
FULL-SCALE VEHICLE CRASH TESTS 
ON THE 

IOWA BOX-ALUMINUM BRIDGE RAIL 

.-a 

+----

Mr. Ronald K. Faller, E.LT. 
Graduate Research Engineer 

Mr. John A. Magdaleno, E.I.T. Dr. Edward R. Post, P.E. 
Graduate Research Engineer Professor of Civil Engineering 

submitted to 

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

Iowa Depart.ment of Transportation 

in cooperation with the 

FederallTighway Admlnj~trat.ion - Iowa Division 

TRANSPORTATION RESEARCH REPORT TRP- 03- 013- 88 

Civil Engineering Department 
W348 Nebraska Hall 

University of Nebraska- Lincoln 
Lincoln, Nebraska 

68588-0531 

November) 1988 



DISCLAIMER STATEMENT 

The contents of this report reflect the views o f the authors 
who are responsible f or 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 o f 
Transportation or the Federal Highway Administrati on . Thi s 
report does not constitute a standard , specifi cation, or 
regulation. 



TABLE OF CONTENTS 

Abstract 

List of Tables 

List of Figures 

Acknowledgments 

1. INTRODUCTION 

1.1 Problem Statement 

1.2 Objective of Study 

2 . TEST CONDITIONS 

2 . 1. Test Facility 

2.1.1. Test Site 

2.1.2. Vehicle Tow System 

2.1.3. Vehicle Guidance System 

2.2. Bridge Rail Design Details 

2.3. Test Vehicles. 

2.4. Data Acquisition Systems 

2.4.1. Acceleromete rs . 

2 . 4.2. High-Speed Photography 

2.4.3. Speed Trap Swi tches 

2.5. Test Parameters 

3. PERFORMANCE EVALUATION CRITERIA 

4 . TEST RESULTS 

4.1. Test No. 11-1 

4.2. Test No. 11-2 

5. CONCLUSIONS 

6. REFERENCES 

i 

Page 

iii 

iv 

v 

vi 

1 

1 

1 

2 

2 

2 

2 

2 

6 

10 

14 

14 

14 

18 

20 

21 

24 

24 

29 

36 

41 



7. APPENDICES 42 

Appendix A Concret.e Compressive St.rengths and 

Design Mix 43 

Appendix B Occupant Risk Determination 46 

Appendix C Accelerometer Data Analysis 48 

Appendix 0 Relevant rOOT Correspondence 61 

ii 



ABSTRACT 

Two full-scale vehicle crash tests were conducted on the 

Iowa Box-Aluminum Bridge Rail. Test 11-1 was conducted with an 

1800 lb. vehicle at 15 deg. and 60 mph. Test 11-2 was conducted 

with a 4310 lb. vehicle at 25 deg. and 60 mph. The Iowa Box­

Aluminum Bridge Rail contained two rail splices. Each splice was 

26 ft.-6 in. from the rail post on each end. The point of impact 

for Test 11-1 was directly at a splice. The point of impact for 

Test 11-2 was directly at the midpoint of the span that contained 

the second splice. The tests were evaluated according to the 

safety criteria in NCHRP 230. The safety performance of the Iowa 

Box-Aluminum Bridge Rail was determined to be unsatisfactory. 
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1_ INTRODUCTION 

1.1. Problem Statement 

The Iowa Department of Transportation and the Federal 

Highway Administration are concerned with the safety and 

st ructural adequacy of highway and bridge railing systems 

installed on Iowa highways. The performance of certain Iowa 

railing systems, now in service. cannot be predicted nor 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 Box-Aluminum Bridge Rail was constructed for 

approximately 10 years between 1965 and 1975. The Box-Aluminum 

Rail came as a result from changes in the 1964 Interim Bridge 

Specifications to AASHTO and is an extruded, ductile aluminum 

rail system mounted on top of a concrete curb. 

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. 

1 .2. Objective af Study 

The objective of the research study was to evaluate the 

safety performances o f the Iowa Box-Aluminum Bridge Rail by 

conducting full-scale vehicle crash tests in accordance with the 

recommended procedures in NCHRP 230 ( 1 ). 

1 



2.1. ~ Facility 

2.1 . 1. ~ ~ 

2. TEST CONDITIONS 

The test site facility was located at Lincoln Air-Park on 

the NW end of the west apron of the Lincoln Municipal Airport. 

The test facility, shown in Figure 1 , is approximately 5 mi. NW 

of the University o f Nebraska-Lincoln. 

An 8 ft. high chain - linked sec urity fence surrounds the test 

site facility to ensure that no vandalism would occur to the test 

articles or test vehicles which could possibly disrupt the 

results of the tests. 

2.1.2. Vehicle T2R System 

A reverse cable tow, with a 1:2 mechanical advantage, was 

used to propel the test vehicle. The distance traveled and 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. The test 

vehicle was released from the tow cable approximately 10 ft . for 

Test 11-1 and 18 ft. for Test 11-2 before impact with the Box ­

Aluminum Bridge Rail. Photographs of the tow vehicle and the 

attached fifth-wheel are shown in Figure 3. The fifth-wheel, 

built by the Nucleus Corporation, was used for accurately towing 

the test vehicle at the required target speed with the aid of a 

digital speedometer in the tow vehicle. 

2.1 . 3. Vehicle Guidance System 

A vehicle guidance system, developed by Hinch (~), was used 

to steer the test vehicle. Photographs of the guidance system 

2 
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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 (at the distances 

stated above) before impact with the Box-Aluminum Bridge Rail. 

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

it was supported laterally and vertically every 100 ft. by hinged 

stanchions. The hinged stanchions stood upright while holding up 

the guide cable. When the vehicle passed, the guide-flag struck 

each stanchion and knocked it to the ground. The vehicle 

guidance system was approximately 1,5 00 ft. in length 

2.2. Brjdge ~ Design Details 

An overall view of the Iowa Box-Aluminum Bridge Rail is 

shown in the photographs in Figure 4, and detailed drawings are 

shown in Figures 5 and 6. Excluding the concrete end walls, the 

box-aluminum bridge rail was approximately 86 ft. in length. The 

bridge rail consisted of four major components: the concrete 

curb , aluminum posts, aluminum rail members, and concrete end 

walls. 

The 12-in. concrete curb was constructed with a Nebraska 

Class 47-B-PHE mix design. The concrete compressive strength 

the time of the crash tests averaged about 6,000 psi 

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

at 

(see 

The 

curb was anchored 8-in. into the existing airport concrete apron 

by 2 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. 
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FIGURE 4 . PHOTOGRAPHS OF VEHICLE GUIDANCE SYSTEM 
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The eleven 27 1/4-in. aluminum posts were spaced 8 ft.-2 in. 

o n centers. Stainless steel bolts were used in the post anchor 

base assembly. The lower and upper box rail members supported by 

the posts were located at heights of 13-in. and 25-in. above the 

top of the curb, respectively. Each rail member contained two 

splices located 26 ft.-6 in. from the post on each end. 

2.3. ~ Vehicles 

Two different test vehicles were used to evaluate the Iowa 

Box-Aluminum Bridge Rail. 

For Test I1-1 , a 1982 Honda Civic weighing approximately 

1,800 lbs. was used as the crash test vehicle. For Test 11-2, a 

1982 Cadillac Coupe Deville weighing approximately 4,310 lbs. 

was used as the crash test vehicle. Photographs of the two test 

vehicles are shown in Figure 7. Dimensions of the test vehicles 

are shown in Figures 8 and 9. 

The front wheels of both vehicles were aligned to a toe-in 

value of zero-zero so that the vehicle would track properly along 

the guide cable. 

Two a-in. square, black and white checkered targets were 

placed on the centerline of the roof of each test vehicle. For 

Test 11-1, the front target was placed over the center of mass, 

and the rear target was 4 ft. to the rear. For Test 11-2, the 

front target was positioned over the center of mass, and the rear 

target was 5 ft. to the rear. The targets were used in the 

analysis of the high-speed film. In addition to roof targets, 

side targets were also placed at known distances to aid in the 

10 



FIGURE 7. PHOTOGRAPHS OF TEST VEHICLES 
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evaluation process. 

Two 5B flash-bulbs were mounted on the front hood of both 

test vehicles to record the time of i mpact with the bridge rail 

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 . ~ Ac quisition Sys tems 

2 . 4 . 1 . Accelero mete rs 

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. The accelerometers were rig i dly attached to a metal 

block mounted at the center-of-mass of the test vehicle. 

Photographs of the accelerometers mounted in the test vehicle are 

shown in Figure 10. The signals f r om the accelerometers were 

received and conditioned by an onboard vehicle Metraplex Unit. 

The multiplexed signal was then sent through a single coaxial 

cable to the Honeywell (101) Analog Tape Recorder in the central 

control van. A flowchart of the accelerometer data acquisition 

system is shown in Figure 11, and photographs of the system 

located in the test vehicle a nd the cent r ally controlled step van 

are shown in Figures 10 and 12. The latest state-of-the-art 

computer software, "Computerscope and nsp," was used to analyze 

and plot the accelerometer data on a Cyclone 3S6/AT, which uses a 

very high-speed data acquisition board. 

2 . 4 .2. High- Speed Photography 

Three high-speed 16 mm cameras we r e used to film the crash 

14 
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FIGURE 12 . DATA RECORDER AND 386/AT COMPUTER 
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tests. The cameras ran 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 53 ft. and 61 ft . above the 

concrete apron for Test 11-1 and Test 11-2, respectively. The 

perpendicular camera was a Photec IV with a 55 mm lens. It was 

placed 165 ft. from the vehicle point of impact. The parallel 

upstream camera was also a Photec IV with an 80 mm lens. It was 

placed upstream and offset 3 ft. from a line parallel to the 

bridge rail. 

Figure 13. 

A schematic of the camera layouts are shown in 

A 20 ft. wide by 115 ft. long grid layout was painted on the 

conc rete slab parallel and perpendicular to the barrier. The 

white-colored grid was incremented with 5 ft. divisions in both 

directions to give a very 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 corr ection factors were also taken into 

consideration in the analysis of the high-speed film. 

2.4.3. Speed ~ Switches 

Eight tape pressure switches spaced at 5 ft. intervals were 

used to determine the speed of the vehicle befor e and after 

impact. Each tape s wi tch fired a blue 5B flash-bulb located near 

each switch on the concrete slab as the left front tire of the 

test vehicle passed over it. The average speed of the test 

vehicle between the tape s witches was determined by knowing the 

distance between pressure switches, the calibrated camera speed, 

18 
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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. 

2.5. ~ Parameters 

Two full-scale vehicle crash tests were conducted on Iowa's 

Box-Aluminum Bridge Rail as shown in Figures 5 and 6. 

Test 11-1 was conducted at a target impact speed of 60 mph 

with an impact angle of 15 degrees. A 1982 Honda Civic weighing 

1,800 lb. was used as the crash test vehicle. The location of 

impact was at the first rail splice 26 ft.-6 in. upstream from 

the centerline o f the first rail post. 

Test 11-2 was conducted at a target impact speed of 60 mph 

with an impact angle of 25 degrees. A 1982 Cadillac Coupe 

Deville weighing 4.310 lb. was used as the crash test vehicle. 

The location of impact was at the center of the span containing 

the second rail splice. The impact point was 

upstream from the centerline of the first rail post. 

20 

53 ft.-1 in. 



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 (Box-Aluminum Bridge 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 (~). 

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 presented. 

After each test, the vehicle damage was assessed by the 

traffic accident data scale (TAD) (~) and the vehicle damage 

index (VDII ( ll. 

Because test conditions are sometimes difficult to control, 

a composite tolerance limit is presented. It is called the 

impact severity (IS). For structural adequacy. 

for the actual impact severity to be greater 

it is preferable 

than the target 

value rather than being below it. The IS target values are shown 

in Table 1. Thus, for Test 11-1, the IS target values range from 

12 ft-kips to 16 ft-kips. For Test 11-2, the IS target values 

range from 88 ft-kips to 114 ft-kips. 
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Table 1 
Crash Tes t Conditions and NCHRP 230 

Safety Evaluation Criteria 

Taq~et lm~act Taq~ec ImEi.lct 
Test Vehicle Speed Angle Severity Evaluation 

ppurtenance Designa tion Type (mph) ( deg) (ft-kips) I mpact Point Cri teria· 

l.ongitudinal 
Barrier 

Box-Aluminum For pos t and beam systems , vehicle 
Bridge Rail iSa 

14- 2, +2 
should contact railing splice. 

Test No . ll-1 12 1800 lb 60 15 A,D,E,F,H,I 

Box-Aluminum Fo r post and beam sys tems, midway 
Bddl!!,t: Rail i20a 

97-9.+17 between posts in span containing 
Test No. ll-2 10 4500 lb 60 25 railing s plice. A,D,E,H,I 

*Applicable Evaluation Criteria 
1. Structural Adeq uacy 

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

'" N 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. 

2. Occupant Risk 
E. The vehicle 

acceptable. 
intrusion . 

sha l l remain upright during and after collision although moderate roll, pitching. and yawing are 
Integrity of the passenger compartment must be maintained with essentially no deformation or 

F. Impact velocity of front seat occupant against vehicle interior shall be less than: 30 fps (Longitudinal) and 
20 fps (Lateral). (Calculated at 24" forward and 12" lateral displacements). Vehicle highest 10 msec 
average decelerations subsequent to instant of hypothetical passenger impact should be less than: 15 g's 
«Longitudinal) and 15 g's (Lateral). 

J. Vehicle Trajectory 
H. After collision, the vehicle trajectory and final stopping position shall intrude a minimum distance. if at 

all , into adjacent traffic lanes. 

I. In tests where the vehicle is judged to be redirected into or 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. 



The formula used to calculate impact severity (IS) is given 

as follows! 

where m - vehicle test inertial mass (slugs) 

v - impact velocity (fps) 

e - impact angle (deg) 
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4 . TEST RESULTS 

4 . 1 . = lIO...- l..l.=.1. 

Test 11-1 was conducted with an 1,800 lb. Honda Civic under 

the impact conditions of 56.8 mph and 15 deg. A summary of the 

tests results is shown in Figure 14. 

Upon impact with the bridge rail, the right front wheel of 

the vehicle collapsed inward allowing the vehicle to begin a 

clockwise rolling motion toward the bridge rail. The vehicle 

remained in contact with the bridge rail for approximately 13 ft. 

after initial impact. The car began to skid on its right side 

while traveling in a direction essentially parallel to the bridge 

rail. After the vehicle had traveled past the end of the bridge 

rail, it began a counterclockwise yaw motion. This yaw motion 

combined with the rolling motion allowed the vehicle to skid on 

its right side on the concrete airport apron and begin to roll. 

The vehicle came to rest 112 ft. from initial point of impact 

after making two complete rollovers. 

Photographs of the vehicle damage are shown in Figure 15. 

As evident, the vehicle damage was extensive. The TAD and VDr 

damage classifications are shown in Figure 14. Photographs of 

the minimal damage to the bridge rail are shown in Figure 16. 

From the overhead high-speed camera, the dynamic deflection of 

the upper rail me mber was determined to be approximately 

2 1/4-in. No permanent set had occurred in the lower and upper 

rail members. 

Before vehicle impact with the b r idge rail, the coaxial 

2 4 



r so 

Test No. 
Date 
Installation 

Drawing No. 
Length (ft) 

Beam Rail 
Member 
Length 

so 
2 

Top Rail (ft) 
Bottom Rail (ft) 

Maximum Deflections 
Permanent 

Top Rail (in) .• 
Bottom Rail (in), 

Dynamic 
Top Rail (in) . . 
Bottom Rail (in). 

Post 
Material 
Dimensions and Weight 
Spacing (ft) 

Vehicle 
Model • 
Weight 

Test Inertia (lb) 
Dummy (lb) 
Gross Static (lb) 

15 at;=;::;... 
3 4 

II -I 
8/2/88 

w w w 
5 6 7 

PLAN VIEW 

Iowa BRF- OOOS(2)-38-00 
100 

Box-Aluminum 

86.83 
86.25 

None 
None 

2.2 
1.0 (est.) 

Aluminum 
W7x7.1 
8.17 

1982 Honda Civic 

1800 
165 

1965 

so 
8 

so 
9 

Vehicle Speed 
Impact (mph) 
Exit (mph) 

Vehicle Angle 

so 
1 0 

w ; 
0-

-;, 
1 1 

TYPICAL SECTION 

56.8 
47.9 

Impact (deg). 15 
Exit (deg). . 4.2 

Vehicle Snagging None 
Vehicle Stability Rollover 
Occupant Impact Velocity (before rollover) 

Longitudinal (fps). . . . . . NA 
Lateral (£ps) . . . . . . . . 8.9 

Occupant Ridedown Accelerations 
Longitudinal (g's). 
Lateral (g's) 

NA 
3.9 

s 

Vehicle Damage 
TAD ••••• 
VDI ...•. 

Extensive 
I-RFQ-5.I-LFQ-3.I-R&T-3 
01FYA03 

Vehicle Rebound Distance (ft) 
Bridge Rail Damage . . . . . 

25 
Minimal 

FIGURE 14. TEST 11-1 SUMMARY AND SEQUENTIAL PHOTOS 
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FIGURE 15. PHOTOGRAPHS OF VEHICLE DAMAGE, TEST 11-1 
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FIGURE 16. PHOTOGRAPHS OF BOX-ALUMINUM BRIDGE RAIL DAMAGE, TEST 11-1 
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cable over which the multiplexed accelerometer signals are sent 

to the Honeywell Magnetic Recorder in the central control van had 

caught on one of the cable guidance stanchions and broke. The 

occupant risk values shown in Figure 14 were therefore determined 

from an analyses of the high-speed film before the vehicle had 

started to yaw and rollover. The calculations of the lateral 

occupant impact velocity and the late ral occupant ridedown 

deceleration are presented in Appendix B. 
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4 _ 2 _ Tf>.a.:t. I!a... Ll=.2. 

Test 11-2 was conducted with a 4,310 lb. Cadillac Coupe 

Deville under the impact conditions of 62.2 mph and 25 degrees. 

A summary of the test results is shown in Figure 17. 

Upon impact with the bridge rail, the right-front corner of 

the vehicle became wedged between the concrete curb and the lower 

aluminum bridge rail. The vehicle continued to travel forward 

until the right front corner and bumper of the vehicle snagged on 

post No. 8. That, plus the force from the horizontal rail, 

caused the post with the attached base post assembly to break 

away from the concrete curb. When the vehicle began to travel 

past post No.8, the front section of the vehicle (including the 

engine portion) buckled to the right. At that stage, the 

majority of the right-front side had been crunched inward due to 

the severe snagging. The vehicle continued to travel down the 

bridge rail to the next rail post (No.9). At post No.9, the 

front bumper finally detached from the car due to snagging. The 

vehicle then was redirected off the bridge rail after being in 

contact for approximately 14 ft. 

A review of the damage to the car indicates that there was 

considerable contact of the vehicle ' s undercarriage against the 

12" high concrete curb and considerable damage resulted from this 

contact. 

Photographs of the vehicle damage are shown in Figure 18. 

As evident, the vehicle damage due to snagging was extensive 

while considerable undercarriage damage occurred due to contact 
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IMPACT 

w 
1 

Test No .. . 
Date ... . 
Installation 

Drawing No. 
Length (ft) 

Beam Rail 
Member 
Length 

Top Rail (ft) 
Bottom Rail . 

.. 
2 

Maximum Deflections 
Permanent 
Top Rail (in) . . 

Bottom Rail (in) 
Dynamic 

Top Rail (in) . . 
Bottom Rail (in) 

Post 
Material 
Dimensions and Weight 
Spacing (ft) 

Vehicle 
Model . 
Weight 

Test Inertia (lb) 
Dummy (lb) 
Gross Static (lb) 

.. 
3 

0.036 S 0.120 S 

.. 
4 

w 
2 St>. 
w 

5 6 7 

PLAN VIEW 
Il-2 
8/3/88 

Iowa BRF-OOOS(2)-38-00 
100 

Box-Aluminum 

86.83 
86.25 

Lateral - 2.31 
Vertical - 2.69 
Lateral - 4.0 
Vertical - 3.63 

7.5 
8.0 (est.) 

Aluminum 
W7 x 7.1 
8.17 

1982 Cadillac Coupe Deville 

4310 
165 

4475 

w 
8 

0.152 

.. w 
9 10 

Vehicle Speed 
Impact (mph) 
Exit (mph) 

Vehicle Angle 
Impact (deg) 
Exit (deg) 

Vehicle Snagging 

5 

w l' 
1 1 

• 

Vehicle Stability 
Occupant Impact Velocity 

Longitudinal (fps) 
Lateral (fps) . . . . . 

Occupant Ridedown Accelerations 
Longitudinal (g's) 
Lateral (g's) 

Vehicle Damage 
TAD •.... 
VDI ....• 

Vehicle Rebound Distance (ft) 
Bridge Rail Damage . . . . . 

FIGURE 17. TEST 11-2 SUMMARY AND SEQUENTIAL PHOTOS 

0.246 S 

TYPICAL SECTION 

62.2 
34.9 

25 
8.6 

Severe 
Satisfactory 

41.4 
15.6 

8.1 
16.2 
Extensive 
1-FR-7.1-RFQ-7 
OlFFAW2 

9 
Extensive 



FIGURE 18. PHOTOGRAPHS OF VEHICLE DAMAGE, TEST 11-2 
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FIGURE 19. PHOTOGRAPHS OF BOX-ALUMINUM BRIDGE RAIL DAMAGE, TEST 11-2 
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with the concrete curb. The TAD and VD1 damage classifications 

are shown in Figure 17. Photographs of the extensive damage to 

the bridge rail are shown in Figure 19. 

Graphs of 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. 

After the test, the permanent set was measured and is shown 

in Figure 20. The maximum lateral dynamic deflection was 

7 1/2-in. as determined from the o verhead high-speed camera. 

After Test 11-2, it was observed that the placement of the 

reinforcement steel was improperly placed. The bars misplaced 

were the top two longitudinal bars, the horizontal bent No. 6 

bar, and the vertical dowels which were bent off too short. 

Thus, it created 3 1/2-in. of concrete cover. A sketch of the 

misplaced curb reinforcement steel is shown in Figure 21. 

The Civil Engineering Department at the University of 

Nebraska and the 1DOT felt that this apparent misplacement of the 

steel did not effect the testing, see Appendix D. 

1>1 
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5. CONCLUSIONS 

Two full-scale crash tests were conducted to evaluate the 

safety performance of the Iowa Box-Aluminum Bridge Rail. Test 

11-1 was conducted with the impact location at a rail splice. 

Test 11-2 wa s conducted with the impact location at the center of 

the span which contained the second rail splice. The results of 

the two tests are summarized in Table 2. 

A safety evaluation summary for the two tests is given in 

Table 3. The tests were evaluated in accordance with the 

c riteria in NCHRP 230 (1). 

The analysis of the two crash tests revealed the following: 

~ ~~, 1,800 lb. vehicle 

1. In Test 11-1, the bridge rail redirected the vehicle at 

the allowable angle, but it was not a smooth result. 

The excessive rolling motion along with the yaw motion 

caused the vehicle to roll twice. 

2. The vehicle did not rema in upright at all times. The 

not integrity of the passenger compartment was 

maintained. There was deformation and intrusion. The 

unrestrained occupant was observed to be partially 

hanging outside of the passenger window during vehicle 

rollover. Many deep cuts were observed on the dummy. 
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Table 2 
SUMMARY OF TEST RESULTS 

Test No. 
'rest Item 

Il-1 Il-2 

r:ehlc1e \/e 19ht ( lb ) 1800(1750-1850)2 4310 (4300-4700) 

Impact 56.8 (60)2 62.2 ( 60 ) l 
r:ehlcle Speed (mph) 

Exit 47.9 34.9 

Impact 15 (15) 2 25 (2 5)2 
~ehlcle Angle (deg) 

Exit 4.2 8.6 

~ctual Impact Severity 13.0 (12-16)1 99.9 (88-114 )1 
(ft-k Ips) 

vehicle Rebound Distance (ft) 25 9 

TAD 1-RFQ-5,1-LFQ-3, 1-FR-7,1-RFQ-7 
1-R&T-3 

vehicle Damage 
vor 01FYA03 01FFAW2 

Longitudinal NA (30)3 41. 4 ( 30 ) 3 
Occupant Impact 

8.9 4 (20) 3 (20) 3 Velocity (fps) Lateral 15.6 

Vehicle Highest 
0.010 sec 

(15)3 (15) 3 Average Decele- Longitudinal NA 8.1 
ration ( 9 IS) 

3.9 4 ( 15 ) 3 (15) 3 (Occupant Rlde- Lateral 16.2 
~own Decelera-
tion) 

Old Snagging Occur? No Yes 

Old Car Rollover Occur? Yes (Twice) No 

1 2 allowable range of values 
target values 

3 maximum allowable values 
4 values determined from high-speed film analysis without 

consideration of rol11ng motion 
NA - Not Available: Occupant unable to travel 24 inches in 

longitudinal direction before rolling of vehicle occurred. 
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Table 3 
SAFETY EVALUATION SUHHARY 

Evaluati on Eval uati on Test 
Fa c t ors Criteria 1 1 

structural A. Test arti c le shall smoothly redirect 
Adeq uacy vehicle; the vehicle shall not penetrate 

or g o over the installation although con - U 
tr o lled lateral deflection of the teBt 
vehicle i s ac ceptable. 

D. Detached elements, fragments, or other 
debris from the test arti c le shall not 
penetrate or show potential for penetra - S 
ting the passenger compartment or present 
undue hazard to other traffic. 

Occupant E. The vehicle shall remain upright during 
Risk and after cOllisi on although moderate r o ll, 

pitching, and yawing are acceptable. Inte - U 
grlty of the passenger compartment must be 
maintained with essentially no deformati on 
or intr usi on. 

F. Impact velocity of front seat occupant 
against vehicle interior shall be less thar 
30 fps (Longitudinal) and 20 fps (Lateral) . 
(Calculated at 24" forward and 12" lateral 
displacements) . Vehicle highest 10 msec S 
average decelerations subsequent to instant 
of hypothetical passenger impact sh ould be 
less than: 15 g's (Longitudinal ) and 15 g's 
(Lateral) . 

Vehi c le H . After c oll i sion, the vehicle trajecto ry 
Trajectory and final stopping positi on shall intrude U 

minimum distance, if at all, int o adjacent 
traff ic lanes . 

1. In tests where the vehicle Is judged t o 
be redirected into or stopped while in ad-
jacent traff Ic lanes, vehi c le speed change 
during test article c o llision should be 
less than 15 mph and the exit angle fr om S 
the test article should be less than 60 
percent of the test impact angle, both 
measured at time of vehicle loss of con -
tact with test device. 

S - Satisfactory U - Unsatisfactory 
NA - Not Applicable 

NR - Not Required 
H Marginal 
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3. The vehicle trajectory and final stopping distance, 

intruded into the adjacent lane. This would pose a 

hazard to oncoming traffic. 

4. The actual impact severity was within the recommended 

limits. The test was taken to be valid. 

Iaat ~ l~' 4,310 lb. vehicle 

1. The vehicle was not smoothly redirected. Severe 

vehicle snagging occurred while the right front portion 

of the vehicle was in contact with the two box-aluminum 

rails and also with the aluminum posts. 

2. Post No.8 and the attached rail broke away from the 

concrete curb. 

3. The integrity of the passenger compartment was not 

maintained. There was deformation and intrusion. The 

dummy received a serious injury when its right leg was 

detached from the torso. 

4. For Test 11-2, the accelerometer data used for occupant 

risk is not required, but it is presented for added 

information purposes. It is noted that the 

longitudinal impact velocity and the lateral occupant 

ridedown deceleration do not meet the suggested 

criteria. 

5. The actual impact severity was within the recommended 
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limits. The test was taken to be valid. 

Based upon the above listed items, the results of the two 

tests are not acceptable according to the NCHRP 230 guidelines 

ell. 
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APPENDIX A. 

CONCRETE COMPRESSIVE STRENGTHS 

AND DESIGN MIX 
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Fjne Agg 

1477# 

w/c = 0.41 

Fine Agg = 
Coarse Agg = 
Cemen t = 
Water = 
Air = 

MIX DESIGN FOR IOWA PROJECT 

PROTECTION BARRIERS 

Class "47 - B- PHE" Mix 

Coar6e Agg Cement 

1477# 705# 

1477 lb. = 9.0343 ft3 

1477 lb. = 8.9320 ft3 

705 lb. = 3.5867 ft3 

289 lb. = 4.6314 ft3 

3.0% = 0.8100 ft3 

26.99 44 ft3 

Fine Agg . Sp. Grav. = 2.62 

Coarse Agg. Sp. Grav. = 2.65 

Cement Sp. Grav. = 3.15 

Water 

289# 

FIGURE A- 2. CONCRETE DESIGN MIX 
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APPENDIX B. 

OCCUPANT RISK DETERMINATION 
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APPENDIX C. 

ACCELEROMETER DATA ANALYSIS 

C-l. Graph o f Longitudinal Deceleration , Test Il-2 49 

C-2. Graph of Longitudinal Deceleration, Test Il-2 50 

C-3. Graph of Vehicle Change in Speed, Test Il-2 51 

C-4. Graph of Vehicle Change in Speed, Test 11-2 52 

C-5. Graph of Longitudinal Occupant Displacement, Test Il-2 53 

C-6. Graph of Longitudinal Occupant Displacement , Test Il-2 54 

C-7. Graph of Lateral Deceleration , Test Il-2 55 

C-8. Graph of Lateral Deceleration, Test Il-2 56 

C-9. Graph of Lateral Occupant Impact Velocity, Test Il-2 57 

C-10 . Graph of Lateral Occupant Impact Velocity , Test Il-2 58 

C-11. Graph of Lateral Occupant Displacement, Test 11-2 59 

C-12. Graph of Lateral Occupant Displacement , Test Il-2 60 
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FIGURE C-1. GRAPH OF LONGITUDINAL DECELERATION , TEST ll-2 
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FIGURE C-2 . GRAPH OF LONGITUDI NAL DECELERATION, TEST 11-2 



~ • p. 

"' ~ .., 
• • 

~ p. 

'"' 
~ 

" H 

• 
'" " • .c 
u 

• H 
U 
~ 
.c • :> 

... ,t ,(I 

.., I.' ,Q 

'II.' , • .' 

-:, • I , ,~, 

'-.'EH1:' L.E ,- HAIH::'E ] t·J SPEEr. 

-- - - - -- -.~----

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

---1--~7 ~-
/" 

~4~3~-7~+-----~--~~/ 

--lI~---- ----- -----------
---1-----1--- --- -----

1'-' ,(I +--- I 
~--

/ 

,. , , (0 --- --- --

----- -
- ---

0) , 'J I.' 'I , " ~: ".1(' ':',lS " , ~. ( , ,) .. : ,0 " 

"_" -r_ - ---

, ', . 1.1," 

• Normalized Occupant Impa c t Velocity (.A V) = (AV) (V s in & ) ta rget 
(V sin & ) actua l 

(43 . '1 fps)~8§-=.J~~_ 
(91.4 fps) 

FICURE C-J . CRAPII OF VEHICLE CHA NGE IN SPEED, TEST 11-2 

:r; /ZLO/ 

Time (Sec) 
1.1. 7fps 



~ 

• 0-
r. 
~ 

~ • • 
W 0-

N 
~ 

" H 

• 
"" " • .c 
'-' 

• H 
U 
." .c • > 

~: 0) , (0 

:::; .:,. , (0 

J. I) • (. 

1", ,0) 

VEHICLE C HAN GE I~l SPEED .----"= ----_. __ ._-_ .. _._._ .. __ • __ ._._ .. 
r--···--·~---~··-···· --r---­

42.S 

- -'- --1----_. --\. .. __ . --.-. 

--\.--- ---t-·-,...::rr '~~=,..c;:: 
... / 

,/ 

- .---~--

+--._ ... ----_...-

---- 7 ~-.--

+-_._----,1-._--- .---.- 1----.-. 
,'/ 

/ 
f./ 

-¥------ ---- .-........ - .... ----.. -1-----.- ........ --

-+_ .. _._--_._-- _. 

j to , (, - ___ ._. __ ------ .~.---,- .. ---,-. ----,,-""--0.---- --.---,---. - --_ ... ,_ .. '-"'- --'--'-'-' 
1----- ...... - ... -..... . .. -.-.- -+-----........ --... - ....... -.---.-. --

" . ... (, ,:!,o)~ " lU .) J.S (1,2') ,j,2~: I).~:(, "' ~;<:" " , 't" ".~t !: 
:~--~~--~~~~~~---. 

Normalized Occupant Impact Velocity (AV)- = (42.5 frs) (88 . 2 fps) 
(91.4 fps) 

'" 41.0fps 

FIGURE C-4. GRAPH OF VEHICLE CHANGE LN SPEED , TEST 11-2 

Time (Sec) 



.,....._ 
c:: 

H ......., 

4-' 
c:: 
(IJ 

13 
(IJ 
(.) 

I'd 
.-4 
Q. 
Ill 
.,-1 
0 

4-' 

U"l c:: 
I'd w 0.. 
::I 
(.) 
(.) 

0 

.-4 
tU 
c 

·.4 
"0 
::I 
w ..... 
011 
c:: 
0 

...:I 

IIIIIIOIIt!MOOiiiMMI1"!!'1to.IIMtOWiol0!!1!11°1+11tltll!tOtiM•IIiliiiiii•IIIII>I •• I.IIIMIIIIIIItl ... llll.!ltltii>IIIUII .. MMIM!ItttMI•IW!III>II!" ' '""'''"'"' "IIUijlttiUMitiiiiiMI"IIII•Iti .. IIIIMIIIIIIII!ti.IUUIIIIIIIMQIII!f!IIMI!IIIJMI"IIflflloiiii"IIOIII!tllmUIIItii!MI•Itl1114111111+1tltlllllltlfiJII!tltl!ll.li .. IIIIIUII1flltlloiMitltii!IIIIMitltii.IUMI-IItllllfOOI IIOilt lfiii .. Otflllllllllfllltllllnf!IOittill•lhollllll4111tlllliol•llo4>1111•!110M,.IItllt! ... ;lf~!b,~.l ... ,.,,lltlfl!f:IIIIMII.IIIItiOII•Ifl • 

... It II 1 II 

1., f"t 1'1 1 II 

I llll I • . • 

I,, , .. IIF'I"'III 'I I'• J :.:;pI !'1• - l~: 111":"1 1 I 

---

' ... - ...... - ... ·- _,., •.•... -· ............... _,.,_ 1-.. .. ...... - .......... -- -· ........ ,._ ..... _, ___ - - ...... . 

t---=2=--~ ... =.0,.___-l------l---- -.,..,.'' "'"'~· 
.....,.. ..... 

~"' 
I'' I , .,..r' 

I' , .. o 

,-~······· 
.;·' ........ 

('t I u ,,., - ...................... ,,,, ; ' ;:•;• ·~ 4 
.. , : .::· ,., 1 •· I -.... -..................... ~ ...... --. _ .. -· ........ .. ' ' - .... . ...... ' .. ·--

·- ·------- .... ··-···"'""-'"'" '" ......... ,,, I · 

,.• 
................ 

1, 1 I II II II ' It 1.. II I I II I I I o: ( I t ... • II 

,. 
,_, ,4 

' .. 

II 

... 

II I '-Ill 

.~ , .. o I o I 

······ , .... .... .. 

II I 'I' 
!o!I!>II• ..... MO•O•I•UhiMMIIMM .... ojOOOOMIOIM•IO•Iol•OOIIIM-••o-o.lolo •loiOieO•O ... !MIII!IIIIItloi ... II!IIIOO,.,. .... .;..,MWI-ol•,.loloi•OOI•IWIJIIOUIOJ!Mioo .. JIIIOIIoltlolloltOOOolllo!l,. ... •loltlot•IIII~•IUOII ..... oi ....... O•Ioi+••" IMOI! ' !oiHIII•Itll.lloi .. IIIIMMUWWio!tlil .... oiWIOIOtolflo ........ _IM-I:IMIIIol•lloOIIIOOO• >100'*""'1 loillll.,oooowo .. ,., .. ,,.,, .... ,,,,,,..,.,,OIIooto ,,..,, ,,,,., ,., ................. ,, .. ,, .. ,;1111•_+ ...... 10111-·0·t .. oooo f"'•IOOO .... toloo;ooo;o;oooM+-ftiiOO. •IO•I O•oOtl•l 

Time (Sec) 

FIGURE C-5. GRAPH OF LONGITUDINAL OCCUPANT DlSPLACEMENT, TEST ll-2 



;-... 

r:: 
H 

w 
r:: 
Q) 

a 
QJ 
u 
1'0 
rl 
0.. 
(/) 

•r-i 
A 
u 

(Jl 
r:: 
1'0 

A 0.. 
;:I 
0 
u 
0 

rl 
1'0 
r:: 

•.-i 
"0 
;:I 
w 
·.-4 
bO 
0 
0 
...l 

I ··• I) l, l I 1.,1 

.I) 

... I} 

" ..... - ................................ _, ................. ,,, ___ .......... , ,.,. , , .. u.l!~:~:··•·' ''''' 
, ... ........ . 

, .I · ,,r"'"''·'' 
............... .... 

,,,,.,.r' 

~ .. 0_ .... ........... ··· 
~~~~~---r----------~~--------~· 

I , _,- t• '" l" 

, , .. -· ...... , .. 
_,_ , .,..· 

·-ltllllii iiUIII Ide:::~ ; ~.::: •·:-~:.~.: •• :, ., "--

II I I, IIJ II l,,t ~;. II 
,., 

' ' ' I o_. II ,: II 

, .... ····· 
- -~ , ... , . 

,• ' 
, ...... ····· ······· 

..,_,,,_~--.......... _ .. , .. ·- -- ~·· ··' ' •' 
,, ....... ..~ 

_,,·-•' 
•'' ·· ········ 

, • • j .... . . . 

. I. " 'I •• 

,,. 
•' , ... . ·•' 

It , I f I, 

• ' ' ,. 

I>OIIf""l tlf>IOIUIOI!IIII il•l il ttlt IOtOitiiOIIII I " " l .. t•IM!Oho tii Oiiii .. UMIUI,.IIUiitiloiU~IdlloiiM.UI " l lfUU!tllfll!li!JIUII olool01 !UIII!I IIIUI.UIIIII IUO!tltiiiiOIII .. MIIIMifl III IUUI IUIIIolltMU! IIUIIIII .. Itlollllm lUI llti!IIIUUUII IOIMI UOUUit"l lotlfiJIIIIIIIOI IIt!I I'III'II IIIIII IUU.IIIMIH !it MIIM .. IIIliNIItiiOI .. "UUitU!IIIoiUIIII"MII"I"' " "UI•I<OI!OII !UIUI•! 111 .. 1-'l •llltll!'il Ut,IM"Iflll "'U!" !MM"" <1'"' .. •1.111"1!1111 ""'" "" " """" " ' UIIUI 'il '"' " fi>IMI" 1' ' '"''1"111 I!<IOI MII" 'I"•'• Ill"" I 

Time (Sec) 

FIGURE C-6. GRAPH OF LONGlTUOlNAL OCCUPANT DISPLACEMENT, TEST l-2 
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FICURE C-7 . GRAPH OF LATERAL DECELERATION, TEST 11-2 
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FIGURE C-8. GRAPH OF I ATE RAL DECELERATION, TEST 11-2 
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FI GURE C- 11 . GRAPH OF LATERAL OCCUPANT DISPLACEMENT, TEST Il-2 
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FIGURE C-12. GRAPH OF LATERAL OCCUPANT DISPLACEMENT, TEST 11-2 
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~t. Iowa Department of Transoortation 
~ c8='~)800Lincoln Way, Ames, Iowa 50010 515/2j9-1206 

CiliO 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: 

1800 
5400 (pickup) 

60 
60 

Impact Angle 
lQ~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, 

6~ cf·~~ 
William A. Lundqulst 
Bridge Engineer 




