
TE 
228 
F956 
1990 

FULL-SCALE 18,000 LB. VEHICLE CRASH TEST 
ON THE 

IOWA RETROFIT CONCRETE 
BARRIER RAIL 

Mr. Brian G. Pfeifer, E.1..T . 
Assistant Research Engineer 

Mr. Ronald K. Faller, E.I.T. 
Research Associate Engineer 

by 

submitted to 

Mr. William A. Lundquist, P.E. 
Bridge Engineer 

Iowa Department of Transportation 

in cooperation with 

i -----~· -· l 

Mr. James C. Holloway, E.l.T. 
Assistant Research Enginee. r 

Dr. Edward R. Post, P .E. 
Professor of Civil Engineering 

Federal Highway Administration - Iowa Division 

~SPORTATION RESEARCH REPORT TRP-03-19-90 

Civil Engineering Depanmcnt 
W348 Nebraslca Hall 

Univcn.ity of Nebraska-Lincoln 
Lincoln, Nebraslca 

68588--0531 

LIBRARY r 
~D7,3 

January, 1990 
IOWA DEPT. OF TRANSPORTATION 

LIBRARY 
800 LINCOLN WAY 

AMES, IOWA 50010 



DISCIAIMER 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 Iowa Department of Transportation or the 

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

or regulation. 



ABSTRACT 

Two full-scale vehicle crash tests were conducted on the Iowa Retrofit Concrete 

Barrier Rail. Test 14-1 was conducted with a 17,814 lb. test vehicle at 15.6 degrees and 44.8 

mph. Test 14-2 was conducted with the same vehicle, after the damage was repaired, at 15.1 

degrees and 49.9 mph. The point of impact for both tests was located 22.5 ft. from the 

upstream end of the retrofit barrier. 

The total length of the installation was 100 ft. It consisted of 86 ft. of standard 

retrofit concrete barrier rail section and 7 ft. of concrete endwall section on each end of the 

standard retrofit section. Two construction joints were located 35 ft. inward from both ends 

of the installation. 

The tests were evaluated according to the safety criteria in the AASHTO guide 

specifications, performance level 2. The safety performance of the Iowa Retrofit Concrete 

Barrier Rail was determined to be satisfactory. 
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1. INTRODUCTION 

1.1. Problem Statement 

The Iowa Department of Transportation (IDOT) and the Federal Highway 

Administration (FHWA) are concerned with the safety and structural adequacy of highway 

and bridge railing systems installed on Iowa highways. The performance of certain Iowa 

railing systems now in service cannot be predicted or verified by conventional analysis. 

Current AASHTO Standard Specifications for Highway Bridges permits the 

qualification of railing systems by full-scale vehicle crash testing. The Federal Highway 

Administration has directed that bridge railing systems be successfully crash tested before 

their use on Federal Aid Projects is approved. 

The Iowa Retrofit Concrete Barrier Rail is currently constructed as a replacement 

bridge rail for bridges on the Iowa Primary and Interstate Systems. Thus, full-scale vehicle 

crash testing was to be performed to evaluate the structural adequacy, occupant risk, and 

redirectional characteristics. 

The results of this study will be used to help guide the IDOT in the identification 

and evaluation of current procedures in which to improve the safety of the roadway 

environment. 
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1.2. Objective of Study 

The objective of the research study was to evaluate the safety performances of the 

Iowa Retrofit Concrete Barrier Rail by conducting full-scale vehicle crash tests in 

accordance with the "Recommended Procedures for the Safety Performance Evaluation of 

Highway Appurtenances", NCHRP 230 (1), and also in the "Guide Specifications for Bridge 

Railings," AASHTO (2). 

The Iowa Retrofit Concrete Barrier Rail had been full-scale vehicle crash tested with 

the 1,800 lb. and the 5,400 lb. vehicles (J). Therefore, the barrier was to be full-scale 

vehicle crash tested with the 18,000 lb. vehicle to satisfy the PL-2 performance level in 

AASHTO (2). 
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2. TEST CONDITIONS 

2.1. Test Facility 

2.1.1. Test Site 

The test facility was located at Lincoln Air-Park on the Northwest end of the west 

apron of the Lincoln Municipal Airport. The test facility, shown in Figure 1, is 

approximately 5 miles Northwest of the University of Nebraska-Lincoln. 

An 8 ft. high chain-link security fence surrounds the test facility to prevent vandalism 

to the test articles and vehicles, which could possibly disrupt the results of the test. 

2.1.2. Vehicle Tow System 

A reverse cable tow, 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 of that of the 

test vehicle. A sketch of the cable tow system is shown in Figure 2. In both tests the test 

vehicle was released from the tow cable approximately 30 ft. before impact with the Retrofit 

Concrete Barrier Rail. Photographs of the tow vehicles and the attached fifth-wheel are 

shown in Figure 3. 

The fifth-wheel, built by the Nucleus Corporation, with the aid of a digital 

speedometer in the tow vehicle, was used to accurately measure the speed of the test 

vehicle. 
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2.1.3. Vehicle Guidance System 

A vehicle guidance system, developed by Hinch (1), was used to steer the test vehicle. 

Photographs of the guidance system are shown in Figure 4, and a sketch of the guidance 

system is shown in Figure 2. The guide-flag, attached to the front left wheel and the guide 

cable, was sheared off 30 ft. before impact with the Retrofit Concrete Barrier Rail. The 3/8 

in. diameter guide cable was tensioned to 3000 lbs., and was supported laterally and 

vertically every 100 ft. by hinged stanchions. The hinged stanchions stood upright while 

holding up the guide cable. As the test vehicle passed each stanchion, the attached guide 

flag struck the stanchions, knocking them to the ground. The test vehicle guidance cable 

was approximately 2000 ft. in length. 
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2.2. Retrofit Concrete Barrier Desi~ Details 

An overall view of the Iowa Retrofit Concrete Barrier Rail is shown in the 

photographs in Figure 5 and a detailed drawing is shown in Figure 6. The total length of 

the installation was 100 ft. It consisted of 86 ft. of standard retrofit concrete barrier rail 

section and 7 ft. of concrete end wall section on each end of the standard retrofit section. 

The bridge rail consisted of three major components: the existing concrete curb, the 

rectangular (retrofit) concrete wall section, and the concrete end walls. The overall height 

of the barrier was 32-in. above the roadway surface, and the barrier was set back 3-in. from 

the curb face. 

The existing concrete curb remained from the full-scale vehicle crash tests performed 

on the Iowa Box-Aluminum Bridge Rail (5.). The 12-in. high concrete curb was constructed 

with a Nebraska Class "47-B-PHE" design mix. The concrete compressive strength at the 

time of the crash tests (for the Box-Aluminum Bridge Rail) averaged about 6,000 psi (see 

Appendix A). The curb was 20-in. wide and 86 ft. in length. The curb was anchored 8-in. 

into the existing airport concrete apron by two L-shaped No. 5 rebar dowels, spaced at 14-in. 

on centers over the length of the curb. An epoxy grout material was used as the bonding 

agent for the dowels. 

The 86 ft. rectangular (retrofit) concrete wall section was rigidly attached to the top 

of the existing 12-in. high concrete curb. The wall was also constructed with a Nebraska 

Class "47-B-PHE" design mix. The concrete compressive strength at the time of the crash 

tests averaged above 6,000 psi (see Appendix A). The rectangular concrete wall section was 

10-in. wide and 20-in. high. The front face was located 3-in. back from the top front edge 

9 



of the existing concrete curb. This dimension may vary from 1-in. to 3-in. on existing 

installations. The rectangular concrete wall section was anchored 10-in. into the existing 

concrete curb by two vertical No. 6 rebar dowels, staggered at 15-in. on centers over the 

length of the wall section. An epoxy grout material was used as the bonding agent for the 

dowels. The rectangular concrete wall section was constructed with two construction joints 

located 28 ft. from each end of the 86 ft. section. 

The 7 ft. concrete end walls were also constructed with the Nebraska concrete design 

mix and had the same concrete compressive strengths as the wall section (see Appendix A). 

The endwalls were rigidly anchored to the existing airport concrete apron by the existing, 

two No. 5 vertical dowels spaced at 13-in. on centers over the length of the end wall. An 

epoxy grout material was used as the bonding agent for dowels. 

Photographs of the construction process are shown in Figures 7 and 8. 

10 
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2.3. Test Vehicle 

The test vehicle was a 1983 GMC 7000 series single-unit truck weighing 17,814 lbs. 

Photographs of the test vehicle are shown in Figure 9, and the vehicle dimensions are shown 

in Figure 10. 

The same vehicle was used for Tests 14-1 and 14-2. During Test 14-1, the single tow 

vehicle was unable to get the test vehicle to the required impact speed. Thus, a rerun of 

the first test, Test 14-2, was performed. 

The decision was made to rebuild the test vehicle and reuse it for Test 14-2. Some 

of the factors which influenced this decision were as follows: (1) the cost of repair was 

approximately half of the cost for a new vehicle, (2) the center of mass had previously been 

accurately calculated and the ballast strategically located, and (3) both the cab and the box 

received only minor damage. 

The ballast was located according to the center-of-mass specification in AASHTO 

(Z). The location of the ballast is shown in Figure 11. It consisted of a reinforced concrete 

block which was bolted to the walls and floor of the box. The weight of the concrete block 

was approximately 5100 lbs. Photographs of the location and construction of the ballast are 

shown in Figure 12. 

The center-of-mass was calculated by two different methods in order to accurately 

locate the ballast. First the truck was treated as a composite rigid body and separated into 

three parts: (1) cab and frame, (2) box, and (3) ballast. The total center of mass was found 

by combining the centers-of-mass of the separate parts. 
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Secondly, the Suspension Method (.u) was used as a check on the static method. The 

Suspension Method is based on the principle that the center of gravity of any freely 

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

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

of gravity were established. The intersection of these planes located the center of gravity. 

Photographs of the suspension process are shown in Figure 13. 

Twelve, 12-in. square, black and white checkered targets were placed on the vehicle. 

These targets were used in the high speed film analysis. Two targets were located on the 

center-of-mass, one on the top and one on the side of the test vehicle. The remaining 

targets were located such that they could be used by both the perpendicular and overhead 

cameras. Stripes were also painted on the tires to indicate tire rotation. Dimensions of 

target locations are shown in Figure 14. 

Four SB flash bulbs were mounted on the roof of the box in order to record the time 

of impact with the barrier rail on the high speed film. The flash bulbs were fired by a 

pressure tape switch mounted on the front face of the test vehicle's bumper. 

The front wheels of the test vehicle were aligned to a toe-in value of zero-zero so 

that the vehicle would track properly along the guide cable. 
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VEHICLE DIMENSIONS 
FDR 18,000 LB. 

SINGLE UNIT TRUCK 

I• r2,--- I· <D ·I 
@ 

J--,4,4-------(61-----..... 

@ 

Ol.. 

® @ ·1 - @ 

1- ® -I 

MOffl 1983 GMC 7000 Series 

Totca.t v .. ;t,t 1 7 1 8 14 1 b . 
Front V.ight 5 1 052 1 b. 

R•cu-· A,cl• V.tgt,t 7 , 6 4 S 1 b • 
Jo.llut 5 11 4 1 b . 

(D OwrAII L•ngth 3 5 1 · 5 

ID Owr~l Vlctth 9 6 · O 
Dv•ra.ll F'ront ._,ght .....ll 6 . 0 

4l Cui L•ngth 97. 0 
Go.p L•n;th 7 . 5 
Trd•r/lo)( L~th 2 4 7 . 0 
Re~ Jody "-IQht 9 7 . 5 

I 
R•G.r Ground Cln,..nc• 3 8 . 5 
Roof t.lght 1JIU•r•ntla.l .i2..:..Q 
rront CircMld et.aMLna .2.Q....Q 
Mlnll'IUI'\ Ground ClRr&nC• .l..2...Q 
rront Dver'-ng 2 8 Q 

NOT£• till SCALE 
Alt ,w~ts ar• In lnc:tws. 

RHr Dwf"hA.ng 100.0 
rron-t T~dc Vldth 7 6 , 0 
F'ron't lwlp•r W1:h 8 9 . 5 

61 Roof Width 58. 0 
Typtco.l Tn Slz'9 a.nd IIIG.ivt•r ~ 
VhHl hH _2_1_8 ________ _ 

c.G. "-IQht 4 9 I 0 
C.C. L~o.l DlstG.nc• 1 2 5 , 6 
Root-Hood Dts"W"M:• 2 2 • 5 
Roo, i,.1ght 8 7 . 0 
Hood Haight 6 4 • 5 

Figure 10. Test vehicle dimensions. 
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Figure 11. Location of mass centers. 



Figure 12. Ballast construction. 
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Figure 13. Photographs of center-of-mass determination using suspension method. 
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2.4. Data Acguisition Systems 

2.4.1. Accelerometers 

Six endevco triaxial piezoresistive accelerometers (Model 7264) with a range of ± 

200 g's were used to measure the accelerations in the longitudinal, lateral, and vertical 

directions of the test vehicle. Two accelerometers were mounted in each of the three 

directions so that there would be two readings to compare. The accelerometers were rigidly 

attached to a metal block mounted at the center-of-mass of the test vehicle. The signals 

from the accelerometers were received and conditioned by an onboard vehicle Metraplex 

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

Recorder in the central control van. A flow chart of the accelerometer data acquisition 

system is shown in Figure 15, and photographs of the system located in the centrally 

controlled step van are shown in Figure 16. The latest state of the art computer software, 

"Computerscope and DSP", was used to analyze and plot the accelerometer data on a 

cyclone 386 / AT, which uses a very high-speed data acquisition board. 

2.4.2. Hi2h-Speed Photo~aphy 

Three high-speed 16 mm cameras were used to film the crash tests. The cameras 

operated at approximately 500 frames/sec. The overhead camera was a Red Lake Locam 

with a wide angle 12.5 mm lens. It was placed approximately 57.5 and 63 ft. above the 

concrete apron for Tests 14-1 and 14-2, respectively. The parallel camera was a Photec IV 

with an 80 mm lens. It was placed 250 ft. downstream and offset 3.3 ft. from a line parallel 

to the barrier rail. The perpendicular camera was a Photec IV with a 55 mm lens. It was 

placed 165 ft. from the vehicle point of impact. A schematic of the camera locations is 
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shown in Figure 17. 

A 20 ft. wide by 100 ft . long grid layout, shown in Figures 7 and 18, was painted on 

the concrete slab surface parallel and perpendicular to the barrier. The white-colored grid 

was incremented with 5 ft. divisions in both directions to· give a visible reference system 

which could be used in the analysis of the overhead high-speed film. 

The film was analyzed using the Vanguard Motion Analyzer. The camera divergence 

correction factors were also taken into consideration in the analysis of the high-speed film. 

2.4.3. Speed Trap Switches 

Eight tape pressure switches spaced at 5 ft. intervals, as shown in Figure 18, were 

used to determine the speed of the vehicle before and after impact. Each tape switch fired 

a blue SB flash-bulb located near each switch on the concrete slab as the front tires of the 

vehicle passed over it. The average speed of the test vehicle between the tape switches was 

determined by knowing the distance between pressure switches, the calibrated camera speed, 

and the number of frames from the high-speed film between flashes. In addition, the 

average speed was determined from electronic timing mark data recorded on the 

oscilloscope software used with the 386/ AT computer as the test vehicle passed over each 

tape switch. 

24 



dtvco t.narvco 
Pia Z'Ol"'e strtlvt Pi. z or-• SI.S tlvt 
Acceltr-of\rttr Acctltr~t,r 
Moul 7264-200 ~oCNI 7264-!0C 

Nrtr-o.plrx 300 S.r-i.s 
Slgnol Conctt10n1ng Srct1on (...p to 28 Accrlrr-~hra) 

Conctt10n1r Co.,..ds 340~3401Q.340d 
-··-· · -· · - ·· -· · - · ·-

nc Mui tlplt IClng S.ctlon 
(7 Acc~,,..oiwt.rs Prr Cho.nnrl 4 Ch~l• M••-> 

Southrrn Co.OFOM'llo Htcrowov• 
4-Cho.nntl Tro.nSNtUI" 

Col"lpo tlolr •Ith Crllulo.,.. Phont '-ntrMU 
hs-t 

V•hlcl• 

Soutlwrn Co.ltfornkl ltcro•ovr C.ntrt.l 
4-ChonMl Rtc:tlvff' Control 

Cor,po. ~l• lflth C.llulor Phon. Mt.Mu Vt.n 

Honrynll MoCNI 101 
14 Cho.Mt>! Mo.QMtic 

To.pr Recor-NI" 

Nrtroplrx JOO s,,..._. 
rH l>rl"IO~O. tor-

~U.Sll'IQ f'IOCNI 120 r1i< Drl"lod's' 
■ r.e.1r, cf' 10 ■ 

Sl;ncd fllttr-lng 
(SA( JZllb) 

CMnMI Cius 180 
(18~ M7) 

C)'IMr Re uo.rch 
Cyclonr 386/Ai Col"lpll'trr 

Witt'\ CybtrRun.-ch 
Vff'y High Spttd AID loo.l"d 

CJZ bit r"uotuttol'I) 
CUp to l ..-Cz So"lplt ht.> 

Do.to. ts• 
J. Stor"•d 
2. Dtr-tv•d 
3. (nt.gr-o.bd 
4. Plottrd 

TEST RESULTS 
t Vff'IClt Cho.n91-1n-SpHd 
2. Dcc...pont Dlsplo.c•"'•nt 
3. Occupant ~o.ct VrlDCl't)I 
4. Qcc...po.nt lttNciown 

Accrler-otlon 

• Flowchart of accelerometer data acquisition system. 

25 



Figure 16. Photographs of data recorder and 386/ AT computer. 
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Figure 18. Photographs of speed trap switches. 
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2.5. Test Parameters 

Tests 14-1 and 14-2 were conducted at a target speed of 50 mph with a target impact 

angle of 15 degrees. A 1983 GMC 7000 Series single-unit truck weighing 17,814 lbs. was 

used as the crash test vehicle. The location of impact was 22.5 ft. from the upstream end 

of the Iowa Retrofit Concrete Barrier Rail. 
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3. PERFORMANCE EVALUATION CRITERIA 

The safety performance objective of a highway appurtenance is to minimize the 

consequences of a vehicle leaving the roadway to create an off-road incident. The safety 

goal is met when the appurtenance (Retrofit Concrete Barrier Rail) smoothly redirects the 

vehicle away from a hazard zone without subjecting the vehicle occupants to major injury 

producing forces. 

Safety performance of a highway appurtenance cannot be measured directly, but it 

can be evaluated according to three major factors: (1) structural adequacy, (2) occupant 

risk, and (3) vehicle trajectory after collision. These three factors are defined and explained 

in NCHRP 230 (1). Similar criteria is presented in the new AASHTO (2) criteria. 

Currently, there is not a specific test designation for the 18,000 lb. crash test in the 

NCHRP 230 Report (1). Therefore, there is not a specific set of evaluation criteria to meet 

from the NCHRP 230 Report (1). Thus, the evaluation criteria used to evaluate the crash 

tests was taken from the AASHTO Report (2). The test conditions for the matrix are shown 

in Table 1. Also, the specific evaluation criteria used to determine the adequacy of the 

barrier are listed in Table 2. 

After each test, the vehicle damage was assessed by the traffic accident data scale 

(TAD) (1) and the vehicle damage index (VDI) (a). 
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-------------------
TABLE 1. CRASH TEST CONDITIONS AND EVALUATION CRITERIA 

TEST SERVICE 'IYPE TEST SPEED ANGLE REQUIRED DESIRED 
AGENCY LEVEL BARRIER VEHICLE (MPH) (DEG) CRITERIAt CRITERIAt 

RAILING 

AASHTO P~2 BRIDGE 18,000 LB 50 15 A,B,C D,E,F,H 
(1989) 1RUCK 

tDescription of Criteria is located in Table 2. 



TABLE 2. DESCRIPTION OF AASHTO EVALUATION CRITERIA 

A The test article shall contain the vehicle; neither the vehicle nor its cargo shall 
penetrate or go over the installation. Controlled lateral deflection of the test 
article is acceptable. 

B. 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. 

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

D. The vehicle shall remain upright during and after collision. 

E. The test article shall smoothly redirect the vehicle. A redirection is deemed 
smooth if the rear of the vehicle does not yaw more then 5 degrees away from 
the railing from time of impact until the vehicle separates from the railing. 

F. The smoothness of the vehicle- railing interaction is further assessed by the 
effective coefficient of friction µ., where µ. = ( cos0 - Vp/V)/sin0. 

II! Assessment 
0.00 - 0.25 Good 
0.26 - 0.35 Fair 

> 0.35 Marginal 

H. Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 
100 ft. plus the length of the test vehicle from the point of initial impact with 
the railing, the railing side of the vehicle shall move no more than 20 ft. from 
the line of the traffic face of railing. 
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4. TEST RESULTS 

4.1. Test No, 14-1 

Test No. 14-1 was conducted with a 1983 7000 Series GMC single unit truck weighing 

17,814 lb. The impact occurred 22.5 ft. from the upstream end of the barrier at a speed of 

44.8 mph and at an angle of 15.6 degrees. A summary of the test results and sequential 

photos is shown in Figure 19. Additional sequential photos are shown in Figure 20. 

Upon impact with the retrofit concrete barrier rail, the right front comer of the 

vehicle was crushed and the wheel was bent inward. After the initial impact, the vehicle 

rode up on the barrier and slid along the remaining length. There was significant clockwise 

rolling motion as the vehicle slid along the barrier with a maximum roll angle of 31.4 

degrees. After the vehicle exited from the barrier, it rolled in the counterclockwise direction 

for a short period of time. Hence, the momentum of the vehicle caused it to roll in the 

clockwise direction and tip over onto the passenger side of the vehicle. The vehicle came 

to rest on the passenger side of the vehicle approximately 160 ft. downstream from the point 

of impact. 

Photographs of the vehicle damage are shown in Figure 21. The TAD (1) and VDI 

(.8) damage classifications are shown in Figure 19. Photographs of the minimal damage to 

the retrofit concrete barrier rail are shown in Figure 22. Some concrete spalling occurred 

due to the initial impact of the vehicle. 

The radio transmitted signal from the accelerometers was not adequately received 

by the central control van. This was thought to occur due to the location of the antenna at 

the rear of the long metal truck box. Thus, it was necessary to analyze the high-speed film 
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to determine the change in velocity and deceleration curves for the test. Graphs of the 

longitudinal and lateral deceleration, vehicle change in speed, lateral occupant impact 

velocity, and longitudinal and lateral occupant displacement versus time are given in 

Appendix C. 

The longitudinal occupant displacement did not reach 24 inches while the vehicle was 

within the field of view of the overhead camera so there was no longitudinal occupant 

impact velocity or ridedown decelerations available. 

Due primarily to a strong headwind, the vehicle did not reach the required impact 

speed in Test 14-1. The test was repeated as 14-2 with two tow vehicles rigidly connected 

to each other, as shown in Figure 3. Several practice runs were made prior to the test to 

ensure that this system would be adequate. It was found that the horsepower from the two 

vehicles was sufficient to overcome a small head wind. 
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• Retrofit Concrete Barrier Rail Damage, Test 14-1. 
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4.2. Test No. 14-2 

Test No. 14-2 was conducted with a 1983 7000 Series GMC single unit truck weighing 

17,814 lb. The impact occurred 22.5 ft. from the upstream end of the barrier at a speed of 

49.9 mph. and at an angle of 15.1 degrees. A summary of the test results and sequential 

photos is shown in Figure 23. Additional sequential photos are shown in Figure 24. 

Upon impact with the retrofit concrete barrier rail, the right front corner of the 

vehicle was crushed and the wheel was bent inward. After the initial impact, the vehicle 

rode up on the barrier and slid along the remaining length. There was significant clockwise 

rolling motion as the vehicle slid along the barrier with a maximum roll angle of 28.7 

degrees. After the vehicle exited from the barrier, it rolled in the counterclockwise direction 

for a short period of time. Hence, the momentum of the vehicle caused it to roll in the 

clockwise direction and tip over onto the passenger side of the vehicle. The vehicle came 

to rest on the passenger side of the vehicle approximately 160 ft. downstream from the point 

of impact. 

Photographs of the vehicle damage are shown in Figure 25. The TAD (1) and VDI 

(.8) damage classifications are shown in Figure 23. Photographs of the minimal damage to 

the retrofit concrete barrier rail are shown in Figure 26. Some concrete spalling occurred 

due to the initial impact of the vehicle. 

The radio transmitted signal from the accelerometers was not adequately received 

by the central control van. This was thought to occur due to the location of the antenna at 

the rear of the long metal truck box. Thus, it was necessary to analyze the high-speed film 

to determine the change in velocity and deceleration curves for the test. Graphs of the 

39 



longitudinal and lateral deceleration, vehicle change in speed, lateral occupant impact 

velocity, and longitudinal and lateral occupant displacement versus time are given in 

Appendix C. 

The longitudinal occupant displacement did not reach 24 inches while the test vehicle 

was within the field of view of the overhead camera so there was no longitudinal occupant 

impact velocity or ridedown decelerations available. 
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5. CONCLUSIONS 

Two full-scale vehicle crash tests were conducted to evaluate the safety performance 

of the Iowa Retrofit Concrete Barrier Rail. Both tests were conducted with a 1983 7000 

Series GMC single unit truck weighing 17,814 lbs. with a target impact angle and velocity 

of 15 degrees and 50 mph, respectively. 

The two tests were evaluated according to the safety performance criteria given in 

AASHTO (2). The safety evaluation summary using this set of criteria is presented in Table 

3. The results of both tests are summarized in Table 4. 

The analysis of the two crash tests revealed the following: 

Test No. 14-1 

1. The retrofit concrete barrier did successively contain the vehicle. 

2. Neither the vehicle nor its cargo penetrated or went over the installation. 

3. No detached elements or fragments penetrated the passenger 

compartment. 

4. Integrity of the passenger compartment was maintained. 

5. The vehicle did not remain upright after the collision. 

6. The test article did smoothly redirect the vehicle. 

7. The effective coefficient of friction was good. 

8. The vehicle's exit angle of 6 degrees was less than the limit of 12 degrees. 
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Test No, 14-2 

1. The retrofit concrete barrier did successively contain the vehicle. 

2. Neither the vehicle nor its cargo penetrated or went over the installation. 

3. No detached elements or fragments penetrated the passenger 

compartment. 

4. Integrity of the passenger compartment was maintained. 

5. The vehicle did not remain upright after the collision. 

6. The test article did smoothly redirect the vehicle. 

7. The effective coefficient of friction was good. 

8. The vehicle's exit angle of 4.1 degrees was less than the limit of 12 

degrees. 

Based upon the items listed above, the results of Tests 14-1 and 14-2 proved to be 

both consistent and acceptable to the AASHTO (2) guidelines. 
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TABLE 3. AASHTO EVALUATION CRITERIA 

EVALUATION CRITERIA TEST TEST 
14-1 14-2 

REQUIRED 

A The test article shall contain the vehicle; neither the vehicle 
nor its cargo shall penetrate or go over the installation. s s 
Controlled lateral deflection of the test article is acceptable. 

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

C. Integrity of the passenger compartment must be maintained 
with no intrusion and essentially no deformation. s s 

DESIRABLE 

D. The vehicle shall remain upright during and after collision. 
u u 

E. The test article shall smoothly redirect the vehicle. A 
redirection is deemed smooth if the rear of the vehicle does 
not yaw more than 5 degrees away from the railing from s s 
time of impact until the vehicle separates from the railing. 

F. The smoothness of the vehicle-railing interaction is further 
assessed by the effective coefficient of friction µ.; where 
µ. = (cose - Vp/V)/sin0. 

0.10 0.10 
U! Assessment 

0.00 - 0.25 Good 
0.26 - 0.35 Fair 

> 0.35 Marginal 

H. Vehicle exit angle from the barrier shall not be more than 
12 degrees. Within 100 ft. plus the length of the test vehicle 
from the point of initial impact with the railing, the railing 
side of the vehicle shall move no more than 20 ft. from the s s 
line of the traffic face of the railing. 

S - Satisfactory M - Marginal U - Unsatisfactory G - Good 
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TABLE 4. SUMMARY OF TEST RESULTS 

I 
TEST ITEM I TEST NO. I TEST NO. I 14-1 14-2 

Vehicle Weight (lb.) 17,814 17,814 

Vehicle Impact Speed (mph) 44.8 49.9 

Vehicle Exit Speed (mph) 40.7 44.0 

Vehicle Impact Angle (deg.) 15.6 15.1 

Vehicle Exit Angle (deg.) 6.0 4.1 

Vehicle Rebound Distance (ft.) 22.2 11.8 

Vehicle Damage (TAD) (1) 1-RFQ-3 1-RFQ-3 

Vehicle Damage (VDI) (R) 01RFES2 01RFES2 

Longitudinal Occupant Impact Velocity (fps) N.A N.A 

Lateral Occupant Impact Velocity (fps) 4.75 8.8 

Longitudinal Occupant Ridedown Deceleration (g's) N.A N.A 

Lateral Occupant Ridedown Deceleration (g's) 2.5 4.0 

Did snagging occur? No No 

Did vehicle remain upright? No No 
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6. RECOMMENDATIONS 

The Iowa Retrofit Concrete Barrier Rail has met the criteria for all three of the 

vehicle classifications of the PL-2 performance level in the AASHTO guide specifications 

(2). 

Therefore, it is recommended that the Federal Highway Administration approve this 

appurtenance as a safe design and qualify it for use on Federal Aid Projects. 

49 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

7. REFERENCES 

"Recommended Procedures for the Safety Performance Evaluation of Highway 
Appurtenances", National Cooperative Highway Research Program Report 230, 
Transportation Research Board, Washington, D.C. March, 1981. 

"Guide Specifications for Bridge Railings," American Association of State Highways 
and Transportation Officials, Washington, D.C., 1989. 

Faller, R.K, Magdaleno, JA, Post, E.R.,"Full-Scale Vehicle Crash Tests on the Iowa 
Retrofit Concrete Barrier Rail", Final Report to Iowa Department of Transportation, 
Report No. TRP-03-015-89, Civil Engineering Department, University of Nebraska­
Lincoln, January, 1989. 

Hinch, J., Yang, T.L., and .Owings, R., "Guidance Systems for Vehicle Testing". 
ENSCO, Inc., Springfield, VA, 1986. 

Faller, R.K, Magdaleno, J.A, Post, E.R.,"Full-Scale Vehicle Crash Tests on the Iowa 
Box-Aluminum Bridge Rail", Final Report to Iowa Department of Transportation, 
Report No. TRP-03-013-88, Civil Engineering Department, University of Nebraska­
Lincoln, November, 1988. 

"Center of Gravity Test Code - SAE J874 March 1981", SAE Handbook Vol. 4, 
Society of Automotive Engineers, Inc., Warrendale, Penn., 1986. 

"Vehicle Damage Scale for Traffic Accident Investigators", Traffic Accident Data 
Project Technical Bulletin No. 1, National Safety Council, Chicago, Ill., 1971. 

"Collision Deformation Classification, Recommended Practice J224 March 1980", 
SAE Handbook Vol. 4, Society of Automotive Engineers, Warrendale, Penn., 1985. 

50 



8. APPENDICES 

51 



APPENDIX A 

CONCRETE COMPRESSIVE STRENGTHS 

52 



STATE OF NEBR AS- KA 
r-zjl!i,, .. 

DEPARTMENT OF ROADS 

KAY A. ORR 
GOVERNOR 

Dr. Edward R. Post 
University of Nebraska 
Department of Civil Engineering 
W348 Nebraska Hall 
Lincoln, NE 68588-0531 

Reference: Project No. BRF-0005(2)--38--00 

Dear Dr. Post: 

G. C. STROBEL 
DIR ECTOR-STATE ENGINEER 

November 3, 1988 

Final inspection on phase 2 of the above referenced project has been 
made. It is our opinion that the work is in reasonable conformity to 
the plans and specifications and is acceptable. 

Compressive strengths of concrete cylinders fabricated during this phase 
are as follows: 

ITEM DATE PLACED AGE (days) COMPRESSIVE STRENGTH 

Curb Repair 10/11/88 7 5090 psi 

Barrier rail (35' sec's.) 
and both end sections 10/14/88 

· Barrier rail-center 
section 10/17/88 

14 5620 psi 

7 5450 psi 
10 4880 psi 
14 5090 psi 

7 4530 psi 
14 5940 psi 

Results of the 28 day breaks will be forwarded when completed. 
Cylinders were cured under field conditions so compressive strengths 
should be representative of the material in the structure. 

Best Reg~ 

0v<~ 
Dalyce Ronnau 
Assistant Engineer 
Materials & Tests Division 

DR/bb 

P.O. BOX 94759, LINCOLN, NEBRASKA 68509-4759, PHONE (402) 471-4567 

AN EQUAL OPPORTUNITY / AFFIRMATIVE ACTION EMPLOYER 

c; ~ 



STATE OF NEBRASKA 
DEPARTMENT OF ROADS 

KAY A. ORR 
GOVERNOR 

Dr. Edward R. Post 
Un iversity of Nebras ka 
Department of Civil Engineering 
W348 Nebraska Hall 
Lincoln, NE 68588-0531 

Reference: Pr oject No. BRF-0005(2)--38--00 

Dear Dr. Post: 

G. C. STROBEL 
DIR ECTOR-STATE ENG INEER 

November 22, 1988 

Comoressive strengths of concrete cylinders fabricated during Phase 2 of 
the above referenced project are as follows: 

ITEM DATE PLACED AGE (days) Compressive Strength 

Curb Repair 10/11/88 7 5090 psi 
14 5620 psi 
28 5620 psi 

Barrier rail (35 1 sec's.) 
and both end sections 10114/88 7 5450 psi 

10 4880 psi 
14 5090 psi 
28 6050 psi 

Barrier rail-center 
section 10/17/88 7 4530 psi 

14 5940 psi 
35 6440 psi 

Please advise should further information on the concrete placements be 
needed. 

CfJRca 
Dalyce Ronn~ 
Assistant Engineer 
Materials & Tests Division 

DR/bb 

P.O. BOX 94759, LINCOLN, NEBRASKA 68509-4759, PHONE (402) 471-4567 
AN EQUAL OPPO RTUNITY / AFFIR MATIVE ACTION EM PLOYE R 
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I e 81~~~0~~~~~~~~ ?o~l!r~l~/~~~ation 
I August 31, 1988 

Dr. Edward R. Post 
Civil Engineering Department 
University of Nebraska 
W348 Nebraska Hall 
Lincoln, Nebraska 68588-0531 

Dear Dr. Post: 

Ref. No. Statewide Safety 
BRF-OOOS(2)--38-00 

In order to more accurately represent existing installations 
as they are actually constructed, we will require certain 
changes or restrictions to the details for the Retrofit Con­
crete Barrier Rail to be tested. Project Sheet 3 of 4, 
showing the installation for task No. 2 of our testing con­
tract, shall be changed as follows: 

1. For dowel setting, the epoxy grout system shall be used. 

2. Provide two construction joints within the length of 
rail. Vehicle impact should be just behind a con­
struction joint. As shown by the project sheet, longi­
tudinal reinforcing shall extend through the 
construction joint. 

3. Vertical bars are to be spaced transversely as shown by 
the project sheet. The dimensions as shown are clear 
dimensions. 

4. The front vertical face of the retrofit barrier shall be 
a constant 3 inches from the top front edge of the curb 
i.e. keep dimension "x" at 3 inches. 

Please notify the Nebraska Department of Roads and your sub­
contractor, M. E. Collins Contracting Co., of these re­
v1s1ons. Three copies of the revised project sheet are 
enclosed for your use. 

WAL:WCE/dlt 
enclosure 
cc: R. Humphrey, G. Anderson 

B. Brown, B. Brakke, FHWA 
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Sincerely, 

f;J.L:_ /.cL., r. 
William A. Lundquist 
Bridge Engineer 



~~a~?YY~o ~e~~.~~~~ ~tir~~~~~ation 
~ September 9, 1988 Ref. No. 521.5 

Dr. Edward R. Post 
Civil Engineering Department 
University of Nebraska 
W348 Nebraska Hall 
Lincoln, Nebraska 68588-0531 

Dear Dr. Post: 

This memo is to advise you that, based on the tests run pre­
viously, no further testing of the box-aluminum rail system 
(Task I) is required. You may proceed to remove that rail 
system and construct the concrete retrofit wall in prepara­
tion for the testing required for Task II. 

The Iowa Department of Transportation and FHWA have agreed 
that the vehicles used in Task II be as follows: 

Ve h i c 1 e _ _Ll b ) 

1800 
5400 (pickup) 

s P.~~.9.-l!!!P. h ) 

60 
60 

Impact Angle 
ii~.9.~~~~l 

20 
20 

Also, construction details shall be as listed in my memo of 
August 31, 1988. 

Inspection of the damage to the rail and curb section due to 
Task I testing indicated that all of the reinforcing bars 
for the curb were not placed in accordance with the plan. 
Although this apparent misplacement probably did not affect 
that testing it is imperative that the rebars be placed cor­
rectly for Task II testing. I would request that this re­
quirement be brought to the attention of the Contractor and 
Inspector. 

WAL:dlt 
cc: R. Humphrey, G. Anderson 

B. Brown, G. Sisson 
B. Brakke, FHWA 
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Sincerely, 

l/~ d C/2,.,_~+ 
William A. Lundquist 
Bridge Engineer 
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HIGH-SPEED FILM ANALYSIS 

Graph of Longitudinal Deceleration, Test 14-1 

Graph of Vehicle Change in Speed, Test 14-1 

Graph of Longitudinal Occupant Displacement, Test 14-1 ........... . 

Graph of Lateral Deceleration, Test 14-1 ....................... . 

Graph of Lateral Occupant Impact Velocity, Test 14-1 .............. . 

Graph of Lateral Occupant Displacement, Test 14-1 ............... . 

Graph of Longitudinal Deceleration, Test 14-2 ................... . 

C-8. Graph of Vehicle Change in Speed, Test 14-2 .................... . 

C-9. Graph of Longitudinal Occupant Displacement, Test 14-2 ........... . 

C-10. Graph of Lateral Deceleration, Test 14-2 ....................... . 

C-11. Graph of Lateral Occupant Impact Velocity, Test 14-2 .............. . 

C-12. Graph of Lateral Occupant Displacement, Test 14-2 ............... . 

58 

Page 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 



- -

,,..... 
rJJ -C,!) 

V1 '-,,/ 

'° i:: 
0 .,., 
,µ 
cu 
I-< 
<LI ,..., 
<LI 
u 
<LI 

A 
,..., 
cu 
i:: .,., 

""O 
::, 
,µ .,., 
00 
i:: 
0 

1-4 

- - - - - - - - - - - - - - - - -
,111111 111n11111111111,,,11, ,, ,111111111r11111•111111111m1111111m111111111111111111111111111111111111111111111111,1111111111 nn1 1111m111111111,11111111111111•11111111r1,111111111111111111111111 11 11111111111 111111111•111to11•111111111111,1,11111111111111111111,,,,,,,,,,,, ,,11111111111111•11t111111,1,,1,11111111111111111111111,,,,,1111111 1111 11111111111111111111111111111111,111111111111t11111111111111111111111111,111111111111111111111111111t111111111111111111111111111 ,1 11111111111111, , 1,1111 •11 1111111111111111111111

1
111111"''''''"111111111111"'' '' ' '' •11111 

TE::::; T ::i::1+ .. ··· :I. 

'+ ' ,::, 

(I 

1:,. I (I 

:I. ',::, 

(I ,(I 

..... :I. ',::, 

(I 

1.... ,:::, 1··.I ,:::, T T 1 ... 1 D :r l'--1 I"'! \.. .. D I:::: ,:::: E:: I.... E i::;: 1:::1 T ::1:: ,:::, l··•I .. .................................. ____ ....................................... . ................... . ____ ....................................................................................... .. 
.............. .. ...................................................................................................... .. ............. ____ _ 

.11.................... .. ....................... ............ -1, ......................................................... ,................ ................................................ .. ...................... .... 1,-____ .................... ,....... .. .... . 

ii 

------1 .......................................................... 1 ...................... ... ............. .................... . . ·--· ................. , ........................................................ , ......................................... --,---. · /11 
" I I 

r ..... 
I ... , 
I I 
I I 
I I 

,' \ I I I I 

', --, ,, I ', 
I I 1 1 I 

. , ' ,, I ,__ /, 

' I ', I 1•• • ·-.., 

..................... - ...... ·I•••· 

-- - ........... , ................................. -......,....----- I -- -- - - ----+- - -- -1- -- - - - ----- - ~-+:~>•\ --.1-----ti -r-TIIII-- ,,'(~~ 

............... / \, I I " 

/'1 
,.t I 

./ II 
I I 
I I 

', / ', I \ ,, ·--
' ' ' ', ------~ \ / \ I ---":- I -- ___ :\,. - _,, --- --- --•,/ \ ·,.,/ 

.. ··· 
.t' .. ·· 

,/ 11 

....... ··1 
1
1 

.,_ ____ ................. , ......... .. I ' I ,' 

' •, I ,/ ···,.. ... I I.., ......... , 

I ,·· 
·-'r .. - ---·...,./ ....... 1-----

1 / 

\ .......... \.,, ................... 1 ....... .. 

.,, I 
\ I 

I ,, 
I I 

11... /' 
'•. 1' 

·•,,' 

,, 

\. I 
_____ .................... 1 ........... -------+--------+--- '1 ............ . -i----· 

---------···-... .... j ...... ....... . ............... ___ _ 
....................................................... 1 ...................................... -_ ......... _ ........................... --+-, ................................................ , .......................................................... ,-....-- ----.,i ........ ..................................... -.... -.... .. 

............................ ____ ....,, ...................................................... .. ·----........ , .............................................. ............ 1·· .............. ....................................... ,, 
(I I :I. !::: (I 1 ;::: Cl I) I :::: !::: I) ,1)(1 

11111111111111111111•1111ttu11111111111"tffllll!fflll•rtltl llllllffll(INllll•llllll"""IIIIIIIIN lllll n1111 n 111111111111••····••1111111111m1111111111111111111111111111111m1111111111111,1111111 11111111tt111111111,,,,,111111111t111111,,m0111111111111111111111111111•11+1111111111111111111111111111111ott1111 m1 111111111 111111111111111111111•11111,,1111111111111111 .. ,1,,,,,,,fflt1llllllll ltll llllltlllllllll"'""'''"""'''"'II IIIIIIIIIIIIIOllllllllll!lliJ llltlltlllllllllll lll l ltlllllll
1
111111111 111111111NIIIIIIIIIIH!IH • 1m11 ""'' 

(I I O !::: •) :I.,::, I) I ::;: (I (I I:::: !::: (I I 1.+ (I 

Time (Sec) 
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FIGURE C-2. GRAPH OF VEHICLE CHANGE IN SPEED, TEST 14-1 
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FIGURE C-3. GRAPH OF LONGITUDINAL OCCUPANT DISPLACEMENT, TEST 14-1 
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-

°' w 

- - - - - - - - - - - - - - - - - -

Ill 
0 

µ., 
'-' 

> .µ . .., 
u 
0 

.-I 
QJ 

> 
.µ 
u 
Cil 

::, 
u 
u 

0 

111111•111•111"1111,,1111111,111111111n1111r111r11111m11111111111••1111r1•t1m1111111111111111111111111111111111,11,1111,11111111111111111111111111111111111tt1111111111•111111111,,,,,111111111111111111111111111111111•1"111111111111111111111111,,1,,1111111,1111111,11111111111111111111111111111111111111111111111111111111111111111111111•11111111111111,,,,,,,,,111111111,,,,,,,,1,1,111t1111111,1111111••1111111111111111111111111111111111,111,111111111111111,,,11111111111111111111111111111 111111,111 111111t11111111111111111111111u11111111111111111111111111111 , ••11 •1111 

1.... n r 1:,: r I t' ' 1 1 ,:::, ,:::: ,: : 1 .1 r , i: 1 1 1 r :i. 1 •·11 •' H ( 1 , .. , i:::: 1 .. , ·, ,· . · 1 · 1 ·,. .. ·1 r ... ; T ::i: ' 1 .. 1. ------1 
....... ....................... ................................................ ........... ....... ........................ ..... : ... ·:..... ... . . .. ........... ::::.: ·:. ::· ·: ... ·. :·:·::. :·:::: :.:·.· .:.::.: .. :·: . :·:::· .,... .. . .......... ... ·. : ..... :: :. ::.': '.':·. : ... . ·. ... ·:. : : .. : .':·::. ·::.:: ::::.· .. : .... :.: .. : ::.:·: ·::::::.'::::: ::::: .. :·:· .. :: :. :: : :·.:· .. :::::: ::·.:::::·:.: ... :·:·: :·: .. . .. .......... . 

:I. ,::, (I 

,0 

( '., I (I 

4175 
FPS 

'+' ,::, 

, ::: I I) 

--------1-- ........................................ ... 1 .... _____ ........................ J .............................................. --1---........................... ----11--.. -----.................... , ....................................... . 

.... 

.. ------- J.....--................................ _ ....... ______ .............. 1 ............................................................ , ............................................................ , .......................................................... , ........................................................... 1--------- - .,, .............. , .... . 
·' 

•ll------................... , ............................................................. 1------•· ...................... ,.------

.................................... -----1-----................................. , ......... -------

.... ,.................. .............. ............................... . ............. .. 

,/ ... 

I 

1' 
I ____ .............. , .. 

,./ 
,·· 

./ 

....... , .•. ····· ........... ,·· ....... .. 
,.····· 

{ 

,,,••I 

··· ... •·"'' ........................................ . 

... · 
........................................ ····.:·• .......... ,,, ......... 1 ............ ............. _..,,···'···' ....................... 1 .................................... .. 

·, 
\ ...... 

·· .... ....... · 

./ 

............. .... · 

_____ .. ................ , ................................................ ----1------• ................ 1 ............................................................. 1 ....... ---

.................................. ...................... J .................................. ___ _, .......................... ............... . ................ 1 .............................................. --1-------

0 0 -p-,,,,-c:::::,,,c::~t:::/r --- . --t::::··-------·---· -· . --- ----· ...................... 1.----

, .. ., ; ::: I I) 
----l•-----............... , .................................. --............ ---................................ 1 ............................................. _ ......... ___ ................... - - --------+---

........................................................... 11 ............................................................ ,,..................... 1............................................................ ......... , .................................. ....... 4 _____ ......... I ............. ........................ .. 

0 ,00 0 ,05 0 I 10 0 15 0 , 20 0 ,25 0 , 30 0 35 0 ,40 
1111111111111,11111,111,1111111111111111111111111111111111111111111111111m1111111111111111n111111111,11111111mw111tt11111111"""'"'" .. 'lllllll .. fJIIIIIIIIIIIIIIINllll!Nlllltt!llllllllllllllltlllllttltllllllllllllllllllllllllll!llllllllltlt""'''''''''''"'""'ll"'tlllll\lllllltllllllll ,,,,,,,,,1111111fft1111111t11ttltlllllllllllllll••···••1t1111111111111111•11111111111111111,1111111111111•11111111111ttttt1HNllllltlllllttlllllllllllllltlllllllllltllltllllltlllt1llllllllftllllllllllillllllllltllllllllllllllllltll ntllllf• •···••111,,,,, 11111111•1111111 

( )* _ (~ V) ( V si nG) T.._..-~e_!. = Lf. 15 ( SO 5 in 
1 r ., = If. 9~ FPS Time (Sec) ,JJ6 S £ C, 

LJ v - ( v . 8 \ A , ('I 0. o s s I 11 1:J .. b 1 ~ l YI I) ct_v,. c,.._ 
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FIGURE C-8. GRAPH OF VEHICLE CHANGE IN SPEED, TEST 14- 2 
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FIGURE C-9. GRAPH OF LONGITUDINAL OCCUPANT DISPLACEMENT, TEST I4-2 
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FIGURE C-10. GRAPH OF LATERAL DECELERATION, TEST 14-2 
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FIGURE C-11. GRAPH OF bATERAL OCCUPANT IMPACT VELOCITY, TEST 14-2 
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FIGURE C-12 . GRAPH OF LATERAL OCCUPANT DISPLACEMENT, TEST 14-2 



\I\ \I \\\~I \~i~~i \\~\\i[\i\~l\\l~i1(l\~[\ \II\\\ I\\ \I 
3 1723 02116 8760 

I 

I 




