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DEVELOPMENT OF A LOW-PROFILE CONCRETE MEDIAN BARRIER

ABSTRACT

A low-profile portable concrete barrier (PCB) has been developed for
use in low-speed (45 mph [73 km/h] or less) work zones. The purpose of the
low-profile barrier is to shield the work zone and redirect errant vehicles
while improving visibility. The low-profile barrier has a total height of
only 20 in. (50.8 cm) while most current PCBs have a total height of 32 in.
(81.28 cm). The primary advantage of the reduced height of the low-profile
PCB is that driver visibility is significantly increased. This enhanced
visibility should provide drivers with safer conditions and should reduce
the number of accidents. The performance of the barrier is demonstrated
through the results of two full-scale crash tests. Based on the results of
these crash tests, the low-profile barrier is recommended for immediate use

under appropriate conditions.
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INTRODUCTION

As many cities show continued growth, so do their existing roadway
systems. As a result, roadway work zones have become commonplace. The work
zones disrupt the continuity of traffic flow and thus introduce a hazard for
both motorists and workers. As such, work zones are often protected by
longitudinal barriers which are capable of redirecting errant vehicles.

Boundaries of work zones are often defined by the use of reflective
barrels or portable concrete barriers (PCBs). These systems work well for
vehicles traveling along the major roadway through the work zone. However,
if cross-traffic access is required, there are often sight-distance
problems. A typical example of this problem would occur where openings in
the longitudinal barrier are provided to allow cross-traffic access from
parking lots and intersecting roads. The heights of typical longitudinal
barriers reduce the cross-traffic driver visibility. This is especially a
probiem at night, when the barrier obstructs eye contact with oncoming
headlights.

In many cases, the cross-traffic vehicle must pull into the mainstream
of the roadway before eye-contact is established with the headlights of the
oncoming vehicle. This situation has led to many accidents. The objective
of this research was to develop a low-profile PCB which is short enough to
alleviate the sight-distance problem discussed above, while at the same time
maintaining a credible redirective ability. This was accomplished by first
studying the geometrics of the situation. Then studies were conducted to

establish theoretical barrier performance limits for low-profile barriers



of various heights. This information was integrated into a workable Tow-
profile barrier design which is discussed in this report. The remainder of
this report deals with the development, full-scale testing and

recommendations for the use of the new low-profile PCB.



DEVELOPMENT OF THE LOW-PROFILE PCB

The purpose of this research was to develop a low-profile segmented
PCB for use in low-speed (45 mph [73 km/h] or less) applications. The
design goals for the low-profile PCB were as follows. The low-profile
barrier should be short enough so that the barrier does not cause a sight-
distance problem for cross traffic. The new low-profile PCB should be
capable of redirecting errant vehicles over an appropriate range of vehicle
weights, speeds and impact angles. Texas Department of Transportation
(TxDot) engineers requested that the maximum lateral defiection of the
barrier should be held to a minimum. The remainder of this section
addresses these issues.

It was decided that an unobstructed line-of-sight between the cross-
traffic drivers eye and the center of the headlight of the oncoming vehicle
provides the boundary for acceptable barrier performance. To study the
sight-distance problem, it was necessary to define headlight heights and
other related geometric constraints as described below.

A random survey of one hundred vehicles was conducted to establish the
range of typical headlight heights. In this study, the headlight height was
defined as the measured distance between roadway surface and the center of
the headlight. The headlight heights varied for different makes and models
of vehicles. Of importance, however, is the range that encompassed most of
the vehicle headlights heights and the minimum headlight height. Most of
today’s cars have headlight heights between 24 and 28 in. (61 cm and 71 cm),

with the minimum height being 24 in. (61 cm). None of the vehicles measured



had headlight heights less than 24 in. (61 cm). In addition, A POLICY ON
GEOMETRIC DESIGN OF HIGHWAYS AND STREETS., 1990 by AASHTO suggests that the
minimum allowable headlight height should be 24 in. (61 cm) (1).
Therefore, the minimum headlight height of 24 in. (61 cm) was used in the
following sight-distance analysis.

In addition to the headlight height, it was necessary to know the eye
height of the driver of the cross-traffic vehicle. AASHTO requires a
driver’s design eye height of 42 in. (107 cm) (1). Hence, this value was
used to generate the results discussed here.

There are many other variables which affect the sight-distance problem
including the offset of the oncoming vehicle and the offset of the cross-
traffic vehicle to the barrier, as shown in Figure 1. Further, the
situation depicted in Figure 1 can occur in conjunction with three different
geometric conditions as follows.

1. Constant slope - flat terrain
2. Sag curve
3. Crest curve
These geometric conditions are illustrated in Figure 2.

Simplified geometric analyses were conducted for each of these
geometric conditions and a wide range of offset conditions. It was found
that the cross-traffic drivers sight-distance is unlimited as long as the
barrier height is less than 24 in. (61 cm-the minimum headlight height) for
both constant slope and sag vertical curves. However, in the case of crest
vertical curves it was found that the cross-traffic drivers sight-distance

is significantly increased by the use of barrier heights less than 24 in.
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(61 cm). The degree of limitation in this latter case depends to a large
extent upon the geometric conditions assumed. AASHTO sets limits for crest
vertical curve design parameters based upon driver comfort, visibility and
stopping sight-distance (1). These limiting parameters result in minimum
curve radii for given design speeds. Cross-traffic driver analyses were
done for 45 mph (73 km/h) AASHTO requirements. In addition, headlight
offsets of 2, 14 and 26 ft (0.61, 4.3 and 7.9 m) were examined to represent
one, two and three lanes of oncoming traffic. The AASHTO design stopping
sight-distance for a vehicle travelling at 45 mph (73 km/h) is 325 ft (99
m) (1). Results from this analysis show that a barrier height of 20 in. (51
cm) provides sufficient vision of one or both headlights for the above
conditions. Therefore, an overall barrier height of 20 in. (51 cm) is
acceptable for 45 mph (73 km/h) applications. While the 20 in. (51 cm)
barrier meets AASHTO requirements, the cross-traffic driver’s visibility is
further improved as the barrier height is reduced. Based on this sight-
distance analysis it was determined to develop a low-profile barrier that
was 20 in. (51 cm) tall or shorter.

The feasibility of the low-profile barrier was first suggested in work
by Don L. Ivey and H.E. Ross Jr. which took place in advance of the current
contract with TxDot. Early example designs were disclosed to the Texas A&M
University System (TAMUS). These early conceptual designs served as a basis
for the current design. A patent application was under development before
the development of the design of the low-profile was begun. The patent
application for the Tow-profile PCB was filed for TAMUS on April 25, 1991.

The first step in the design process was to define appropriate



collision criteria for the low-profile barrier in cooperation with TxDot
engineers. After discussion with TxDot engineers, test conditions were
established. Since the low-profile barrier is intended for use in urban
work zones where speeds are limited to 45 mph (73 km/h), it was determined
that 45 mph (73 km/h) provides a reasonable test speed for all conditions.
Because of the potentially hazardous consequences associated with failure
to redirect, it was decided to select the remainder of the crash test
parameters to reflect relatively severe conditions. Therefore, the strength
test was established to be a 3/4 ton pick-up impacting at 45 mph (73 km/h)
with an angle of 25 degrees. It is believed that this test represents a
very severe set of impact conditions for the proposed application. The
stability test was determined to be an 1800 1b (817 kg) small automobile
impacting at 45 mph (73 km/h) with an angle of 20 degrees. These angles are
consistent with current strength and stability tests for full-service
barriers.

After the test criteria were established, the research focused on
determining the minimum barrier height that is required to achieve the
desired goal.

Preliminary barrier analyses were conducted using computer
simulations. The computer program used was HVOSM (Highway-Vehicle-Object-
Simulation-Model) (2). The version of HVOSM used in the study was the RD-2
version which incorporates modifications developed by researchers at the
Texas Transportation Institute (TTI). The TTI modifications permit the

structure of the vehicle to interact with the sloped faces of a multi-faced



rigid barrier. Studies of rigid New Jersey CMBs made with this modified
version of HVOSM have been reasonably successful.

A 3/4 ton pick-up computer model was not available at the outset of
the project; therefore, a large car model was used in its place for the
HVOSM simulations. The simulation results suggested that the minimum
acceptable barrier height is 18 in. (46 cm) for the impact criteria
discussed above. At 18 in. (46 cm) the large automobile remained stable.
At a barrier height of 16 in. (41 cm) the large automobile rolled over the
barrier. Since a 3/4 ton pick-up has a higher center of gravity than a
large automobile, it was judged that the barrier should be taller than 18
in. (46 cm). Therefore, a barrier height of 20 in. (51 cm) was established
based on these results and engineering judgment. The authors believe that
a barrier height of 20 in. (51 cm) is close to the minimum acceptable height
for this application.

In reviewing previous automobile tests on the New Jersey Concrete
Median Barrier (CMB) and the single-siope CMB, it can be seen that the
stability of an impacting vehicle is significantly affected by the shape of
the barrier face (3.4,5). Both the New Jersey and single-slope CMBs have
sloped sides. The sloped sides induce upward acting vertical forces on the
impact side of the vehicle. This force, in combination with tire
interaction forces, causes the impact side of the vehicle to rise. This
vertical rise imparts a roll motion to the vehicle. The severity of the
roll motion depends upon the vehicle properties and impact conditions. If
the roll motion is severe enough, the vehicle will experience full roll-

over.



Results of full-scale crash tests show that the impact side of
automobiles, pick-ups, and suburban-type vehicles do not have a tendency to
rise if the barrier face is vertical (4). This is the case because the
impact forces have no vertical components, and the tire-barrier interaction
forces alone are not sufficient to force the impact side of the vehicle to
rise. The result is little or no roll motion away from the barrier.

Because of the reduced height of the low-profile barrier, it is
important to control the upward vertical displacement of the impact side of
the vehicle so that the vehicle does not vault over the barrier. Therefore,
a negative slope was cast into the impact surface of the low-profile barrier
to help prevent vertical displacement of the impact side of the vehicle.
The negative slope significantly changes the tire barrier interaction thus
reducing the tendency for the vehicle to rise due to this mechanism. In
addition, the unbalanced vertical component of the impact force acts in a
downward direction on the vehicle which further restricts the tendency for
the impact side of the vehicle to rise. Using engineering judgement and
simplified analyses, it was determined that a negative slope of 1 in 20
would provide the desired effect.

To keep the lateral deflections of the barrier to a minimum required
an adequate combination of barrier weight and connection moment capacity.
The effects of barrier weight and connection moment capacity on the lateral
deflections of the low-profile barrier were studied using SABS (6). SABS
is a computer simulation program that yields deflections of segmented PCBs
based on force versus time data derived from similar crash tests. For this

study, deflections were determined for 20, 25 and 30 ft (6.1 m, 7.6 m and
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9.1 m) barrier segment lengths. The weight of the barrier was somewhat
constrained to be in the 500 to 600 1b/ft (745 to 894 kg/m) range given the
geometric constraints discussed previously. For barrier weights in this
range, and a 100,000 ft-1b (136,000 N-M) connection moment capacity, the
deflections are approximately the same for all three segment Tlengths.
Therefore, no significant advantage is given by using 25 or 30 ft (7.6 or
9.1 m) segments over the 20 ft (6.1 m) segment for this connection moment
capacity. In addition, using a shorter segment allows a reduced turning
radius while enhancing barrier maneuverability. Based on these results it
was concluded that a combination of a barrier weight of approximately 550
1b/ft (745 kg/m) for a 20 ft (6.1 m) segment, and a 100,000 ft-1b (136,000
N-M) moment connection capacity would appropriately 1limit lateral
deflections to less than 6 in. (15.2 cm).

Based on the above discussions, the barrier height was established at
20 in. (51 cm), the minimum barrier weight was set at 550 1b/ft (745 kg/m),
and the slope of the barrier face was set at a negative 1:20. The resulting
barrier cross-section is shown in Figure 3. The outline of the New Jersey
PCB is also presented in Figure 3 for comparison purposes. The low-profile
barrier shape yields an actual weight of approximately 560 pounds per linear
foot (834 kg/m).

Several different connection schemes were considered for the new low-
profile PCB including those previously used on many conventional PCBs.
However, none of these existing connection details were appropriate.
Therefore, a new connection detail was developed as shown in Figure 4. The

connection is accomplished by aligning the ends of two barrier segments and
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inserting two ASTM A36 bolts through the connection holes which are recessed
into a rectangular trough which is cast into the end of each segment. This
trough allows the bolts to be removed and inserted freely. When the
connection is loaded, a moment develops between the tensile force in the
bolts and the compressive force in the extreme concrete fibers as shown in
Figure 5. This connection results in a moment capacity slightly in excess
of 100,000 ft-1bs (136,000 N-M).

The tolerances in the connection holes were set so that the barrier
can be assembled on roadways with moderate vertical and horizontal curves.
The barrier connection can tolerate angles up to four degrees in both the
horizontal and vertical directions. This means that 20 ft (6.1 m) long
barrier segments can be used to turn horizontal curves with radii of
curvature of 150 ft (46 m).

Complete fabrication details for the new low-profile barrier are

presented in Figure 20 in Appendix A.
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FULL-SCALE CRASH TESTS

Two full-scale crash tests were conducted on the low-profile PCB to
evaluate its performance relative to structural adequacy, occupant risk, and
vehicle exit trajectory. The first test involved a 4,500 1b (2,043 kg) 3/4
ton pick-up which impacted the PCB at 45 mph (73 km/h) with an encroachment
angle of 25 degrees. The second test involved an 1800 1b (817 kg) compact
car which impacted the PCB at 45 mph (73 km/h) with an encroachment angle
of 20 degrees.

The tests were conducted using six 20 ft (6.1 m) long low-profile
concrete segments connected together to form a 120 ft (36.4 m) longitudinal
barrier. The segments were placed on the existing concrete surface at the
TTI Proving Ground with no positive attachment to the roadway surface.

In both of the full-scale crash tests, the vehicles impacted the 120
ft (36.4 m) long longitudinal barrier at a point located approximately 5 ft
(1.5 m) upstream of the middle barrier segment joint. This impact point was
chosen to provide the most critical impact situation with respect to both
strength and snagging. Test statistics for the two crash tests are
summarized in Table 1. Sequential photographs of the tests are presented
in Appendix B. Accelerometer traces and plots of roll, pitch, and yaw are

presented in Appendix C.
Results of Test 9901F-1

In this test, a 1984 GMC Sierra 2500 Pickup was directed into the PCB.

Figure 6 presents the barrier prior to impact. The pickup is shown in

16



TABLE 1

Test No.

Vehicle Weight, 1b (kg)
Impact Speed, mph (km/hr)
Impact Angle, degrees
Exit Angle, degrees
Displacement, in (cm)

Occupant Impact Velocity

ft/s (m/s)
Longitudinal
Lateral
Occupant Ridedown Acceleration
g’s
Longitudinal
Lateral

Vehicle Damage Classification
TAD
cnc

SUMMARY OF CRASH TEST RESULTS

9901F-1
4500(2043)
44.4(71.4)
26.1
0.0
5.0(12.7)
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FIGURE 6 Barrier before Test 9901F-1.
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Figures 7 and 8. The test inertia weight of the vehicle was 4,500 1b (2,043
kg), and its gross static weight was also 4,500 1b (2,043 kg). The height
to the lower edge of the vehicle bumper was 17.5 in. (44.4 cm), and the
height to the upper edge was 26.5 in. (67.3 cm). Additional dimensions and
information on the vehicle are given in Figure 31 of Appendix D. The
vehicle was directed into the barrier using a reverse cable tow and guidance
system. The vehicle was free-wheeling and unrestrained just prior to
impact.

The vehicle was travelling at a speed of 44.4 mi/h (71.4 km/h) when
it impacted the barrier. The impact angle was 26.1 degrees. Immediately
after impact, the bumper of the vehicle rode up on top of the barrier. At
approximately 23 msec after impact, the left front tire impacted the
barrier. The barrier began to move laterally at 66 msec, and the vehicle
began to redirect at 71 msec after initial impact. The right front tire
became airborne at 117 msec, the left front at 133 msec and the right rear
at 217 msec. At approximately 357 msec, the vehicle was travelling paraillel
to the barrier with a speed of 37.0 mi/h (59.5 km/h), and the rear of the
vehicle impacted the barrier shortly thereafter. The vehicle exited the
barrier at 768 msec, travelling virtually parallel with the barrier at a
speed of 34.8 mi/h (56.0 km/h). Sequential photographs of the test are
presented in Figure 21 in Appendix B.

The barrier received some damage as shown in Figures 9 and 10. The
maximum lateral movement of the barrier was 5.0 in. (12.7 cm) at the
impacted (center) joint. At the impacted connection, vehicle bumper

interaction resulted in slight damage to the upper edge of the barrier. One
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FIGURE 7 Vehicle/barrier geometrics for Test 9901F-1.
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FIGURE 8 Vehicle before Test 9901F-1.
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FIGURE 9 Barrier after Test 9901F-1.
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FIGURE 10 Damage at joints, Test 9901F-1.
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downstream experienced a shallow delamination. These damages exposed no
reinforcing steel and are not considered to be structurally significant.

The vehicle (shown in Figures 11 and 12) sustained minimal damage to
the left side; however, the floorpan and frame were bent, and the A-arms
were damaged. There was also damage to the front bumper, Teft front quarter
panel, left door, left rear quarter panel, and the rear bumper. The
wheelbase on the left side was shortened from 131.5 in. (3.3 m) to 120.75
in. (3.1 m).

Data from the electronic instrumentation were digitized for evaluation
and post-test processing. As stated previously, the impact speed was 44.4
mph (73 km/h), and the angle of impact was 26.1 degrees. NCHRP 230
describes occupant risk evaluation criteria, and it places limits on these
for acceptable performance for tests conducted with 1,800 1b (817 kg)
vehicles (7). These limits do not apply to the tests conducted with 4,500
1b (2,043 kg) vehicles but were computed for information only. The occupant
impact velocity was 21.2 ft/s (6.5 m/s) in the longitudinal direction and
16.0 ft/s (4.9 m/s) in the lateral direction. The highest 0.010 sec average
occupant ridedown accelerations were -6.0 g (longitudinal) -11.4 g
(1ateral). These and other pertinent data from this test are presented in
Figure 13. Vehicular angular displacements are displayed in Figure 23 in
Appendix C. Vehicular accelerations versus time traces filtered at 300 Hz
are presented in Figures 24 through 26 in Appendix C. These data were
further analyzed to obtain the 0.050 second average vehicle accelerations.
The maximum 0.050 second average accelerations measured near the center-of-

gravity of the vehicle were -5.6 g (longitudinal) and -7.7 g (lateral).
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FIGURE 11 Vehicle after Test 9901F-1.
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FIGURE 12 Damage to front and rear wheels for Test 9901F-1.
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After impact, the vehicle redirected and did not penetrate, vault or
roll over the barrier. The barrier moved laterally 5 in (12.7 cm). There
were no detached elements or debris to show potential for penetration of the
occupant compartment or to present undue hazard to other traffic. The
vehicle remained upright and stable during the impact with the barrier and
after exiting the test installation. The vehicle trajectory at loss of

contact indicates minimum intrusion into the adjacent traffic lanes.

Results of Test 9901F-2

In this test a 1981 Honda Civic was directed into the low-profile PCB
deployed in a temporary configuration. The barrier configuration prior to
this test is shown in Figure 14 for Test 9901F-1. Figures 15 and 16
presents the vehicle prior to the impact. The test inertia weight of the
vehicle was 1,800 1b (817 kg), and its gross static weight was 1,965 1b (892
kg). The height to the lower edge of the vehicle bumper was 14.0 in. (35.6
cm), and the height to the upper edge was 19.5 in. (49.5 cm). Additional
dimensions and information on the vehicle are given in Figure 32. The
vehicle was directed into the barrier using a cable reverse tow and guidance
system. The vehicle was free-wheeling and unrestrained just prior to
impact.

The vehicle was travelling at a speed of 45.7 mi/h (73.5 km/h) when
it impacted the barrier. The impact angle was 21.3 degrees. At
approximately 27 msec after impact, the left front tire impacted the
barrier, and at 40 msec the vehicle began to redirect. The right side of

the vehicle began to 1ift at 125 msec. At approximately 174 msec, the
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FIGURE 14 Barrier prior to Test 9901F-2.
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FIGURE 15 Vehicle/barrier geometrics for Test 9901F-2.
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FIGURE 16 Vehicle before Test 9901F-2.
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vehicle was travelling parallel to the barrier at a speed of 39.6 mi/h (63.7
km/h). The rear of the vehicle impacted the barrier at 202 msec, and the
vehicle exited the barrier at 366 msec, travelling 7.4 degrees away from the
barrier at a speed of 38.2 mi/h (61.5 km/h). Sequential photographs of the
test are presented in Figure 22 in Appendix B.

The barrier received no significant damage as shown in Figure 17.
There was no measurable lateral movement of the barrier. The vehicle
sustained moderate damage to the left side as shown in Figure 18. The left
strut and stabilizer bar were damaged. There was also damage to the front
bumper, grill, left front quarter panel, left door, left rear quarter panel,
and the rear bumper.

Data from the electronic instrumentation were digitized for evaluation
and post test processing. As stated previously the impact speed was 45.7
mph (73.5 km/h), and the angle of impact was 21.3 degrees. NCHRP 230
describes occupant risk evaluation criteria, and it places limits on these
for acceptable performance for tests conducted with 1,800 1b (817 kg)
vehicles impacting with angles of 15 degrees (7). These limits do not
apply to this set of test conditions but were computed for information only.
The occupant impact velocity was 11.7 ft/s (3.6 m/s) in the longitudinal
direction and 18.6 ft/s (5.7 m/s) in the lateral direction. The highest
0.010 sec average occupant ridedown accelerations were -1.1 g (longitudinal)
and -8.7 g (lateral). These and other pertinent data from this test are
presented in Figure 19.

Vehicle angular displacements are displayed in Figure 27 in Appendix

C, and vehicular accelerations versus time traces filtered at 300 Hz are
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FIGURE 17 Barrier after Test 9901F-2.
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FIGURE 18 Vehicle after Test 9S01F-2.
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presented in Figures 28 through 30 in Appendix C. The maximum 0.050 second
average accelerations measured near the center-of-gravity of the vehicle
were -4.5 g (longitudinal) and -9.1 g (lateral).

After impact, the vehicle redirected and did not penetrate, vault or
roll over the barrier. There was no measurable movement of the barrier.
There were no detached elements or debris to show potential for penetration
of the occupant compartment or to present undue hazard to other traffic.
The vehicle remained upright and stable during the impact with the barrier
and after exiting the test installation. There was no deformation or
intrusion into the occupant compartment. The vehicle exited the barrier
traveling 7.4 degrees away from the barrier. The vehicle trajectory at loss

of contact indicates minimum intrusion into the adjacent traffic lanes.
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CONCLUSIONS

A low-profile PCB has been developed. It has been designed for
impacts ranging from 1,800 1b (817 kg) compact automobiles to 4,500 1b
(2,043 kg) 3/4 ton pick-ups. The test conditions for the 3/4 ton pick-up
were 45 mph (73 km/h) with a 25 degree encroachment angle. The test
conditions for the small car were 45 mph (73 km/h) with a 20 degree
encroachment angle. It is believed that these are severe test conditions
for the urban application where vehicle speeds are limited to 45 mph (73
km/h). The tests prove that the barrier can withstand these impacts without
any vaulting or rolling of the vehicle and without any significant damage
to the barrier.

In both full-scale crash tests, the vehicles were smoothly redirected.
The largest deflection of the barrier was 5 in. (12.7 cm) resulting from the
3/4 ton pick-up impact. There was no measurable deflection in the small car
test. All test results fell within acceptable limits of occupant and
vehicle accelerations according to NCHRP 230 (7). Therefore, the Tlow-
profile PCB is recommended for immediate use.

The primary advantage to the low-profile PCB is that it significantly
improves the site distance situation for the drivers attempting to enter or
exit a work zone which is delineated with the PCB barriers. The critical
sight-distance situation was judged to be lateral visibility of a cross-
traffic driver attempting to enter the work zone at night. Specifically,
the new low-profile PCB was designed to not interfere with the sighting of

headlights of oncoming traffic at night. In addition, the day time
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visibility is significantly improved. The improved visibility provided by
the use of the low-profile PCB will allow drivers to see oncoming vehicles
at night and in the day time and to avoid a potentially hazardous situation.
While obtaining this advantage, a reasonable level of safety in the work
zone is maintained by preventing the intrusion of errant vehicles into the
work area.

In addition to portable applications, there may also be permanent uses
for the low-profile barrier in urban situations and in some areas adjacent
to freeways. The PCB can be easily converted to permanent use including
slip, forming the shape without connections and/or permanently anchoring the
barrier to the roadway.

The new low-profile barrier presents a major advance for urban work
zones where the vehicle speeds are limited to 45 mph or less. It is
perceived that there is a need for a similar low-profile barrier for higher
speed applications. While the redirective capabilities of the 20 in (51 cm)
low profile PCB may not be sufficient for use in high-speed work zones, it
is believed that a 24 in. (61 cm) version of the low-profile barrier would
be able to redirect a 4,500 1b (2,043 kg) vehicle impacting at an angle of
25 degrees with a speed of 60 mph (96 km/h). Therefore, it is suggested
that future research efforts be directed toward the development and testing
of a 24 in. (61 cm) full-service low-profile barrier. In addition, a
significant effort needs to be expended to develop an end treatment for the

new low-profile PCB.
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APPENDIX A
FABRICATION DETAILS FOR
THE LOW-PROFILE CMB
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FIGURE 20 Low-Profile construction details.
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FIGURE 20 Low-Profile construction details (continued).
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FIGURE 20 Low-Profile construction details (continued).
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ALTERNATE WIRE MESH REINFORCING
SCHEME FOR THE LOW-PROFILE PCB
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FIGURE 20 Low-Profile construction details (continued).
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APPENDIX B
SEQUENTIAL PHOTOGRAPHS
OF CRASH TESTS
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FIGURE 21

229 msec |
Sequential photographs of Test 9301F-1.

45



768 msec

FIGURE 21 Sequential photographs of Test 9901F-1 (continued).
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147 msec

FIGURE 22 Sequential photographs of Test 9901F-2.
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196 msec

367 msec

FIGURE 22 Sequential photographs of Test 9901F-2 (continued).
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APPENDIX C
ACCELEROMETER TRACES AND
PLOTS OF ROLL, PITCH AND

YAW RATES
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"’ Axes are vehicle fixed.
Sequence for determining
AW orientation is:

L 1. Yaw
é§5 2. Pitch
JRovt 3. Roll
/

Pitch

40. 60

(BEGREES)
20.

.6 -9
(SECONDS)

DISPLACEMENT
-20.

Ro11

-40.,

Yaw

~-60.

FIGURE 23 Vehicle angular displacements for Test 9901F-1.
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LONGITUDINAL ACCELERATION (g's)

-30

TEST 9901F-1

Class 180 Filter - At center-of-gravity

—

———

LN

Low Profile Barrier
Vehicle: 1984 GMC Pick-up |-

Weight: 4,500 b
Speed: 44.4mih

Angle:  26.1 deg

0.1 02 0.3 0.4 dS dé 0.7 0.8
TIME (SECONDS)

FIGURE 24 Longitudinal accelerometer trace for Test 9901F-1.
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TEST 9901F-1

Class 180 Filter - At center-of-gravity

10

Yy

’
wh

Low Profile Barrier
Vehicle: 1984 GMC Pick-up

LATERAL ACCELERATION (g's)
2

Weight: 4,5001b
Speed: 44.4mih
Angle:  26.1 deg

-15

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8

TIME (SECONDS)

FIGURE 25 Lateral accelerometer trace for Test 9901F-1.
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VERTICAL ACCELERATION (g’s)

TEST 9901F-1

Class 180 Filter - At center-of-gravity

'
w

Vehicle: 1984 GMC Pick-up |-

Al
!

-10
Weight: 4,5001b
-15 Speed: 44.4 mih
Angle:  26.1 deg
-20 ‘ i ;
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

TIME (SECONDS)

FIGURE 26 Vertical accelerometer trace for Test 9901F-1.
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(DEGREES)

DISPLACEMENT

|'z Axes are vehicle fixed.
Sequence for determining
orijentation is:

CPIHITCH Y AW

o 6;; <i§>

= 1. Yaw
% 2. Pitch
R 3. Roll
/

‘ AN

40.

1 .
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Pitch
Q
' 2 6 '8
(SECONDS)
Yaw
=

FIGURE 27 Vehicle angular displacements for Test 9901F-2.
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LONGITUDINAL ACCELERATION (g's)

TEST 9901F-2

Class 180 Filter - Near center-of-grav.

20

154

10

oy PapiA A ¥ SN W,
WS T VYV Aad V 7\

Low Profile Barrler

—
o
1

Test Inertia Weight: 1,800 b
Gross Static Welght: 1,965 b

Test Vehicle; 1981 Honda Civic |-

-154 Test Speed: 45.7 mih
R Test Angle: 21.3deg
-20 i i
0 0.1 0.2 0.3 0.4 0.5

TIME (SECONDS)

FIGURE 28 Longitudinal accelerometer trace for Test 9901F-2.
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LATERAL ACCELERATION (g's)

TEST 9901F-2

Class 180 Filter - Near center-of-grav.

20

[
D

-104-4-444

o
jo
—

20+

Low Profile Barrier

Test Vehicle: 1981 Honda Civic
Test inestia Weight: 1,8001b
Gross Static Weight: 1,965 Ib
Test Speed: 45.7 mi/h
TestAngle: 21.3deg

0.1 0.2

0.3

0.4 0.5

TIME (SECONDS)

FIGURE 29 Lateral accelerometer trace for Test 9901F-2.
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VERTICAL ACCELERATION (g's)

TEST 9901F-2

Class 180 Filter - Near center-of-grav.

25
20
15
10
54
0- L ' AJ‘ V&mdifwwmvpdmﬂukqdwmku bty
! /
-5 [ 1 l
Low Profile Bamrler
Test Vehicle: 1981 Honda Civic
-10 Test Inertla Weight: 1,800 1b
Gross Static Weight: 1,965 1b
Test Speed: 45.7 mi/h
-15 Test Angle: 21.3deg
-20 ;

0 0.1 02 0.3 d4 0.5
TIME (SECONDS)

FIGURE 30 Vertical accelerometer trace for Test 9901F-2.
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APPENDIX D
TEST VEHICLE PROPERTIES
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1GTGC24MIEJ527146

Date: Test No.:  9901F-1 VIN:
Make: GMC Model: Sierra 2500 Year: 1984 Odometer: 56779.1
Tire Size: LT 235 Ply Rating: Bias Ply: __ Belted: ___ Radial: _X
35 R16 Tire Condition: good __
AJ///ZS:-Accelerometers fair __
badly worn
] A —
0’////////// Vehicle Geometry - inches
p a
a 79 k" b 31 %"
131 " * 72"
[ 2 d
= | eomm— ———J'{ y
52 4" £ 215 "
| 167 ! T € : :
il e g h _60.49"
L ote— Tire dia . "
Azzelerometers s i - j 44
§\ ™ | sdlen
s ) k 25 " 2 60 L"
py - N 9 N T |4 m_26 %" n_ 3%
=@ )bk .
! tve ] -Ib A o 17 %" p 651"
334" h > r_31" s _17 %"
e _ C . R -
5] g : .
2 £ Engine Type: _ y.8
- Engine CID: 350
Transmission Type:
4-wheel weight £ 1215 19215 1011 1059 MHACHIEX XXX Manual
for c.g. det. £ rf er rr KXo RWD om0
. . Body Type: PU
Mass - pounds Curb Test Inertial Gross Static Steering_Column Collapse
M] 2551 2430 M?chanwsm:
__Behind wheel units
My 1999 2070 “Convoluted tube
__Cylindrical mesh units
My 4581 4500 Embedded ball

Note any damage to vehicle prior to test:

Crack Windshield (marked)

""NOT collapsible
Other energy absorption

"_Unknown
Brakes:
Front: disc_X drum_

*d = overall height of vehicle

Rear: disc__ drum X

FIGURE 31 Test vehicle properties (Test 9901F-1).
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Date: Test lo.: 99017-2 VIN:

JHMSL 431505004595

Make: Honda Model: Civic

155 SR12 Ply Rating: 4

AAcce]erometers

VAR N

Tire Size:

vear: 1981

Bias Ply: __

a p “%—_‘ 4;5"
Y
921"
N M
Tire dia r Accelerometers
Wneel dia
s
N
) U— —
i = J¥ _ 1 A 1
| S| +
LA O{—' @ kﬂ‘)]\; k ’
h "
b c - 24;5
1‘ £ MZ
4-wheel weight
for c.g. det. 2&f 580 rf 565  4r_ 338 rr_308
Mass - pounds Curb Test Inertial Gross Static
M 1130 1154 1236
Mz 621 646 729
MT 1751 1800 1965

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: 107449.2

Belted: ___ Radial: X __
Tire Condition: good _
fair &

badly worn __

Vehicle Geometry ~ inches

a 62%" b 29 3/4"

¢ 88 4" d* 52 4"

e 28 4" f 146 4"
" g h 31.67"

i --=- j_ 28y

k 15 %" 2 205"

m 19 %" n_ 3%"

o 14" p 53 3/4"

r 21 %" s 13 %"

Engine Type: 4 CYL_Gasoline
Engine CID: 81
Transmission Type:
AxxormeaxXxex  Manual
FWD 0000RKOX XX X XXWX
Body Type: 3-Door

Steering Column Collapse
Mechanism:

__Behind wheel units

__Convoluted tube
Cylindrica) mesh units

“Embedded ball

__NOT collapsible

__Other energy absorption

__Unxnown

Brakes:
Front: disc_X drum___
Rear: disc___  drumX

FIGURE 32 Test vehicle properties (Test 9901F-2).
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