18 ft - 1 3/4 in . of bridge 

anchor section and W-beam to thrie beam transition section, and 37 ft - 6 in. of standard W­

beam guardrail including a breakaway cable terminal (BCT) (Figure 7). A concrete anchor block 

or footing was placed in the soil to support the New Jersey Safety-Shape bridge rail and barrier 

curb end sections (Figure 3). The footing measured 2-ft 3-in. wide x 2-ft deep x 12-ft 9-in. long. 

The size of the footing was determined through a simplified analytical procedure provided by 

Ray ill. Ten feet of standard New Jersey Safety-Shape bridge rail and 2-ft 9-in. of barrier curb 

were rigidly anchored to the top surface of the concrete footing with steel reinforcement (Figure 

3). The bridge rail and barrier curb sections had a top mounting height of 2 ft - 8',4 in. Grade 

60 reinforcement was used in the footing, bridge rail section , and barrier curb end section . The 

concrete used for all of the above components was a UOOO mix with a minimum 4,000 psi 

compressive strength. The 35-day concrete compressive strength of the footing was 

approximately 6,070 psi, while the 29-day concrete compressive strength of the bridge rail and 

3 



II " 

5/ 8" BEAR ING PLATE 

t'Ml "trCtl~!:t or 
t~Ft tl 8(.Mf Ft•! L. 

IU$T(0 WII'H ON£ IO.CA.UGf 
lfC1K)N Of nft[ II.A_M fWLI 

PART SECT ION THRU SLAB AT END Of WING 

TRANS! I !QJ!j S!C!IOti 

PLAN 

SECTION THRU THR IE BEAW RA IL 

TERW I NAL CONNECTOR 

Figure 1. Modified Bridge Anchor Section Design Details 

•• . . 
SECT ION A-A SECT ION 9-9 SECT ION C~ 

THRIE BEAW RA il SPLICE AT POST 

(A.I.L HOf..(S IJ/18' OIAW.EJ£") 

HOLE PUNCH ING DETAILS 
(rOR 51[[L POST ~ BLOC•S) 

NOTES: 
OESIC.H AA9if0 Hi8V SPtC i fiCAI 1~. 

:~ ~:: 1fiR~M[ ~~t;~c~ ~l[H~£1~ 1b~o;r:~f1~~ 
SHAU 8( 12 C.(j(. l UC C0A 11NC 5"1All BE TVP[ 2 . 

f~ PftOltCI IYC ~ltNC AND l,6At014L REOUIR[W('lilfS. 5ll 
S[Cf ' ON 10'•0 or tH( WISSOURI StA..~ SPCC!fJC4fiQ(S. 

RAIL POsU SHAll 8£ S£1 PC:~JrOICULA" fO h4! ROAOIIIA't PROf'fl( 
CRADE oVdJ \'(RIICA.LLY IH CROSS s.tCHON. 

~~:t.r.-""\...:~ ~a~'" A~~c~'~Pic~t?J~·,~ .. 
• l/16"' Ulfli.) AJI() rLATI OR MftN '¢CESS~ or SUO. D£SI~AS 
10 t l l too( COHtOUR Of H£ IEAJ.I. 'W.\SHt.~S SHALL HA.V[ A 
11/16" • t• 5L0"[0 '«lL[ . 

~f ~{g,s~H~~~~i rr"k~~~E~ ~~!s.,r~~) ti[l MJT$ ., 

lH£ B(AfUfC PL.Af( SHALL 8£ rABRICAT£0 fROW Al6 St([L A~ 
CAlVI.HIZ'tO. 

ALL LAP sPLICU. INCLUO INC [ l'fD 5"0£5. SHALl B[ WAOt IN THC DIR(CTU)N 
Of' TR.AH IC. 

5[[ • tSSOOIII S!<OHOARO PLAHS DRAWINC 606.00 fOR Ot!A ILS NO! 
SHC>\1<. 

( • ) V[IUF"r 8'r RAtl TRANS ITION PROOUCCA. 

t .. C COSI or J'utNISHl'IC r---lC4tniC .\NO jhSt~LUNC lltAN$tll()tl 
~Tllo;;bt~~t[ HI ~Ct. Will 8[ PAID fOR At fH( COHUIACf UNI T 

ftiC COS1 0t" ,U'tfiiii~IHC, f..SIII:ICA11 NC .utO l fiiSTAlLIIC IIIJOC( A.NC1Gt 
!fC~~C~~; ~~·~,gr~lit ~~(t( IN PUC£. wiu. 8l , AIO TOR 

MISSOURI HIGHWAY AND TRANSPORTATION 
COMMISSION 

BRIDGE ANCHOR SECT ION 

(SAFETY BARRIER CURB ON BR!OCE) 

R(V IS£0: JNf.JNN IH2 
DRAWING 
&011.22K 

SHit! 1 ~ I 



....... _ .. ,. 
·~·"1S 

P 4Rf S£Ct ION C..C 

2 -9 

y... 
~ 

P.vtt [l[VA T t ON 

20 

'11fi::±£J~-, 
.nj . 2 l1 

PARt PlAN 

6_.~RIO 

( SPA. 
AS~) 

C'ONS t. JOI N'T 

PAAT t LtvAf iON H---ft 

• ~'"oPt t / 4 row-,~ lllt)~ttY 

0£1AllS OF CUARO ~IL AllACMI<ENI 

A 

I 

A 

• ta-IU AND Ri 
(SPA AS SHOW'<) 

l • • $ R1 A."'C R8 

,, 

(l(VAT lOll 

cs••. •s SKlWN) 

r .-J r .-J 

DETAILS OF SAFETY BARRIER CURB AT END BENTS 

p.((t NO. "' 

Figure 2. Design Details of Safety Barrier Curb at End Bents 

D 
I 

I 
0 

( SPA. 
ASs..-) 

!•• ~at. J \O crs 

DETAil • r • 
(11PICAl) 

SCCT ION c-c 

I~" I 

NOTE: COST Of t l wQ[R ~EAOERS C~L£TC IN ~ACt tO 8[ I NCLUDED I N Co-IT-ACT 
UN IT PRICC roR COI<CRCTL 

DETAilS OF TIIEIER ttEAOER AT ENO BENTS 



Plo.n View 

12' -9' 

il---l ______ :: ~~~~ 
sri 

Eleva. t ion View 
Port Section E -E 

10' 2' -9' 

E 

' 19' 
0 

21r 

2'-sf . 
10' I ----- 10 1' 

4 

.rl" 
I 

.rl" Jr I .rl" .rl" ' I" /1'- /I'- 'I" ' I 
I 

/1'-

I I 
I I 

24' 

I I L __ ______________________ _______ _____ J 

Figure 3. Schematic of Concrete End Section 



• 

• 

Figure 4. Modified Bridge Anchor Section 

7 



.0 
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Figure 6. Modified Bridge Anchor Section 
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barrier curb sections was approximately 5,920 psi. 

The bridge anchor section consisted of one 12-ft 6-in. section of thrie beam rail (10-

gauge) with a top mounting height of 2 ft - 7 in. (Figures 1 and 7). A thrie beam terminal 

connector attached the thrie beam rail to the concrete barrier curb end section. A 6-ft 3-in. W­

beam to thrie beam transition section attached the upstream end of the bridge anchor section to 

the standard W-beam guardrail. The 37-ft 6-in. section of W-beam guardrail (l2-gauge) had a 

top mounting height of 2 ft - 3 in. The W -beam guardrail was anchored with a standard 

breakaway cable terminal (BCT). Steel backup plates were placed between the steel guardrai l 

and steel posts at all non-splice locations, except at the midspan of the W -beam to thrie beam 

transition section. 

The total installation was constructed with fourteen posts (Figure 7) . Post Nos. 1 through 

12 consisted of W6 x 9 by 6-ft long steel posts with W6 x 9 steel spacer blocks, while Post Nos. 

13 and 14, placed in the BCT end treatment, consisted of 5'h-in. x 7'h-in. x 3-ft 6'/,-in. timber 

breakaway posts. The breakaway posts were drilled with a 2 3/8-in. diameter hole at a location 

25-in. below the top of the post and perpendicular to the 7 'h -in. face, and were placed in steel 

foundation tubes. The steel posts were driven into a compacted silty-clay topsoil material in 

order to evaluate the system's performance in soil conditions typically encountered along 

Missouri highways . Note that these soil conditions are not in conformance with either the strong 

soil (S-1) or the weak soil (S-2) defined in NCHRP 230 (2). Prior to full-scale crash testing, the 

soil conditions, from a visual inspection, were found to be dry and crumbly at a depth of 1 ft. 

The spacing from the concrete end to Post No.1 was l1'h in. while the spacing between 

Post Nos. 1 and 2 was 1 ft - 6 3/4 in. on centers. Post Nos. 2 through 7,7 through 9,9 through 

12, and 12 through 14 were spaced on 3-ft 1'h -in. , 6-ft 3-in., 4-ft 2-in., and 6-ft 3-in. centers, 

11 



respectively. 

2.2 Vebicle Tow and Guidance System 

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle are one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the bridge rail. A 

fifth wheel, built by the Nucleus Corporation, was used in conjunction with a digital 

speedometer to increase the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch W was used to steer the test vehicle. A 

guide-flag, attached to the front-left wheel and the guide cable, was sheared off before impact. 

The 3/8-in. diameter guide cable was tensioned to approximately 3,000 Ibs, and supported 

laterally and vertically every 100 ft by hinged stanchions. The hinged stanchions stood upright 

while holding up the guide cable, but as the vehicle was towed down the line, the guide-flag 

struck and knocked each stanchion to the ground. The vehicle guidance system was 

approximately 1,500-ft long. 

2.3 Test Vebicle 

A 1985 Mercury Grand Marquis sedan was used as the test vehicle. The test vehicle had 

a test inertial weight and gross static weight of 4,501 Ibs. The test vehicle is shown in Figure 

8, and vehicle dimensions are shown in Figure 9. 

1J1e Elevated Axle Method @ was used to determine the vertical component of the center 

of gravity . This method converts measured wheel weights at different elevations to the location 

of the vertical component of the center of gravity . The longitudinal component of the center of 

gravity was determined using the measured axle weights. The location of the final center of 

gravity is shown in Figure 9. Vehicle ballast consisted of steel plates rigidly attached to the floor 
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gravity is shown in Figure 9. Vehicle ballast consisted of steel plates rigidly attached to the floor 

of the test vehicle. 

Eight square, black and white-checkered targets were placed on the vehicle to aid in the 

analysis of the high-speed film (Figure 10). Two targets were placed on the center of gravity, 

one on the top and one on the driver's side of the vehicle. The remaining targets were located 

for reference so that they could be viewed from all four high-speed cameras. 

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values 

of zero so that the vehicle would track properly along the guide cable. Two 5B flash bulbs were 

mounted on the hood of the vehicle to pinpoint the time of impact with the bridge anchor section 

on the high-speed film. The flash bulbs were fired by a pressure tape switch mounted on the 

front face of the bumper. 

2.4 Data Acquisition Systems 

2.4.1 Accelerometers 

Two triaxial pieroresistive accelerometer systems with a range of ±200 g's (Endevco 

Model 7264) were used to measure the acceleration in the longitudinal, lateral , and vertical 

directions. Two accelerometers were mounted in each of the three directions and were rigidly 

attached to a metal block mounted at the center of gravity. Accelerometer signals were received 

and conditioned by an onboard Series 300 Multiplexed FM Data System built by Metraplex 

Corporation. The multiplexed signal was then transmitted to the Honeywell 101 Analog Tape 

Recorder. Computer software, "EGAA" and "DSP" were used to digitize, analyze, and plot the 

accelerometer data. 
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2.4.2 Rate Transducer 

A Humphrey 3-axis rate transducer with a range of 250 deg/sec in each of the three 

directions (pitch , roll , and yaw) was used to measure the rates of motion of the test vehicle. The 

rate transducer was rigidly attached to the vehicle near the center of gravity of the test vehicle. 

Rate transducer signals were received and conditioned by an onboard Series 300 Multiplexed FM 

Data System built by Metraplex Corporation. The multiplexed signal was then transmitted by 

radio telemetry to a Honeywell 101 Analog Tape Recorder. Computer software, 'EGAA' and 

"DSP' were used to digitize, analyze, and plot the accelerometer data. 

2.4.3 High-Speed Photograpby 

Four high-speed 16-mm cameras, with operating speeds of approximately 500 frames/sec, 

were used to fllm the crash tests. A Red Lake Locam with a wide-angle 12.5-mm lens was 

placed above the test installation to provide a field of view perpendicular to the ground. A 

Photec IV with an 80-mm lens and a Red Lake Locam with a 76-mm lens were placed 

downstream from the impact point and had a field of view parallel to the bridge rail. A Red 

Lake Locam, with a 25-mm lens, was placed on the traffic side of the bridge rail and had a field 

of view perpendicular to the bridge rail. A schematic of all four camera locations is shown in 

Figure II. In addition, a Bolex camera, with an operating speed of approximately 64 frames/sec, 

was used as a documentary camera. A 20-ft wide by 55-ft long, white-colored grid was painted 

on the surface on the traffic side of the bridge rail. This grid was incremented in 5-ft divisions 

in both directions to provide a visible reference system for use in the analysis of the overhead 

high-speed film. The fllm was analyzed using the Vanguard Motion Analyzer. Actual camera 

speed and camera divergence factors were considered in the analysis of the high-speed fllm. 
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2.4.4 Speed Trap Switches 

Seven pressure-activated tape switches, spaced at 5-ft intervals, were used to determine 

the speed of the vehicle before impact. Each tape switch fired a strobe light which sent an 

electronic timing signal to the data acquisition system as the left front tire of the test vehicle 

passed over it. Test vehicle speeds were determined from electronic timing mark data recorded 

on "EGAA" software. Strobe lights and high-speed film analysis are used only as a backup in 

the event that vehicle speeds cannot be determined from the electronic data. 
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3 PERFORMANCE EVALUATION CRITERIA 

Roadside safety hardware, including approach guardrail transitions, must satisfy the 

requirements provided in NCHRP Report No. 230 m in order to be accepted for use on new 

construction projects or as a replacement for existing transition designs. NCHRP Report 230 

requires that approach transitions safely redirect a 4,500-lb automobile impacting at a speed of 

60 mph and an angle of 25 degrees. The safety performance of Missouri's modified bridge 

anchor section was evaluated according to three major factors: (1) structural adequacy; (2) 

occupant risk; and (3) vehicle trajectory after collision . These three evaluation criteria are 

defined in Table 1. The full-scale crash test was conducted and reported in accordance with the 

procedures provided in NCHRP 230. 

Table 1. NCHRP Report 230 Evaluation Criteria 

A. Test art icle shall smoothly redirect the vehicle; the vehicle shall 
not penetrate or go over the insta1lat ion although controlled lateral 

Structural deflection of the test article is acceptable. 

Adequacy D. Detached elements, fragments or other debris from the test article 
shall not penetrate or show potential for penetrating the passenger 
compartment or present undue hazard to other traffic. 

E. The vehicle shall remain upright during and after collision 

Occupant Risk 
although moderate roll, pitching and yawing are acceptable. 
Integrity of the passenger compartment must be maintained with 
essentially no deformation or intrusion. 

H . After collision, vehicle trajectory and final stopping position shal l 
intrude a minimum distance, if at all , into adjacent traffic lanes. 

I. In test where the vehicle is judged to be redirected into or stopped 
Vehicle while in adjacent traffic lanes, vehicle speed change during test 

Trajectory article collision should be less than 15 mph and the exit angle 
from the test article should be less than 60 percent of the test 
impact angle, both measured at time of vehicle loss of contact 
with test device. 
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4 COMPUTER SlMULA TION 

4.1 Background 

Computer simulation modeling with BARRIER VII was performed to analyze and predict 

the dynamic performance of the modified bridge anchor section prior to full·scale vehicle crash 

testing 1]). In addition, computer simulation was used to determine the critical impact point 

(CIP) of the bridge anchor section. The CIP location, as determined by BARRIER VII, was then 

used to check the simplified procedures for determining CIP locations found in NCHRP Report 

No. 350, Recommended Procedures for the Safety Performance Evaluation of Highway Features 

@. 

During the computer simulation modeling phase, it was anticipated that the full-scale 

vehicle crash test would be conducted according to NCHRP 350 @. The NCHRP 350 strength 

test required that a 2000-kg (4,409-lb) pickup truck be conducted at an impact speed of 100 

km/h (62.14 mph) and an impact angle of 25 degrees. Computer simulation was conducted 

modeling a 4 ,400-lb pickup truck impact at 62.14 mph and 25 degrees. The BARRTER vn 

model of the bridge anchor section is shown in Appendix B. The computer simulation input file 

is shown in Appendix C. 

4.2 BARRIER VO Results 

Six computer simulation runs were performed at different locations to determine the 

dynamic response and critical impact point (Table 2). The critical impact point was based upon 

the impact condition which produced the greatest potential for wheel-hub snagging on the lower 

blunt-end face of the upstream end of the concrete barrier curb. This blunt-end face extended 

1,4 in., as measured toward the roadway, away from the traffic-side face of the undeformed thrie 

beam rail. Therefore, the potential for wheel-hub snagging would exist with any significant rail 
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Table 2. Computer Simulation Test Matrix and Results 

Maximum Lateral Wheel-
Test Impact Impact Distance' Dynamic Rail Hub Snag 
No. Node Deflection Distance' 

(in.) (in .) 

I 19 11 ft - 10 3/4 in. 12.98 0.8 

2 23 8 ft - 9 114 in. 10.11 4.3 

3 27 5 ft - 7 3/4 in. 6.10 3.0 

4 25 7 ft - 2 112 in. 7.89 3.5 

5 24 7 ft - 11 7/8 in . 10.33 4.7' 

6 22 9 ft - 6 5/8 in. 11.73 4.5 

, - Longitudinal distance measured from impact location to upstream end of concrete barrier 
curb. 

, - Lateral distance of wheel-hub measured behind original location of traffic-side face of rail. 
This lateral distance is measured when the steel rim of the wheel hub contacts the blunt-end 
of barrier curb. 

, - Assumed critical impact point (CIP). 
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deflections and/or rail flattening near the blunt-end face. 

The results of the computer simulation indicated a potential for wheel-hub snagging on 

the blunt-end face of the concrete barrier curb. This was evident with wheel-hub snag distances 

ranging from approximately 3 to 4.7 in. (Table 2). Computer simulation with BARRIER vn 

revealed that a vehicle impacting approximately 8 ft upstream from the blunt-end of the barrier 

curb produced the greatest snag potential with a lateral wheel-hub snag distance of 4.7 in. The 

critical impact point (CIP) , as determined by the simplified procedures for Test No. 21 found 

in NCHRP 350 (8), was determined to be approximately 1.63 m (5 .3 ft) and less than 1.5 m 

(4.9 ft) for post spacings equal to 3 ft - 1 1/2 in. and I ft - 6 3/4 in ., respectively . The CIP 

values from computer simulation (8 ft) and NCHRP 350 (4 .9 to 5.3 ft) were not found to be in 

agreement. It appears that there may be a problem with the CIP graphs developed for Test No. 

21 (Figure 3.14 of NCHRP 350). 

Following the CIP comparison, it was determined that a CIP equal to 8 ft , as determined 

from BARRIER vn, would be used for the full-scale vehicle crash test. The crash test was to 

be conducted according to the new NCHRP 350 guidelines with a 4,409-lb pickup truck 

impacting at a speed of 62 . 14 mph and an angle of 25 degrees. However, after discussions with 

the MHTD, it was decided to perform the crash test according to the existing NCHRP 230 

guidelines with a 4,5()()-lb sedan impacting at a speed of 60 mph and an angle of 25 degrees. 

This change in testing criteria was made in order to compare the results with the previous SwRI 

crash test on the original bridge anchor section (IJ. 
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5 TFST RESULTS 

5.1 Test MBAS-I (4,501 Ibs, 59.0 mph, 26.7 deg) 

Test MBAS-I impacted the bridge anchor section at approximately 8 ft upstream from 

the end of the concrete barrier curb section (Figure 12). A summary of the test results and the 

sequential photographs is presented in Figure 13. Additional sequential photographs are shown 

in Figure 14. Documentary photographs of the crash test are shown in Figures 14 through 17. 

5.2 Test Description 

After the initial impact with the bridge anchor section, the right-front corner of the 

bumper and quarter panel crushed inward. At 0.022 sec, the right-front corner of the vehicle was 

near Post No.3. The front of the engine hood buckled at 0.038 sec after impact. At 0.048 sec, 

the front-end of the vehicle was bent toward the left away from the longitudinal centerline of the 

vehicle. The right-front corner of the vehicle was near Post No.2 at 0.064 sec after impact. 

Buckling of the left-front quarter panel occurred at 0.070 sec. The right-front corner of the 

vehicle was near Post No. 1 and at the upstream end of the concrete barrier curb section at 

0.080 sec and 0.096 sec, respectively. The roof of the occupant compartment buckled at 0.121 

sec. At 0. 131 sec, the maximum dynamic lateral deflections were measured at midspan rail and 

post locations. The vehicle became parallel to the bridge anchor section at 0.193 sec with a 

velocity of 40.7 mph . At 0.237 sec, the right-rear corner of the vehicle reached a position near 

Post No.3. The vehicle exited the bridge anchor section at approximately 0.287 sec at a speed 

of 37.5 mph and an angle of 3.0 degrees. The vehicle's trajectory is shown in Figure 13. The 

vehicle came to rest approximately 90 ft downstream from impact. 

5.3 Vehicle Damage 

Exterior vehicle damage was extensive (Figures 18 through 20), and interior vehicle 
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Figure 12. Impact Location, Test MBAS-l 

25 

~_I 

I 
~~I 



- . ~ , 
, . ... It.-

--",--

O.OOO-sec 0.08O-sec 0.121-sec 0. 193-sec 0.287-sec 

12 3 4 5 6 7 10 t! 12 
13 

14 

8 9 

-.., -_.' 
'''~''"'''''''''::~~ .. ':: :::.-•... --:.-:: --------_.- .,' -------- ... 

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

• Vehicle Angle 
• Test Number .....•.... .. MBAS·I Impact ... , " , ....... 26.7 deg 
• Date ......... .. ....... 7/30/93 Exit ..... , , , . ....... 3.0 deg 

~. Appurtenance .... .. ...... Missouri 's Modified Bridge 
Anchor Section 

• Vehicle Snagging . . . . . . . . . . . . . . . Wheel-bub snagging on concrete 
barrier curb end section 

• Total Length ...... . ...... 68 ft - 4 3/4 in. 
• Steel Thrie Beam 

Top Mounting Height .... 31 in . 
Material Size . . . . . . . . . . 10 Gauge 

• Steel Posts 
Post Nos. I • 5 ... ..... W6 x 9 by 6-ft long 
Embedment . ......... . 41 in. 

• Steel Spacer Blocks 
Post Nos. I - 5 ........ W6 x 9 by I·ft 9-in. long 

• Soil Type .......... . ... Silty-Clay (SL) (Dry) 
• Vehicle 

Model .............. 1985 Mercury Grand Marguis 
Weight 

Curb ....... ..... 3,670·lb 
TeSllneniai ....... . 4,501-lb 
Gross Static . ...... . 4,501-1b 

• Vehicle Speed 
Impact .......... . ... 59.0 mph 
Exit ..... . .. . .... .. 37.5 mph 

• Vehicle Stability . . ............ . Satisfactory 
• Occupant Ridedown Deceleration 

Longitudinal. . . . . . . . . .. 12.3 g's < 15 
Lateral .... . ......... 19.4 g's > 15 

• Occupant Impact Velocity (Normalized) 
Longitudinal ..... .... .. 25.6 fps < 30 
Lateral .............. 24.6 fps > 20 

• Vehicle Damage .. , .... , ....... Extensive 
TAD ..... . . . ....... I·RFQ-5 
VOl ..... ........... 0lRYAW4 

• Vehicle Stopping Distance . ........ 9O-ft from impact 
• Barrier Damage . . , , . . . . . . . . . . .. Moderate 
• Maximum Deflections 

Permanent Set 
Midspan Rail .......... 12.0 in. 
Post . . . . . . . . . . . . . . .. 11.2 in. 

Dynamic 
Midspan Rai) ...... . ... 13.5 in. 
Post . . . . . . . . . . . . . . .. 13 .0 in . 

Figure 13. Summary of Test Results and Sequential Photographs, Test MBAS-l 
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Figure 14. Full-Scale Crash Test, Test MBAS-1 
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Figure IS. Full-Scale Crash Test, Test MBAS-l 
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Figure 16. Full-Scale Crash Test, Test MBAS-l 
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Figure 17. Full-Scale Crash Test, Test MBAS-l 
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Figure 18. Vehicle Damage, Test MBAS-l 
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Figure 19. Vehicle Damage, Test MBAS- \ 
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Figure 20. Occupant Compartment Deformation - Dash and Roof, Test MBAS-l 
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damage was also significant (Figures 20 and 21). Vehicle damage occurred to several body 

locations, such as door and quarter panels, front bumper and grill , right-side wheels and rims, 

engine housing and hood, roof, windshield and windows, and occupant compartment floorboard 

and dashboard. Both right-side tires were deflated in conjunction with deformed steel rims 

(Figures 18 and 19). The right-side body panels were deformed due to vehicle-railing interlock 

and contact with concrete barrier curb (Figure 18). The right-side frame and undercarriage rested 

on the concrete surface. The right-front bumper and quarter panel were crushed inward (Figures 

18 and 19). The engine housing was bent toward the left, away from the longitudinal centerline 

of the vehicle (Figure 18). In addition, the engine housing, radiator, and grill were displaced 

approximately I ft behind the rear-side of the front bumper (Figures 18 and 19). The rear-side 

of the engine hood was also deformed. Buckling occurred to the occupant compartment roof, 

steel supports, and window frames (Figures 18 and 20). The front windshield was fractured 

(Figures 18 through 20). The front and rear floorboards on the vehicle's right-side received 

extensive deformation. Deformation to the right-front floorboard, shown in Figure 21, was 

judged to be sufficient to cause injury to vehicle occupants. The front dashboard, shown in 

Figure 20, was also severely deformed and buckled transversely. 

5.4 Barrier Damage 

Barrier damage was moderate as shown in Figures 22 through 24. The thrie beam and 

terminal connector were deformed (Figures 22 and 23). In addition , the thrie beam and terminal 

connector received II ft of black marks and scrapes beginning at 2 ft upstream from impact. 

Post Nos. I and 2 were found to be pushed back and twisted. In addition, at Post Nos. I and 

2, the steel backup plates were flattened and the steel spacer blocks were deformed. The 

rectangular washers at Post Nos . I and 2 were scuffed and bent; however, the washers showed 
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Figure 21. Occupant Compartment Deformation - Floorboard, Test MBAS-l 
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Figure 22. Bridge Anchor Section Damage, Test MBAS-l 
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Figure 23. Bridge Anchor Section Damage, Test MBAS-l 
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Figure 24. Concrete End Section Damage, Test MBAS-I 
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no evidence of pulling through the thrie beam rail (Figure 22). The concrete barrier curb section 

received black marks, scrapes, spalling, and cracks (Figures 22 through 24). The upstream end 

of the concrete barrier curb showed evidence of concrete cracking along an approximate 45 

degree plane with a vertical line (Figures 22 and 24) . Concrete spal]jng occurred at the top and 

the lower front-face on the upstream end of the concrete barrier curb (Figures 22 through 24) . 

The maximum lateral permanent set deflections for midspan rail and post locations, as 

determined from high-speed film analysis, were approximately 12.0 in . (11.8 in. field-measured) 

and 11 .2 in. (10.5 in. field-measured), respectively. The maximum dynamic lateral deflections 

for midspan rail and post locations, as determined from high-speed film analysis, were 13.5 in. 

and 13.0 in. , respectively. Midspan rail and post deflections are shown graphically in Figure 25. 

5.5 Occupant Risk Values 

The longitudinal and lateral occupant impact velocities (normalized) were determined to 

be 25.6 fps and 24.6 fps, respectively . The highest O.OIO-sec average occupant ridedown 

decelerations in the longitudinal and lateral directions were 12.3 g's and 19.4 g's, respectively . 

The results of the occupant risk, determined from accelerometer data, are summarized in Figure 

13. The results are shown graphically in Appendix D. 
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6 CONCLUSIONS 

The safety performance of Missouri ' s modified bridge anchor section proved to be 

unacceptable according to NCHRP Report 230 criteria W. The safety performance summary is 

presented in Table 3. The analysis of the test results revealed that the test article successfully 

redirected the test vehicle and the barrier did not penetrate into the occupant compartment. The 

vehicle also remained upright both during and after impact. However, the integrity of the 

occupant compartment was not maintained. Excessive interior deformations due to vehicle wheel­

hub snagging and contact with the end of the concrete barrier curb were deemed to be sufficient 

to cause occupant injury. Vehicle trajectory and final stopping distance were also within 

recommended limits. In summary, the safety performance of Missouri's modified bridge anchor 

section was determined to be unacceptable according to the NCHRP 230 criteria presented in 

Table 3. 
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Table 3. Summary of Safety Perfonnanee Results 

A. Test article shall smoothly redirect the vehicle; the vehicle S 
shall not penetrate or go over the installation although 
controlled lateral deflection of the test article is acceptable. 

Structural 
Adequacy D. Detached elements, fragments or other debris from the test S 

article shall not penetrate or show potential for penetrating 
the passenger compartment or present undue hazard to other 
traffic. 

E. The vehicle shall remain upright during and after collision U 
Occupant although moderate roll, pitching and yawing are acceptable. 

Risk Integrity of the passenger compartment must be maintained 
with essentially no deformation or intrusion. 

H. After collision, vehicle trajectory and final stopping position S 
shall intrude a minimum distance, if at all , into adjacent 
traffic lanes. 

Vehicle I. In test where the vehicle is judged to be redirected into or S 
Trajectory stopped while in adjacent traffic lanes, vehicle speed change 

during test article collision should be less than 15 mph and 
the exit angle from the test article should be less than 60 
percent of the test impact angle. both measured at time of 
vehicle loss of contact with test device. 

S - Satisfactory 
U - Unsatisfactory 
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7 RECOMMENDATIONS 

First, it is recommended that the lower blunt-end face at the upstream end of the concrete 

barrier curb be modified to prevent wheel-hub snagging. This modification may consist of 

reducing the width of the blunt-end face located below the thrie beam rail by approximately 3'h 

in . The blunt-end face of the current design extends '4 in. and 3'/, in., as measured toward the 

roadway, away from the front and rear faces of the un deformed thrie beam rail , respectively. 

Figure 26 shows a barrier curb configuration that may allow the modified bridge anchor section 

to meet NCHRP Report 230 safety standards. Further, increased reinforcement and/or increased 

concrete wall thickness may be necessary to prevent cracking in the concrete barrier curb 

section. 
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Figure 26. Proposed Front-Face for Modified Barrier Curb End Section 
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APPENDIX A. 

RELEVANT CORRESPONDENCE 
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BRIDGES/PLANNING ; 
Crash Test Report 
Missouri Guardrail Transition section 

Mr. ~~ayne Muri. Chief Engineer 

"-
October 20, 1989 

Missouri Highway and Transpor~ation Depart~ent 
J efferson City, ~issouri 

Dear Mr. l1ur i: 

Enclosed are two copies of the subject crash test report and a 
copy of the crash test film prepared by the Southwest Research 
Institute. Although the test was considered successful, ~e have 
the follow ing comments for you r consideration: 

We recommend adding a n additional post near the bridge 
e nd, which would improve the performance of the 
transition section. 

Additional reinforcement should be considered for the 
concrete end post to avoid maintenance problems with 
concrete barrier damage . A sketch of the actual 
reinforcing that Southwest Research Institute used i n 
the bridge end post is also e nclosed. 

If there a re any questions, please let us know. 

Enclosures 
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S incerely yours, 

Gerald J . Reihsen, P . E . 
Division Administrator 
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APPENDIX B. 

BARRIER Vll COMPUTER MODEL 
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APPENDIX C. 

BARRIER vn INPUT FILE 
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MISSOURI BR IDGE ANCHOR SECTION 4400- LB PICKUP TRUCK, 62_14 MPH , 25 DEG, NOOE 19 
35 12 11 1 49 14 2 a 
0.0010 0 . 0010 0.75 200 a 1. 0 

5 5 5 5 5 

0. 0 48.0 

3 73.56 

5 147.60 
7 197. 16 
9 246.96 

11 296.76 
13 371.64 
15 446.64 
19 521.64 
31 634.14 

33 652.89 
35 664.39 

3 

3 5 
5 7 

7 9 

9 " 
11 13 
13 15 1 

15 19 3 
19 31 11 

31 33 
33 35 

35 0.35 

33 .48 

21.48 
15.0 
9 •• 
5.4 

1.32 
0.0 
0.0 
0 .0 
0.0 
0.0 

0.0 
0. 0 
0.0 
0. 0 
0. 0 
0. 0 
0.0 
0 . 0 
0. 0 
0. 0 
0. 0 

35 34 33 32 31 30 29 28 27 26 

25 24 23 22 21 20 19 18 17 16 

15 14 13 12 " '0 9 8 7 6 
543 2 

100 8 

2 
3 

4 
5 

• 
7 

8 

300 3 

2 .30 
2.30 

2.475 
2.84 

3.205 

3.575 
4 . 82 
4.82 

21.0 

1.99 
1.99 

2.125 
2 .40 
2.68 
2.96 
4.00 
4.00 

0.0 

37.50 30000.0 
25 . 00 30000 .0 
18.75 30000.0 

18.75 30000.0 
18 . 75 30000 . 0 
18 . 75 30000 .0 
9.375 30000.0 

5.75 30000 . 0 

1000 .0 1000 . 0 

200 .0 200.0 1 .0 1 .0 

2 21.0 0 . 0 4.44 12 . 17 

4.44 12.17 
3 21.0 

400.0 400.0 

2 4 
5 5 6 10 

11 11 12 14 
15 15 16 
16 16 17 

17 17 18 
18 18 19 

19 19 20 32 
33 33 34 34 

35 36 
37 5 44 

45 23 47 

0.0 
16 . 0 

2000.0 
1.0 

'0' 
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APPENDIX D. 

ACCELEROMETER DATA ANALYSIS, MBAS-I 

Figure D-I Graph of Longitudinal Deceleration, Acc. #1 

Figure D-2 Graph of Longitudinal Occupant Impact Velocity , Acc. #1 

Figure D-3 Graph of Longitudinal Occupant Displacement, Acc. #1 

Figure D-4 Graph of Lateral Deceleration, Acc. #2 

Figure D-5 Graph of Lateral Occupant Impact Velocity, Acc. #2 

Figure D-6 Graph of Lateral Occupant Displacement, Acc. #2 
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Figure 0-1 Graph of Longitudinal Deceleration, Acc. #1 
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Figure 0 -2 Graph of Longitudinal Occupant Impact Velocity, Acc. #1 
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Figure 0-3 Graph of Longitudinal Occupant Displacement, Acc. #1 
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Figure D-4 Graph of Lateral Deceleration, Acc. #2 
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Figure 0-5 Graph of Lateral Occupant Impact Velocity, Acc. #2 
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Figure 0-6 Graph of Lateral Occupant Displacement, Acc. #2 




