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ABSTRACT 

Three full- scale vehicle crash tests were conducted on the 

I owa Retrofit Concrete Bar r ier Rail. Test 12-1 

with a 1,849 lb. vehicle at 20 deg. and 56.8 mph. 

was conducted 

Test 12-2 wa s 

conducted with a 5,386 lb . vehicle at 20 deg. and 62.3 mph. Tes t 

12-3 was conducted with an 1,849 lb . vehicle at 20 deg. and 62.5 

mph . 

The total length o f the installation wa s 10 0 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 cons truction joints were located 

35 f t. inward from bo th ends of the installation. 

The bride rail cons isted of th ree major components : the 

existing concrete curb, the rec tangula r ( retrofit) concrete wall ­

section. and the concrete endwalle. The overall height of the 

barrier was 32-in. above the roadway eurface. Th e 86 ft. long, 

r etrofit concrete barrie r rail was doweled into the existing 

concrete curb and setback 3-in . from the curb face. 

The location of the vehicle impacts were set at IS-in. 

both of the construction joints. 

from 

The tests were evaluated according to the safety criteria in 

NCHRP 230 and also in the AASHTO guide specifications. The 

safety performance of the Iowa Retrofit Concrete Barrier Rail was 

determined to be satisfactory. 
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1. INTRODUCTION 

1.1. Pro blem Statement 

The I owa Department o f Transportation and the Federal 

Highway Administration are concerned with the safety and 

structural adequacy of highway and bridge railing systems 

installed on Iowa highways. The perfo rmance 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 FedAral Highway Administration has 

directed that bridge r ailing systems be successfully crash tested 

before its use on Fede r al Aid Projects is approved. 

The Iowa Retrofit Concrete Barrier Rail is cu rrently 

constructed as a replacement bridge rail for bridges on the I owa 

Primary and Interstate Systems. Thus, full-scale vehicle crash 

testing was to be performed to evaluate the structural adequacy, 

occupant ri sk, and r edirectional characteristics . 

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

IDOT in the identification and evaluation of current procedures 

in whi ch to improve the safety of the roadway environment . 

1.2. Objective Q.f. Stndy 

The objective of the research study was to evaluate the 

safety performances o f the Iowa Retrofit Concrete Barrier Rail by 

conducting full-scale vehicle c r ash tests in accordance with the 

··Recommended Procedures f or the Safety Performance Evaluation of 

1 



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

Specifications for Bridge Railings, An Alternative to Bridge 

Railing Specifications," AASHTO (2J. 

2 



2. 1 . ~ Fac ili t y 

2 . 1 .1 . ~ ~ 

2. TEST CONDIT I ONS 

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 of Nebraska-Lincoln. 

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

site fa c ility 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. Ve h jc l e IQR Sys t e m 

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 s 12 - 1 and 12 -3 and 18 ft. for Test 12-2 before impact with 

the Retrofit Concrete Barrier 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 . Ve h ic l e Gu i dance Sy s t e m 

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

to steer the test vehicle. Photographs of the guidance system 

3 
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are shown in Figure 4, and a sketch of the guidance system :i8 

shown in Figure 2. ~he guide-flag, attached to the front left 

wheel and the guide cable, was sheared off (at the distaripe s 

stated above) before impact with the Retrofit Concrete Barri'er 

Rail . The 3/B- in. diameter guide cable was tensioned to 3,~OO 

lbs., and it was supporte~ 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 st r uck each stanchion and knocked it t o the ground. The 

vehicle guidance system was approximately 1,500 ft. in length, 

2.2 Retrofit Concrete Barrier D~6ign Details 

An overall view of the Iowa Retrofit Concrete Barrier Rail 

is shown in the photographs in Figure 4, and a detailed draw"ing 

is shown in Figure 5. 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 standa rd retrofit section. The bridge rail 

con s isted o f three major components: the existing concrete curb, 

the rectangu lar (retrofit) concrete wall-section. and Ithe 

concrete endwalls. The overall height of the barrier was 32-in. 

above the r oadway surface, and the barrier was setback 3-in . from 

the curb face. 

The existing concrete curb remained from the full-s cale 

vehicle crash tests perfo rmed on the Iowa Box-Aluminum Bridge 

Rail (.i). The 12 - in. high concrete curb was constructed with a 

Nebraska Class "47-B-PHE" design mix. The concrete compressive 

7 



FIGURE 4 . PH OTOGRAPHS OF VEHICLE GUIDANCE 
SYSTEM 
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strength at the time of the crash tests (fo r 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 ancho r ed 8-

in. into the existing airpo r t 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 lO-in . wide and 20 - in. 

high. The front face was located 3-in. back from the top-front 

edge of the existing concrete curb. This dimension may vary 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 endwalls were also constructed with the 

Nebraska concrete design mix and had the same concrete 

compressive strengths as the wall-section (see Appendix A). The 

10 



endwalls were rigidly anchored to the existing airport concrete 

apron by the existing, . two No. 5 vertical dowels spaced at l3-in. 

on centers over the length of the endwall. An epoxy grout 

material was used as the bonding agent for dowels. 

Photographs of the construction process are shown in Figures 

6 and 7. 

2.3. ~ Vehjcles 

Three different test vehicles were used to evaluate the Iowa 

Retrofit Concrete Barrier Rail . 

For Test I2-1 and I2-3, 1984 Honda Civics weighing 

approximately 1 , 849 lbs . were used as the crash test vehicles. 

For Test 12-2, a 1983 Chevrolet Scottsdale 3/4-ton pickup 

weighing approximately 5,386 lbs . was used as the crash test 

vehicle. Photographs of the test vehicles are shown in Figures 

8, 9, and 10. Dimensions of the test vehicles are shown in 

Figures 11 and 12. 

The front wheels of the vehicle were aligned to a toe-in 

value o f zero-zero so that the vehicle would track properly along 

the guide cable. 

Three 8-in. square, black and white checkered targets were 

placed on the centerline of the top of the test vehicles. The 

middle targets were placed over the center of mass. For Tests 

12-1 and 12-3, the front and rear targets were placed 3 ft. ahead 

and 4 ft. behind the center of mass, respectively. For Test 12-

2, the front and rear targets were placed 5 ft. ahead and 7 ft. 

behind the center of mass, respectively. The targets were used 

11 



FIGURE 6 . PHOTOGRAPHS OF CONSTRUCTION 
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FIGURE T. PHOTOGRAPHS OF CONSTRUCTION 
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FIGURE 8. PHOTOGRAPHS OF TEST VEHICLE , TEST 12-1 
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FIGURE 9. PH OTOGRAPHS OF TEST VEHICLE , TEST I 2- 2 
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FIGURE 10. PHOTOGRAPHS OF TEST VEHICLE, TEST 12 - 3 
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Date: 12/1/89 Test No.: I2-2 Vehicle 1.0. I: _______ _ 
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in the analysis of the high-speed film. In addition to the roof 

targets, side and rear targets were also placed at known 

distances to aid in the evaluation process. 

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

test vehicle to record the time of impact with the temporary 

concrete barrier 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 . Data Acquisit i on Systems 

2.4.1 . Accelerometer s 

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 rigidly attached to a metal 

block mounted at both the center-of-mass and at a known location 

in the left-rear corner of the test vehicle. Photographs of the 

accelerometers mounted in the test vehicle are shown in Figure 

13. The signals from 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 14, and photographs of the system located in the 

test vehicle and the centrally controlled step van are shown in 

Figures 13 and 15. The latest state-of-the - art computer 

s o ftware, "Computerscope and DSP, ,. was used to analyze and plot 

1 9 
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FIGURE 13. PHOTOGRAPHS OF THE ONBOARD 
DATA ACQUISITI ON SYS TEM 
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FIGURE 1S . DATA RECORDER AND 386/AT 
COMPUTER 
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the accele rometer data on a Cyclone 386/AT, which uses a very 

high-speed data acquisition board. 

2 .4 .2. High- Speed Photography 

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

tests. The cameras ope rated 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 64 ft. above the concrete 

apron. The parallel camera was a Photec IV with a 80 mm lens. 

It was placed 213 ft. upstream and offset 3 ft. from a line 

parallel to the barrier ra il for Tests 12-1 and 12-3. For Test 

12 -2, it was placed 183 ft. upstream 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. frorrJ the 

vehicle point o f impact. A schematic o f the camera locations i s 

shown in Figure 16. 

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

concrete slab surface parallel and perpendicular to the barr ier. 

The whi te - 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 . 

Th e camera divergence correction factors were also taken into 

consideration in the analysis of the high-speed film. 

2. 4.3. Speed ~ SHitches 

Eight tape pressure switches spaced at 5 ft. intervals were 

used to determine the speed of the vehicle before and after 

23 



li: ~ t]l ll Ill ~ 
! ;, 

I 

I. i 
' 'I l 
I! 
I 
! I 

I 

: ~ · u 
~ I 

I I 
I I I 

! I 

I 
I . 
I I ' ~il 

1 ~1· ~ 

.n ~~ J. I 

I . I . I 

~ 

'I ! I 
N 

I 
~ H I 

I u I 

li II 
II II 

I 

. . I ~ I I i 

I i I I i I .1 ,r: It I 

'II 
. . 

II II 
-

I :·I I . I ; ii . 
I I I 

I 



impact. Each tape switch fired a blue 5B flash-bulb located near 

each sw itch 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 switches was determined by knowi ng 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 wa s determined from 

elect ronic timing mark data recorded on the oscilloscope software 

used with the 38B / AT computer as the test vehicle passed over 

eac h tape switch. 

2.5 . ~ Parameters 

Three full-s c ale vehicle crash tests were conducted on the 

I o wa Retrofit Conc ret e Barrier Rail as shown in Figure 5. 

Tests 12-1 and 12-3 were conducted at a target impact speed 

of 60 mph with an impact angle of 20 degrees . A 1984 Honda Civic 

weighing 1 ,8 49 lbs. was used as the crash test vehicle. The 

location of impact was 18-in. downstream from construction joint 

No .2 as shown in Figure 16. 

Test 12-2 was conducted at a target impact speed of 60 mph 

with an impact angle of 20 degrees. A 1983 Chevrolet Scottsdale 

3/4-ton pickup weighing 5,386 lbs. was used as the crash test 

vehicle. The location of impact was 18-in. upstream fr om 

construction joint No. 1 as shown in Figure 16. 
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3. PERFORMANCE EVALUATION CRITERIA 

The safety performance objective of a highway appurtenance 

is to minimize the consequences of a vehicle l eaving 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 direc tly, but it can be evaluated according to three 

major factors: ( 1 ) structural adequacy, (2) occupant risk, and 

(3) vehi c le trajectory after collision. These three factors are 

defined and explained in NCHRP 230 (~). Similar criteria is 

presented in the new AASHTO criteria (1 ) . 

' The test conditions for the matrix are shown in Table 1. 

Also, the specific evaluation criteria used to determine the 

adequac y of the barrier are listed and will be explained l ater in 

Tables 2 and 3. 

After each test, the vehicle damage wa s assessed by the 

traffi c acc ident data scale (TAD) (~) and the vehicle damage 

index (VDI) (&). 

26 



'" -.J 

Appurtenance Te st Vehicl e 
Designati on TYPE 

Longitudinal 
Barrier 

Retrofit Concre t e ±50 
Barrier Rail PL-2 1800 Ib 
Test No . 12-1 

Re trofit Concret e ±100 
Barrier Rail PL-2 5400 Ib 
Test No. 12-2 

Re trofit Concrete ±50 
Barri e r Rail PL-2 1800 Ib 
Test No . 12 -) 

TABLE 1. 

CRASH TEST CONDITIONS 
ArID EVALUATION CRITER IA 

Tarqet I mpact 
Speed Ang l e Impact Po in t 
(mph) (deg) 

18" downstr e am from 
60 20 the second of two 

cons truction jo ints 

18" upstream fr om 
60 20 the first of two 

construction joints 

18 " downstr eam f rom 
60 20 th e second of two 

constructi on joints 

* The evaluation criteria are exp l ai ned in Tables 2 and 3 in the conclusions. 

Eva luation Criter i a • 

Required Des irab l e 

NCHRP 230: A,D,E, F, H, I 

AASHTO: A, S tC, D,G E, F, H 

NCHRP 230: A,D. E , H.! 

AASHTO : A, B,C, D E/F,G,H 

NCHRP 230: A, D,E, F, H,I 

AASHTO: A,ate, D, G E, F, H 



4. TEST RESOLTS 

Test 12-1 was conducted with an 1 , 849 lb. Honda Civic under 

the impact conditions of 56.8 mph and 20 degrees. A summary of 

the test results is shown in Figure 17. 

photographs a r e also shown in Figure 17. 

The sequential 

Upon i mpact with the retrofit concrete barrier rail, the 

frght front corner of the vehicle began to crush inward at 

approximately 0.040 sec. At 0.082 sec, the passenger-side window 

began to break due to the impact of the dummy 's head. The 

vehicle was parallel to the barrier at approximately 0.151 sec. 

At this time, the dummy's head was protruding out o f the window. 

As the vehicle became parallel to the barrier, the vehicle began 

to r o ll clockwise toward the barrier until contact was made 

between the upper portion of the vehicle and the top portion of 

the concrete wall. At this time, the left - side tires of the 

vehicle began to lose contact with the concrete ground surface. 

The rea r right-side of the vehicle impacted the concrete barrier 

between 0.189 and 0.212 sec. The vehicle exited the concrete 

barrier at approximately 0 . 294 sec. The vehicle was in contact 

with the barrier rail for approximately 8 ft. 

Photographs of the vehicle damage a r e shown in Figu r e 18. 

As evident. the vehicle damage was marginal. The TAD and VDI 

damage classifications are shown in Figure 17. Photographs of 

the minimal damage to the r etrofit conc r ete barrier r ail are 

shown in Figure 19. Only paint and tire marks were evident . 
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Impact 

Test No ... 
Date .••. 
Installation 

Drawing No. 
Length (ftl 

Concrete Barrier 
Material. 

Member. 

Length (ft). 
Dimensions 

Width (in). 
Height (in) 

Member . .. • . 

Length (ft). 
Di mensions 

Width (in) . 
Height (in) 

Member . • .. • 
Length (ft). 
Dimensions 

Width (in). 
Height (in) 

;~ II'>! 

= u-
:;' ~ II, 

, I-
.. - _ .. . . , 

... _ 4~ 

0.040 sec 

12-1 
11 /22/88 

. 

Retrofit Concrete 
Barrier Rail 
BRF-OOOS(2)-38-00 
1 00 

Nebraska Class 
"47- B-PHE" Mix 
Rectangular Concrete 
Wall-Section 
86 

10 
20 
Existing Concrete 
Curb-Section 
86 

20 
12 
Concrete Endwalls 
7 (each end) 

20 
32 

=~ .•. I =C ... ' 
._11'_ ' ',' 1 

" 
0.082 sec 

II 9- -
;; ~. III, . - ~ ,II 

-= I , _11 _ .. 
0 ·-'111 ",' , ,- _. 

';)1l1'; ",,~ .. 
~ .. 
-.'~ ::.~ 

0.151 sec 0.189 sec 
20' 

10" .3" 

.' Yt '~ i<" 20" 

,12 " 

"". , , , , 
."'\ 1'. 

Vehicle 
Hodel . 
Weight 

19 84 Honda civic 

Test Inertia (Ib) .. 
Dummy Ub) • 
Gross Static (lb). 

Vehicle Speed 
Impact (mph) . 
Exit (mph) •• 

Vehicle Angle 
Impact (degJ . 
Exit (degJ. • 

Vehicle Sna~ging 
Vehicle Stability . 
Occupant Impact velocity 

1849 
165 
2014 

56.8 
45 .0 

20 
8 .7 
None 
Satisfactory 

Longitudinal ( tps) ...... 11.9 
Lateral (tps) ........ 14.8 

Occupant Ridedown Decelerations 
Longitudinal (g's). +8.6,-1 1 .9 
Lateral (g ' s) +27.5,-24.2 

Vehicle Damage . . . . . Marginal 
TAD. . . . . . . . . . 1-RFQ-4 , 1-RBQ-2 
VDI . . . . . . . . . . 01RDAK2 

=:: 

Vehicle Rebound Distance (tt). 22.3 • 112 ft . (AASHTO) 
Bridge Rail Damage . . . Minimal 



FIGURE 18 . PHOTO GRAPHS OF VEHIC LE DAMAGE , 
TEST 12·· 1 
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FIGURE 19. RETROFIT CO NCRETE BARRIER RAIL 
DAMAGE , TEST 12 - 1 
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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. 

It was noted that high occupant values occurred for the 

lateral 0.010 sec. average ridedown deceleration. This occurred 

from a second impact between the rear portion of the vehicle and 

the concrete barrier. After discussions with both Mr. Charles F. 

McDevitt with the Federal Highway Administration and Mr. Jarvis 

D. Michie with Dynatech Engineering (formerly with Southwest 

Research Institute and developer of the flail space model), the 

high lateral ridedown decelerations should not be of great 

concern. This was due to the fact that the flail space model was 

not developed to handle the case of a second impact. The model 

would not be accurate, because it does not take into 

consideration the location of the occupant due to bouncing around 

when the second impact occurred. 
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Test 12-2 wa s conducted with a 5,386 lb. Chevrolet 

Scottsdale 3/4-ton pickup under the impact conditions o f 62 . 3 mph 

and 20 de grees. A summary of the test results is shown in Figure 

20 . The sequential photographs are also shown in Figure 20. 

Upon impact wi t h the retrof it concrete barrier rail, the 

righ t front corner o f the vehi c le began to crush inward between 

0.044 and 0.054 sec. At 0 . 094 sec., the pass e nge r - side doo r 

began to open due to the impact. Su bsequently be t ween 0. 129 and 

0.136 sec . , the dummy ' s he ad impacted the side window causing it 

to s hatte r . At 0 .17 3 sec . , the dummy's head was protrud ing out 

of t he win dow. Th e vehi c l e became parallel to the concrete 

barrier at approximately 0.219 sec. At this point, the dummy was 

hanging out of the wi ndow. Th e vehicle exited the concrete 

barrier at approximate ly 0.256 sec. The vehicle was in contact 

with the barrier r ail for approximately 12 ft. 

Photog r aphs of the vehicle damage a re sho wn in Figure 21. 

As evident, ' the vehicle damage was ma r ginal. The TAD and VDl 

damage classifications a re shown in Figure 20. Ph o tog raph s of 

the minimal damage to the re trofit concrete barrier rail are 

shown in Figure 22. Minor conc re te spa lling and paint and tire 

ma r ks we re evident. 

Graphs of the longitudinal and late r al deceleration, vehicle 

change in speed, late r al occupant impac t veloc ity, and 

longitudinal and lateral occupant displacement versus time are 

given in Appendix C. 
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Impact 

~oo LB. 

20~ 

Test No ..• 
Date • . .. 
Installation 

Drawing No. 
Leno-th Iftl 

Concrete Barrier 
Haterial. 

Member •• 

Length (ft ) . 
Dimensions 

width (in). 
Height (in) 

Member .... 

Leng th ( f t) . 
Dimensions 

Width (inl. 
Height (in) 

Member ... . 
Length (ft). 
Dimensions 

Width (in). 
Height (in l 

0.094 ·sec 

12-2 
12/0 1 / 88 
Retrofit Concrete 
Barrier Rail 
BRF-OOOS(2)-38-00 
100 

Nebraska Class 
"47-B-PHE" Mix 
Rectangular Concrete 
Wall-Section 
86 

10 
20 
Existing Concrete 
Curb-Section 
86 

20 
12 
Concrete Endwall s 
7 (each end) 

20 
32 

0.136 s e c 0.176 sec 0.296 sec 

,,," 
10' 3" 

" !4 
20" 

12" 

."." '"' , , ." " Vehicle 
Model • 1983 Chevrolet 

Scottsdale 3/4-Ton 
Weight 
Test Inertia Ilb). 
Dummy (lb) • 
Gross Static Ilb). 

Vehicle Speed 
I mpact (mph). 
Exit (mph) .• 

Vehicle Anl}le 
Impact (de9) . 
Exit (deg) .. 

Vehicle Sna9gin9 
Vehicle Stability. 
Occupant Impact Velocity 

5386 
165 
5551 

62.3 
47.0 

20 
5.2 
None 
Satisfactory 

Longitudinal (fps) ...... 14.4 
Lateral (fps) ........ 27.9(accel.),24.0(film) 

Occupan t Ridedown Decelerat ions 
Longitudinal (g's). 10.0 
Lateral 19'5) +8.0Iaccel.) ,+7 .1 (film) 

Vehicle Damage . Marginal 
TAD : . . . . . I-FR- 4, l-RBQ-5 
VDI . . . . . . OlRYEK2 

Vehicle Rebound Distance (ft). 7.5.118 ft. (AASHTO) 
Bridge Rail Damage . . . Minimal 



FIGU RE 2 1 . PHOTOGRAPHS OF VEHICLE DAMAGE , 
TEST 12-2 
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FIGURE 22 . RETROFIT CONCRETE BARRIE R RAIL 
DAMAGE , TEST 12-2 
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La...- Te.6.:t. II<>..- 12=..3. 

Test 12-3 was conducted with an 1,849 lb. Honda Civic under 

the impact conditions of 62.5 mph and 20 degrees. A summary of 

the test r esults is shown in Figure 23. The sequential 

photographs are also shown in Figure 23. 

Upon impact with the retrofit concrete barrier rail, the 

r ight fro n t corner of t h e ve h icle began to crush inwa r d at 

approximately 0.029 sec . At 0.098 sec . the passenger-side 

window began to break due t o the impact o f the dummy 's head . The 

vehicle was parallel t o the barrier at approximately 0 .14 0 sec. 

As the vehicle became parallel to the bar r ier , the vehicle began 

t o roll clockwise toward the barrier until contact was made 

betwee n the upper portion of the vehicle and the top portion of 

the wall. At this time the left-side tires o f the vehicle began 

to l ose contact with the concrete ground surface. The rear 

right -side of the vehicle i mpacted the concrete barrier between 

0.171 and 0.194 sec. The vehicle exited the concrete barrier 

between 0.290 and 0.302 sec. Th e vehicle was in contact with the 

barrier rail for approximately 10 ft. 

Photographs of the vehicle damage are shown in Figure 24. 

As evident, the vehicle damage was margina l. The TAD and VDI 

damage classifications are shown in Figure 23. Photog raphs of 

the minimal damage to the retrofit conc r ete barrier rail are 

shown in Figure 25. Only paint and tire marks were evident. 

Graphs of longitudinal deceleration, vehicle change in 

speed, and l ongitudinal occupant displacement versus time are 
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Impact 

Test No. 
Date 
Installation 

Drawing No. 
Length (ft) 

Concrete Barrier 
Mat~rial. 

Member. 

Length (ft ) • 
Dimensions 

Widt h (in) . 
Height (in) 

Member . 

Length (ft) . 
Dimensions 

width (in) . 
Height (in) 

Member. 
Length (ft) . 
Dimensions 

Width (in) . 
Height (in) 

0.052 sec 

~L8. 
~---........... 

12-3 
12/19/88 
Retrofit Concrete 
Barrier Rail 
5RF-000S(2 ) -38- 00 
100 

Nebraska Class 
"47-5-PHE" Mix 
Rectangular Concrete 
Wa l l- Section 
86 

10 
20 
Existing Concrete 
Curb-Section 
86 

20 
12 
Concrete Endwalls 
7 (each end) 

20 
32 

0 . 098 sec 0.146 sec 0.250 sec 

20' 
10" 3' 

. 
!4 

20'1 

12" 

71\' " 
, . " Vehicle 

Model . 
Weight 

1984 Honda Civic 

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

Vehicle Speed 
Impact (mph). 
Exi t (mph). . 

Vehicle Angle 
Impact (deg). 
Exit (deg) .. 

Vehicle Snagging 
Vehicle Stability. 

1849 
165 
2014 

62.5 
45.6 

20 
6.3 
None 
Satisfactory 

Occupant Impact Velocity 
Longitudinal (fps). . . . . . 20.9 
Lateral (tps) ........ Not Available 

Occupant Ridedown Decelerations 
Longitudinal (g's). 5.9 
Lateral (g's) Not Available 

Vehicle Damage . . . . . Marginal 
TAD. . . . . . . . . . I-RFQ-4,1-R5Q-2 
VDI . . . . . . . . . . 01RDAK2 

Vehicle Rebound Distance (ft) . 15.3 • 112 ft. (AASHTO ) 
Bridge Rail Damage . . . Minimal 



FIGURE 24. PHOTOGRAPHS OF VEHICLE DAMAGE , 
TEST 12-3 
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FIGURE 25 . RETROFIT CONCRETE BARRIER RAIL 
DAMAGE, TEST 12-3 
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given in Appendix C. 

Before vehicle i~pact with the barrier rail, the coaxial 

data cable broke when it snagged on the cable guidance 

stanchions. Also. the ove rhead Locam camera malfunctioned during 

the test. Thus. the longitudinal occupant risk values were 

determined from the perpendicular Photec IV camera. 

Test 12-3 wa s conducted as a rerun of Test 12-1 because the 

impact speed did not meet the AASHTO impact speed criteria (~) 
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5_ CONCLOSIONS 

Three full-scale vehicle crash tests were conducted to 

evaluate the safety performance of the Iowa Retrofit Concrete 

Barrier Rail . Tests 12-1 and 12-3 were conducted with the impact 

location at 18-in . downst r eam from const r uction joint No. 2 as 

shown in Figure 16 . Test 12-2 wa s conducted with the impact 

location at 18-in . upst re a m from const r uction joint No . 

shown in Figure 16. 

1 as 

The three tests were evaluated acco r ding to the safety 

performance crite ri a given in NCHRP 230 ( 1 ) and AASHTO (2). The 

safety evaluation summaries using both sets of criteria are 

presented in Tables 2 and 3. The results of the three tests are 

summarized in Table 4 . 

The analysis of the three crash tests revealed the 

following: 

~ ~~; 1 ,8 49 lb. vehicle 

1. The retrofit concrete ba rr ier did smoothly r ed irect the 

vehicle. 

2 . No detached elements or f ragments penetrated the 

passenger compartment . 

3 . Integrity of the passenger compartment was maintained . 

4. Vehicle r emained upright . 

5 . Effective coefficient of friction was marginal. 

6. Occupant ri sk values were conside red acceptable even 

though high values for lateral occupant ridedown 

decele rat ion occurred from a second impact. 

42 



Evaluation Criteria 

Structural 
Adequacy 

A: Test article shall SlOClOthly redirect the vehicle; the vehicle shall not 
penetrate or go over the installation although controlled lateral deflection of 
the test article is accept able. 

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. 

Occupant 
Risk 

E: The vehicle shall r emain upright during' and after oollisioo although lOClderate 
roll , pitching , and yawing are acceptable . Inteqrity of the passenger 
canpartment must be maintained with essentially no defomation or intrusion. 

F: Impact velocity of hypothet ical front seat passenger against vehicle interior , 
calculated fran velucle accelerations and 24 in. forward and 12 in. lateral 
displacement , shall be less than: 

excupant Impact Velocity - !.2§. 
Loogitudnal Lateral 

30 20 

and vehicle highest 10 ms average accelerations subsequent to instant of 
hypothetical passenger impact should be less than: 

Cccupant Rided~ Accelerations - !L.§. 
Loogi tudnal Lateral 

15 15 

Vehicle 
Traj E~dory 

H: After 0011isioo, vehicle trajectory and final stopping position shall 
intrude a minirrru:n distance, if at all, into adjacent traffic lanes. 

I: In test where the vehicle is judged to be redirected into or stopped while in 
adjacent traffic l anes , vehicle speed change during test article collision 
should be less than 15 mph and the exit angle fran the test article should be 
l ess than 60 percent of test impact angle, roth measured at time of vehicle 
loss of contact with test device. 

NR - Not Required 
S - Satisfactory 
M - Marginal 
U - Unsatisfactory 

TABLE 2. NCHR P 230 EVALUATI ON CRITERIA 
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Test 
I2-1 I2 2 I2-) 

S S S 

S S S 

S S S 

S U S 
INR ) 

S S S 
INR) 

YES YES YES 

S M M 



Evaluation Criteria 

A: 'Ibe test article shall cootain the vehicle; neither the vehicle nor its cargo shall 
penetrate or go over the installation. Controlled lateral deflection of the test 
articl e 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 canpartment 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 SIOClOthly redirect the vehicle. A redirection is dee\led 
sm:::oth if the rear of the vehicle does not yaw rore than 5 degrees away from the 
railing fram time of impact until the vehicle separates fr~ the railing. 

f: The sr.oothness of the vehicle-railing interaction is further assessed by the 
effective coefficient of friction p; where p = (c0s9 - VpIV )/sine. 

Y Ass€sswent 
0.0 0.25 Goo:! 

0.26 - 0.)5 Fair 
) 0. )5 liarginal 

G: The impact velocity of a hypothetical front -seat passeng~r against the vehicle 
interior , calculated froc; vehiclE- accelerations and 2.0 ft. longitudnal and 1.0 ft. 
lateral displacenents, shall be less than: 

O:cupant Impact Velocity: t..Q§ 
l..t:>nqitudnal Lateral 

)0 25 

and for the vehicle highest 1D-ms average accel erations subsequent to the instant 
of hypothetical passenger impact should be less than: 

Occupant Ride.-dC1Wl1 Accelerations: U 
Lonqitudnal Lateral 

15 15 

H: Vehicle exit angle fran the barrier shall not be rore than 12 degrees. Vithin 
100 ft. plus the length of the test vehicle fran the point of initial impact with 
the railing, the railing side of the vehicle shall rove no mre than 20 ft. frem 
the l ine of the traffic face of the railing. 

1 Required 
2 Desirable 
S - Satisfactory 
M - Narginal 
U - Unsatisfactory 

TABLE 3. AASHTO EVALUATION CRITERIA 
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Test 
12-1 12 2 12-) 

~ ~ ~ 

SI SI 51 

SI sl 51 

SI SI SI 

52 S2 52 

F2 1(2 l-
10.)5) 10.67) (0.49) 

SI H2 SI 

i 
I 

SI S2 SI 

M2 s2 52 



Test He re Test No. 
12- 1 12-2 12 3 

Vehicle Weight l I b) 1849 5386 1849 

Impac t 53.86 62.30 62 . 47 
Vehi cl e Spe ed Imph) 

Exit 44.97 46.99 45 . 64 

Impact 20 20 20 
Ve hicle Angle Ideg) 

Exit 8.7 5.2 6. 3 

Vehicle Rebound Distance I It) 22.3 • 7.5 • 15.3 @ 
lAASHTO) 112 i t. 118 it. 112 it. 

TAD l - RFQ-4 I-FR- 4 l -RFQ- 4 
l-RBQ-2 l-RBQ-5 l -RBQ, 2 

Vehicle Damage 
VDl 01RDAK2 01RYEK2 01RDAK2 

Longitudinal 17.9 14.4 20.9 
Occupant Impact 
Velocity Ifps) Lateral 14. 8 27.9 (accel. ) NA 

24.0 Ifi1m) 

Longitudinal +8.6 +10.0 +5 . 9 
Occupant Ridedown -11.9 
DEceleration Ig's) 

Lateral +27.5 +8 . 0 (acce l. ) NA 
- 24.2 +7.1 Ifilm) 

Did Snagging Occur? No No No 

Did Vehicle Rollover Occur? No No No 

NA - Not Available: Loss of accelerometer data and overhead Locam 
camera. 

TABLE 4. SUMMARY OF TEST RESULTS 

45 



7. The vehicle's speed change and exit angle we r e less than 

15 mph and 12 degrees, respectively. 

8. Th e vehicle's final resting place was marginal. 

~ ~~, 5,386 lb. vehicle 

1. The retrofit concrete barrier did smoothly redirect the 

vehicle. 

2. No detached elements or fragments penetrated the 

passenger compartment. 

3. Integrity o f the passenger compartment was maintained. 

4. Vehicle remained upright. 

5. Effective coefficien t of fricti o n was marginal. 

6. Occupant risk values were considered marginal due to 

high values of lateral occupant impact velocity. 

7. The vehicle's speed change was marginal (15 .31 mph) 15 

mph) . 

8. The veh icle's final resting place wa s satisfactory. 

1,849 lb . vehicle 

1. Th e retro fit concrete barrier did smoothly redirect the 

vehi c le. 

2. No detached elements or fragments penetrated the 

passenger compartment. 

3. Integrity of the passenger compartment wa s maintained. 

4. Vehicle remained upright . 

5. Effective coeffic ient of friction was marginal. 

6. Longitudinal 

acceptable. 

occupant risk values were 
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7. The vehicle's speed change was marginal (16.83 mph) 15 

m~) 

8. The vehicle 's final resting place was satisfactory. 

Based upon the above listed items, the results of Tests 

I2-1, I2-2, and I 2-3 are a cceptable according to the NCHRP 230 

(1) and AASHTO (l) guidelines. 
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6 . RECOMMENDAT IONS 

The Iowa Ret r ofit Concrete Barrier Rail has met two vehicle 

classifications of the PL-2 perfo rmance level in the AASHTO guide 

specifications (2), the 1,800 lb. and 5,400 lb. ve hicles. Thus, 

the concrete barrier can now be full-s cale vehic le c rash tested 

with the 18,000 lb. vehicle in order to f ull y satisfy the PL-2 

perfo rmance l e vel. 
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STATE OF NEBRASKA 
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. 
DIRECTOR·STATE EN GINFFR 

November 3, 1988 

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

Compressive strengths of concrete cyli nd ers fabricated during this phase 
are as follows: 

ITEM DATE PLACEO AGE (days) COMPRESSIVE STRENGTH 

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

Barrier rail (35' sec's . ) 
and both end sections 10/14/88 7 5450 psi 

10 4880 psi 
14 5090 psi 

Barrier rail - center 
secti on 10 / 17 /88 7 4530 psi 

14 5940 os ; 

Results of the 28 day breaks will be forwarded when completed. 
Cy1 inders were cured under field conditions so compressive strengths 
should be representative of the material ;n the structure. 

Beg~~ 
Dalyce Ronnau 
Assistant Engineer 
Materials & Tests Division 

DRlbb 

P.O. BOX 94759, LINCOLN, NEBRASKA 68509-4759, PHONE (402) 471-4567 
AN EQUAL OPPORTUNITY AFFIRMAT IVE ACTION EMPLOYER 

mholton
Typewritten Text
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STATE 

KAY A. ORR 
GOVE RNOR 

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

OF NEBRASKA 
DEPARTMENT OF ROADS 

G. C. STROBEL 
DIRECTOR·STATE ENGINEER 

November 22, 1988 

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

Dear Dr. Post: 

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

ITEM OATE PLACEO 

Curb Repair 10/11/88 

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

Barrier rail - center 
section 10/17/88 

AGE (days) Compressive Strength 

7 5090 ps; 
14 5620 psi 
28 5620 psi 

7 5450 ps i 
10 4880 psi 
14 5090 ps i 
28 6050 psi 

7 4530 os; 
14 5940 psi 
35 6440 psi 

Please advise s hould furt her information on the concrete pl acements be 
needed. 

Best Regards, 

qzee0"~ 
Assistant Engineer 
Materials & Tests Division 

OR/bb 

P .O. BOX 94759, LINCOLN, NEBRASKA 68509-4759, PHONE (402) 471·4567 
A:>O EQUAL OPPORTUNITY/ AFFIRMATIVE ACTION EMPLOYER 

mholton
Typewritten Text
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August 31, 1988 

Dr. Edward R. Post 
Ci vi l Engineering Department 
University of Nebraska 
W348 Nebraska Ha ll 
Lin co ln, Nebraska 68588 - 0531 

Dear Dr. Post : 

Ref. No . Statew i de Safety 
BRF - 000S(2)--38-00 

In order to more acc urate l y repre sen t existi ng installations 
as the y are actua ll y 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, 
show in g the installation for task No.2 of our te s ting con­
tract, shal l be changed as foll ows: 

1. For dowel setti ng , the epoxy grout system s hall be used. 

2. Pr ov i de tw o con st ru ction jo int s within the len gth of 
rail. Vehicle impact should be just behind a con ­
struction joi nt. As shown by the pr oject sheet, l ongi­
tudinal reinforc i ng sha ll extend through the 
construction j oi nt . 

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

4. The front vert ical face of th e retrof i t barrier shall be 
a constant 3 inches f r om the top front edge of the curb 
i. e. keep dimension "x" at 3 inches . 

Please not ify the Neb ra ska Department of Roads a nd your sub ­
contractor, M. E. Collins Contracting Co., of these re­
VlS1ons, Three copies of the revised project sheet are 
enc l osed f o r your use. 

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

B. Br own, B. Brakke, FH WA 
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Sincere l y, 

6:iL.c/~r 
Wi l liam A. Lundqu i st 
Bridge Engineer 



September 9, 1988 

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

Dear Dr. Post: 

Ref. No. 521.5 

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 testin9 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 
i~~jLc~~.?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 sp.ction due to 
Task I testing indicated that all of the reinforcing bars 
for the curb were not placed ;n 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, 

(.;~ d <X.....~r+-
William A. Lundqulst 
Bridge Engineer 
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FIGURE C-6 . GRAPH OF LATERAL OCCUPANT DISPLACEMENT , TEST I2-l 
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FIGURE C-7. GRAPH OF LONGITUDINAL DECELERATION , TEST I2-2 
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FIGURE C- 9. GRAPH OF LONGITUDINAL OCCUPANT DISPLACEMENT, TEST I2 - 2 
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FIGURE C-IO, GRAPH OF LATERAL DECELERATION, TEST 1 2-2 
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FIGURE C- 11. GRAPH OF LATERAL OCCUPANT IMPACT VELOCITY, TEST 12-2 
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FIGURE C- 12. GRAPH OF LATERAL OCCUPANT DISPLACEMENT, TEST 12-2 
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FIGURE C-14. GRAPH OF LATERAL OCCUPANT IMPACT VELOCITY, TEST 12-2 
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FIGURE C-1S_ GRAPH OF LATERAL OCCUPANT DISPLACEMENT, TEST 12-2 
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FI GURE C- 16. GRAP H OF LONGITUDINAL DECELERATION , TE ST 1 2-3 
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FIGURE C-17 . GRAPH OF VEHICLE CHANGE IN SPEED, TEST 12-3 
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FIGURE C-18. GRAPH OF LONGITUDINAL OCCUPANT DISPLACEMENT, TEST I2-3 




