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Figure 30. Documentary Photographs, Test No. ZOI-1
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Figure 31. Documentary Photographs, Test No. ZOI-1



50

Figure 32. Documentary Photographs, Test No. ZOI-1
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Figure 39. Vehicle Damage, Test No. ZOI-1
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7 CRASH TEST NO. ZOI-2

7.1 Test No. ZOI-2

A 2,009-kg (4,430-lbs) pickup truck impacted the single-slope concrete barrier with a

luminaire pole attached to the top of the barrier at a speed of 99.3 km/h (61.7 mph) and at an angle

of 23.4 degrees. A summary of the test results and sequential photographs are shown in Figure 41.

The summary of the test results and sequential photographs in English units are shown in Appendix

D. Additional sequential photographs are shown in Figures 42 through 44. Documentary

photographs of the crash test are shown in Figures 45 through 47.

7.2 Test Description

Initial vehicle impact was to occur 3.4 m (11 ft) upstream of the upstream side of the

luminaire pole, as shown in Figure 48. Actual vehicle impact occurred 457 mm (18 in.) downstream

of the targeted impact. At 0.028 sec after impact, the lower right-front corner of truck crushed

inward. At 0.048 sec, the truck hood protruded over the top of the barrier. At 0.066 sec, the top of

the right-side door became ajar. At 0.072 sec, the truck yawed counter-clockwise, and the front end

of the truck pitched upward. At 0.084 sec, the right-front corner of the hood contacted the pole. At

0.094 sec, the left-front tire became airborne. At 0.104 sec, the right-front corner of truck continued

to crush inward. At 0.124 sec, the truck’s hood buckled and the front of the truck continued to pitch

upward. At 0.140 sec, the front end of the truck became airborne. At 0.186 sec, the grill detached

from the left side, but remained attached on the right. At 0.202 sec, the box of the truck impacted

the pole. At 0.248, the truck became parallel to the barrier with a resultant velocity of 84.2 km/h

(52.3 mph). At this same time, the truck rolled toward the right. At 0.258, the truck exited the bridge

rail at a speed of 83.7 km/h (52.0 mph) and at an angle of 8.3 degrees. At 0.288 sec, the hood opened
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and blocked the view from the front windshield. At 0.356 sec, the front of the truck descended

toward the ground. At 0.414 sec, all tires, except for the right-rear tire, were airborne. At 0.630 sec,

the truck continued to descend toward the ground. At 0.736 sec, the right-rear tire contacted the

ground. At 0.802 sec, the left-front tire contacted the ground. At 0.906 sec, the front of the truck

pitched downward. At 0.982 sec, the right side of the truck bed became detached. At 1.148 sec, the

truck had regained contact with the ground. The vehicle came to rest 77.16 m (253 ft - 2 in.)

downstream from impact and 3.05 m (10 ft) laterally away from the traffic-side face of the system.

The trajectory and final position of the pickup truck are shown in Figures 41 and 49.

7.3 System Damage

Damage to the barrier and pole was minimal, as shown in Figures 50 through 51. Barrier

damage consisted of gouge marks and tire marks. The length of vehicle contact along the concrete

barrier system was approximately 3.33 m (10 ft - 11 in.), which spanned from 2.90 m (114 in.)

upstream from the centerline of the pole through 432 mm (17 in.) downstream from the centerline

of the pole. 

Tire marks on the front face of the barrier began 2.90 m (114 in.) upstream from the

centerline of the luminaire pole and continue to 432 mm (17 in.) downstream from the centerline of

the pole. Minor concrete gouges occurred at the front edge of the concrete barrier’s top face

throughout the tire mark region. Major gouges were found on the front-top edge of the barrier

between 1,346 mm (53 in.) and 1,600 mm (63 in.) upstream from the centerline of the luminaire

pole. A 254-mm (10-in.) long by 76-mm (3-in.) wide wheel gouge began 2,362 mm (93 in.)

upstream from the centerline pole and 381 mm (15 in.) above the ground on the front face of the

concrete barrier. Another 919-mm (7.5-in.) long by 32-mm (1.25-in.) wide wheel gouge on the front
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face of the wall began 1,842 mm (72.5 in.) upstream from the centerline of the pole and 476 mm

(18.75 in.) up above the ground. Another major gouge on the front face of the concrete barrier was

located 2,654 mm (104.5 in.) upstream from the centerline of the pole and 330 mm (13 in.) up above

the ground. Another 114-mm (4.5-in.) long by 121-mm (4.75-in.) wide gouge surrounded the bolt

on the upstream-front corner of the pole. Another major gouge occurred on the downstream edge

of the bolt on the upstream-back corner of the pole. Paint scratches were found at 2,769 mm (109

in.) upstream from the centerline of the pole and 178 mm (7 in.) above the ground through 622 mm

(24.5 in.) above the ground. Another major region of paint scratches occurred from 584 mm (23 in.)

through 1,905 mm (75 in.) upstream of the centerline of the pole and was 152 mm (6 in.) to 254 mm

(10 in.) above the ground. The luminaire pole connection bolts were slightly bent.

7.4 Vehicle Damage

Exterior vehicle damage was moderate, as shown in Figures 52 through 54. Occupant

compartment deformations to the right-side floorboard were judged insufficient to cause serious

injury to the vehicle occupants, as shown in Figure 55. Maximum longitudinal deflections of 60 mm

(2.375 in.) were located near the right-front corner of the right-side floorboard. Maximum lateral

deflections of 70 mm (2.75 in.) were located near the right-front corner of the right-side floorboard.

Maximum vertical deflections of 98 mm (3.875 in.) were located near the right center of the right-

side floorboard. Complete occupant compartment deformations and their corresponding locations

are provided in Appendix F.

Damage was concentrated on the front and right sides of the vehicle. The right-front quarter-

panel, wheel well, and hood were deformed and dented. The bumper and bumper connections were

deformed and damaged. The front bumper encountered two major buckle points. The hood buckled.
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The right-front top corner of the box was dented. Light scrapes and deformations were found along

the entire right side. One heavy contact mark was found on the right side near the rear of the truck.

The top of the right-side door was ajar with a 127 mm (5 in.) gap. The drive shaft disengaged

between the rear end and the middle joint. The lower right-side A-frame was deformed upward. The

right-side frame horn encountered heavy contact marks and was crushed inward. The right-front

wheel fractured but remained attached to the truck. The lower-right side of the windshield shattered.

The right-side window glass was fractured and removed. The left side, rear end, and all other

window glass remained undamaged. 

7.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -5.92 m/s

(-19.41 ft/s) and 8.61 m/s (28.25 ft/s), respectively. The maximum 0.010-sec average occupant

ridedown decelerations in the longitudinal and lateral directions were -5.90 Gs and 12.48 Gs,

respectively. The results of the occupant risk, as determined from the accelerometer data, are

summarized in Figure 41. Results are shown graphically in Appendix G. The results from the rate

transducer are shown graphically in Appendix G.

7.6 Discussion

The analysis of the test results for test no. ZOI-2 showed that the single-slope concrete

barrier with an attached luminaire pole impacted with the 2000P vehicle adequately contained and

redirected the vehicle with controlled lateral displacements of the barrier system. There were no

detached elements nor fragments which showed potential for penetrating the occupant compartment

nor presented undue hazard to other traffic. Deformations, or intrusion, into the occupant

compartment that could have caused serious injury did not occur. The test vehicle did not penetrate
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nor ride over the barrier system and remained upright during and after the collision. Vehicle roll,

pitch, and yaw angular displacements were noted, but they were deemed acceptable because they

did not adversely influence occupant risk safety criteria nor cause rollover. After the collision, the

vehicle’s trajectory did not intrude into adjacent traffic lanes. In addition, the vehicle’s exit angle

was less than 60 percent of the impact angle. Therefore, test no. ZOI-2 conducted on the single-slope

concrete barrier with an attached luminaire pole was determined to be acceptable according to the

TL-4 safety performance criteria of test designation no. 4-11 found in NCHRP Report No. 350.

Since it was not required by NCHRP Report No. 350, test no. ZOI-2 was performed without

the use of a non-instrumented dummy positioned in the right-side passenger seat. As such, the results

from this test do not demonstrate whether or not a belted passenger would be partially ejected

outside of the occupant compartment, thereby allowing the head to contact the pole attached to the

top of the barrier. In the future, it is recommended that the crash testing and evaluation of

attachments to rigid parapets utilize dummies placed in both small cars and pickup trucks in order

to observe the potential for head ejection and contact with the attachment being studied.
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Figure 42. Additional Sequential Photographs, Test No. ZOI-2

0.000 sec. 0.234 sec.

0.402 sec.0.094 sec.

0.906 sec.0.148 sec.

0.124 sec. 0.630 sec.



66

Figure 43. Additional Sequential Photographs, Test No. ZOI-2

0.000 sec. 0.128 sec.

0.044 sec. 0.172 sec.

0.262 sec.0.104 sec.

0.204 sec.0.080 sec.
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Figure 44. Additional Sequential Photographs, Test No. ZOI-2

0.000 sec. 0.170 sec.

0.202 sec.0.074 sec.

0.136 sec. 0.356 sec.

0.114 sec. 0.274 sec.
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Figure 45. Documentary Photographs, Test No. ZOI-2
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Figure 46. Documentary Photographs, Test No. ZOI-2
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Figure 47. Documentary Photographs, Test No. ZOI-2




