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I. INTRODUCTION
A. Problem Statement

Guardrails are often placed over box culverts to protect motorists from the hazard
presented by cross-drainage culverts installed under highways. Unfortunately, the performance
of these guardrails is seriously diminished when the box culvert is installed with less than 40 in.
of fill material. Hirsch developed a design for alleviating this problem that utilized W6 X9 steel
posts bolted to the top of the box culvert (1). However, this design requires that the front face
of the W-beam be placed 3 ft from the head wall of the culvert to provide space for the guardrail
to deflect during impact. In many cases this design requires the culvert to be extended, thereby
significantly increasing the cost of the structure, especially in rehabilitation projects where no
other culvert work would be required.

An alternative design was therefore proposed by the Kansas Department of Transportation
that would provide a stiffer barrier and thereby reduce the amount of deflection over the culvert.
This design consisted of a nested W-beam supported by W6 X9 steel posts spaced at 3 ft 1% in.
on center and bolted to the top slab of the concrete box culvert. The strengthened barrier was
then placed adjacent to the culvert headwall.

B. Objective

The objective of this study was to determine if the revised design would provide adequate
safety performance for full-size automobile impacts with the guardrail posts placed adjacent to
the culvert headwall. If the safety evaluation of this test, conducted and evaluated according to
NCHRP 230 (2), was favorable, considerable savings could be recognized since extending the

concrete box culvert would no longer be necessary.



C. Test Installation

Photographs of the test installation are shown in Figure 1, with design details shown in
Figure 2. The test installation consisted of 12-gauge W-beam guardrail spanning a 10-ft wide
concrete box culvert. The top of the box culvert was located 9 in. below grade. The strength
of the concrete in the box culvert was tested to be 5130 psi at the time of the safety evaluation.
The W6 X9 steel posts were spaced at 6 ft 3 in. on center except over and adjacent to the low
fill culvert where the spacing was reduced to 3 ft 1'% in. The shortened posts located over the
culvert were bolted to the top slab of the culvert as shown in Figure 2. The posts over the
culvert were installed adjacent to the concrete headwall on the end of the box culvert. The
remainder of the posts were installed by augering holes and backfilling while tamping around
the post. An 18 ft 6 in. length of nested guardrail was centered over the culvert. Both ends of

the 169 ft long installation were anchored with a standard Breakaway Cable Terminal (BCT).



FIGURE 1. Photographs of the nested W-beam with half-post spacing over a low-fill culvert
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FIGURE 2. Details of the nested W-beam with half-post spacing over a low-fill culvert



II. TEST CONDITIONS

A. Test Vehicle

A 4500-1b 1985 Ford LTD, shown in Figure 3, was used as the test vehicle. Dimensions
and axle weights of the test vehicle are shown in Figure 4. Black and white-checkered targets
were placed on the vehicle for high-speed film analysis. Two targets were located on the center
of gravity, one on the top and one on the driver’s side of the test vehicle. Additional targets
were located for reference so that they could be viewed from all cameras. The front wheels of
the test vehicle were aligned for camber, caster, and toe-in values of zero to ensure proper
tracking of the vehicle along the guide cable. Two 5B flash bulbs, fired by a pressure tape
switch on the front bumper, were mounted on the roof of the vehicle to establish the time of

impact on the high-speed film.



FIGURE 3. Test Vehicle
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FIGURE 4.

Test Vehicle Data Sheet



B. Data Acquisition Systems

1. Accelerometers

Two triaxial piezoresistive accelerometer systems with a range of +200 g’s (Endevco
Model 7264) were used to measure vehicle accelerations. The accelerometers were rigidly
attached to a metal block mounted near the vehicle’s center of gravity. Accelerometer signals
were received and conditioned by an onboard Series 300 Multiplexed FM Data System built by
Metraplex Corporation. The multiplexed signal was then transmitted to a Honeywell 101 Analog
Tape Recorder. Computer software “Computerscope” and “DSP” were used to digitize,

analyze, and plot the accelerometer data.

2. High Speed Photography

Four high-speed 16-mm cameras, with operating speeds of approximately 500 frames/sec
were used to film the crash tests. A Red Lake Locam with a 12.5 mm lens was placed above
the test installation to provide a field of view perpendicular to the ground. A second Red Lake
Locam with a 12.5-mm lens was located behind the rail. A Photec IV, with an 80-mm lens, was
placed upstream from the impact point and had a field of view parallel to the guardrail. A
second Photec 1V, with a 55-mm lens, was placed on the traffic side of the guardrail and had
a field of view perpendicular to the barrier. A schematic of the camera locations for the test is
shown in Figure 5. A white-colored backboard with a 2-ft by 2-ft grid was placed behind the
rail in view of the overhead camera. This backboard provided a visible reference system to use
in the analysis of the overhead high-speed film. The film was analyzed using a Vanguard

Motion Analyzer.
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FIGURE 5. Schematic of camera locations



3. Speed Trap

Seven pressure tape switches spaced at 5-ft intervals were used to determine the speed
of the vehicle before impact. Each tape switch fired a strobe light which sent an electronic
timing signal to the data acquisition system as the left front tire of the test vehicle passed over
it. Test vehicle speeds were determined from electronic timing mark data recorded on
"Computerscope” software. Strobe lights and high speed film analysis are used only as a backup

in the event that vehicle speeds cannot be determined from the electronic data.
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III. TEST RESULTS
A. Test 36-1 (4500 Ibs, 61.0 mph, 28.2 deg)

The 1985 Ford LTD was directed into the W-beam guardrail system using a reverse tow
and cable guidance system (3). The vehicle was released from the tow cable and guidance
system and was free wheeling at impact. The speed and angle of the vehicle at impact were
61.0 mph and 28.2 degrees, respectively. The impact point, shown in Figure 6, was located 10
ft 9% in. upstream from the center of the culvert. A summary of the test and sequential
photographs are shown in Figure 7. Additional sequential photographs are shown in Figures 8
and 9.

Upon impact with the W-beam guardrail, the right front corner of the vehicle began to
crush inward as the rail deflected. The right-front wheel then contacted Post No. 16 and was
separated from the vehicle. The detached wheel then went under the rail and came to rest under
the culvert. As the vehicle progressed along the rail, the first two posts bolted to the culvert
(Post Nos. 16 and 17) were separated from the rail and bent over as shown in Figure 10. The
test vehicle became parallel to the guardrail 202 ms after impact with a speed of 35.6 mph.

The vehicle exited the rail at an angle and speed of 7.7 degrees and 30.6 mph,
respectively, 350 ms after impact. After exiting the rail the vehicle continued to travel
downstream and to the left, coming to rest 160 ft downstream from impact and 39 ft to the left
of a line parallel to the railing face. This vehicle trajectory is shown in Figures 7 and 10.

Damage to the W-beam system is shown in Figure 11. A maximum permanent set
deflection of 18% in. was measured at Post No. 16. Additional measurements of permanent set
deflections of the guardrail are presented in Figure 12. The concrete box culvert was not

damaged.
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The test vehicle damage, shown in Figure 13, was extensive along the entire passenger
side. The normalized longitudinal and lateral occupant impact velocities as determined from
accelerometer data were 27.9 fps and 13.5 fps, respectively. The highest 10-ms average
occupant ridedown decelerations were 11.3 g’s (longitudinal) and 18.7 g’s (lateral). The vehicle
change in speed of 30.4 mph was greater than the value of 15 mph required by NCHRP 230 (2).
However, many systems which have been approved for use by FHWA have been unable to pass
this criteria (3,6), and the update to NCHRP Report 230 (4) does not contain this requirement.

Accelerometer traces from this test are shown in Appendix A.
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FIGURE 6. Vehicle Impact Location
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FIGURE 8. Upstream Sequential Photographs
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FIGURE 9. Sequential Photographs from behind rail
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FIGURE 10. Guardrail Damage
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FIGURE 11. Vehicle Trajectory
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FIGURE 13. Vehicle Damage
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IV. CONCLUSIONS

NCHRP Report 230 (2) provides specific criteria for evaluating the performance of
longitudinal barriers. Table 1 summarizes all of the relevant evaluation criteria from this report,
as well as the findings from the test reported herein. This system met all of the evaluation
criteria except for those referring to vehicle trajectory. It has been noted that many systems
currently approved by the FHWA do not meet this requirement and that the update to NCHRP
230 (4) does not require that this criteria be met. Therefore, it was found that the safety
performance of the nested W-beam with half-post spacing over a low-fill culvert was

satisfactory.
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Table 1. Safety Performance Results

Structural
Adequacy

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

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

The vehicle shall remain upright during and after
collision although moderate roll, pitching and
yawing are acceptable. Integrity of the passenger
compartment must be maintained with essentially
no deformation or intrusion.

Vehicle
Trajectory

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

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.

S - Satisfactory
M - Marginal
U - Unsatisfactory
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APPENDIX A.

ACCELEROMETER TRACES
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Longitudinal Deceleration (g’s)

Lonatudind Deceleration — Test 56—1 — Accelerometer #1

1:8.

10.

'

v

0.00 O

05

0.10

0.

15

0.

20

0. 25

0.

S0

Q.

35

0. 40

0.

45

Time (sec)

Figure A-1. Graph of Longitudinal Deceleration, Test 36-1




Lateral Deceleration (g’s)
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Figure A-2. Graph of Lateral Deceleration, Test 36-1






