





o Unlike the findings at the optical speed bar on the north end of Lee Chapel Road,
vehicle speeds measured in the before, after, and after 90 periods exhibited no general
patterns regarding increases and decreases. The observations at specific stations are
discussed later.

e Vehicle speeds in the after 90 period had generally increased from comparable speeds
in the after period at Stations 6, 8, and 9. Speeds decreased between the two periods
at Station 7, which was at the beginning of the bars.

o At Station 6, vehicle speeds increased for all time periods after the bars were
installed. These increases were not statistically significant in the after period, but
they were statistically significant for all time periods in the after 90 period. The
statistically significant increases ranged from 2.8 to 3.2 mph, with the average of 3.0
mph being an increase of 6.7 percent.

o At Station 7, vehicle speeds decreased for all time periods after the bars were
installed. These decreases were not statistically significant in the after period, but
they were for all of the time periods in the after 90 period. The statistically
significant decreases ranged from 1.6 to 2.0 mph, with the average of 1.8 mph being a
decrease of 3.6 percent.

o At Station 8, vehicle speeds decreased slightly for all time periods in the after period
but then increased for all time periods in the after 90 period. These increases were
statistically significant when compared to the before speeds in four of the five time
periods. The increases ranged from 1.4 to 2.1 mph, with the average of 1.8 mph
being an increase of 3.7 percent.

o At Station 9, vehicle speeds decreased for all time periods in both after periods. Even
though speeds in the after 90 period increased considerably from the speeds in the
after period, all decreases were statistically significant when compared to the before
speeds. The decreases in the after period ranged from 3.5 to 4.1 mph, with the
average of 3.9 mph being a decrease of 7.9 percent. The decreases in the after 90
period ranged from 1.5 to 1.7 mph, with the average of 1.6 mph being a 3.3 percent
decrease.

Middle of the Hazardous Section (Table 4).

e Vehicle speeds at both stations decreased for all time periods in both after periods.
Speeds increased slightly from the after to the after 90 period at Station 10. Speeds
decreased between the two periods at Station 5.

o At Station 5, vehicle speeds decreased for all time periods during both after periods.

These decreases were statistically significant and ranged from 1.0 to 1.7 mph, with
the latter decrease being 4.0 percent.
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Table 4. Average Speeds (mph) in Hazardous Section on Lee Chapel Road Both Directions

Station 5 Southbound Data Collection Period
Time Period Before After After 90
All Days 42.63 41.48° 40.94°
Weekday 42.60 41.41° 40.93%
Weekend 42.71 41.67° 40.98°
Day (6 A.M.-6 P.M.) 42.42 41.23° 40.52°
Night (6 P.M.-6 A.M.) 42.85 41.74° 41.36°

Station 10 Northbound Data Collection Period
Time Period Before After After 90
All Days 43.35 41.15° 41.45°
Weekday 43.42 41.17° 41.53?
Weekend 43.19 41.13° 41.25%
Day (6 A.M.-6 P.M.) 43.60 41.27° 41.45°
Night (6 P.M.-6 A.M.) 43.11 41.04° 41.45°

After = within 7 days after installation; after 90 = approximately 90 days after installation.
4Speed is significantly (statistically) different from before speed (ANOVA at 95 percent confidence level).

e At Station 10, vehicle speeds decreased for all time periods during both after periods.
These decreases were statistically significant and ranged from 1.7 to 2.3 mph, with
the highest average decrease being 5.0 percent.

Route 460 Through Town of Zuni
Average Vehicle Speeds
The findings are presented in Tables 5 and 6 and summarized here.

At all stations, average vehicle speeds during the five time periods analyzed varied little
in any of the periods; i.e., neither the day of the week nor the time of day seemed to influence
driver speeds. The maximum variation was about 2 mph.

For discussion purposes, the six locations counted are logically separated into westbound
travel through Zuni (Stations 1 to 3, Table 5) and eastbound travel through Zuni (Stations 4 to 6,
Table 6).

Westbound Travel Through Zuni (Table 5).

e Vehicle speeds generally decreased as motorists traveled from the outskirts of Zuni to
the center of town for all periods. Before installation of the bars, speeds decreased
from approximately 54 mph at the first 45 mph speed limit sign to approximately 46
mph in the center of town. (As mentioned previously, speed data were not collected
before installation in the 55 mph zone approaching Zuni.) In the after period, speeds
decreased from approximately 57 to 49 to 40 mph as motorists traveled from the 55
mph zone, past the 45 mph speed limit sign, and into the center of town, respectively.
In the after 90 period, speeds at the same benchmarks decreased from approximately
59 to 51 to 47 mph.
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Table 5. Average Speeds (mph) Westbound on Route 460 Through Town of Zuni

Station 1 Data Collection Period
Time Period Before After After 90
All Days 56.71 59.16
Weekday 56.71 58.78
Weekend 56.71 59.42
Day (6 A.M.-6 P.M.) 56.86 59.12
Night (6 P.M.-6 A.M.) 56.56 59.23

Station 2 Data Collection Period
Time Period Before After After 90
All Days 54.42 49.31° 51.02%
Weekday 54.49 49.59° 50.85%
Weekend 54.25 48.74° 51.45%
Day (6 A.M.-6 P.M.) 54.74 49.86° 51.85%
Night (6 P.M.-6 A.M.) 54.09 48.85° 50.19%

Station 3 Data Collection Period
Time Period Before After After 90
All Days 45.56 39.98° 46.91°
Weekday 44.95 39.96° 46.95%
Weekend 45.68 40.06° 46.63
Day (6 A.M.-6 P.M.) 46.05 40.19° 47.23%
Night (6 P.M.-6 A.M.) 45.05 39.72° 46.53%

After = within 7 days after installation; after 90 = approximately 90 days after installation.

4Speed is significantly (statistically) different from before speed (ANOVA at 95 percent confidence level).

Vehicle speeds for all time periods decreased in the after period at the two stations
(Stations 2 and 3) where before speeds were obtained. All decreases were statistically
significant.

At the two stations affected by the presence of the bars (Stations 2 and 3), vehicle
speeds in the after 90 days period increased from comparable speeds in the after
period.

At Station 2, vehicle speeds decreased the most in the after period. The decreases
were significantly different statistically for all time periods and ranged from 4.9 to 5.5
mph, with the average of 5.1 mph being a 9.4 percent decrease.

At Station 3, vehicle speeds decreased the most in the after period. The decreases
were significantly different statistically for all time periods and ranged from 5.0 to 5.9
mph, with the average of 5.5 mph being a 12.0 percent decrease. Vehicle speeds then
increased in the after 90 period for all time periods, even to the point of being
statistically higher than before the bars were installed. The increases that were
statistically significant ranged from 1.2 to 2.0 mph, with the average of 1.5 mph being
only a 3.3 percent increase. The average speed at Station 3 for all time periods in the
after 90 period was 46.6 mph, only slightly above the 45 mph speed limit in the center
of town.
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Eastbound Travel Through Zuni (Table 6).

Vehicle speeds generally decreased as motorists traveled from the outskirts of Zuni to
the center of town for all data collection periods. Before installation of the bars,
speeds decreased from approximately 57 mph at the first 45 mph speed limit sign to
approximately 37 mph in the center of town. (As mentioned previously, speed data
were not collected before installation in the 55 mph zone approaching Zuni.) In the
after period, speeds decreased from approximately 60 to 56 to 42 mph as motorists
traveled from the 55 mph zone, past the 45 mph speed limit sign, and into the center
of town, respectively. In the after 90 period, speeds decreased from approximately 60
mph in the 55 mph zone to 47 mph at both the 45 mph speed limit sign and in the
center of town.

Vehicle speeds for all time periods decreased slightly in the after period at Station 5,
and the decreases were statistically significant Statistically significant increases in
speed occurred for all time periods at Station 6 in the after period.

At the two stations affected by the presence of the bars (Stations 5 and 6), vehicle
speeds in the after 90 period increased from comparable speeds recorded in the after
period at Station 6 but decreased at Station 5.

At Station 5, vehicle speeds decreased the most in the after 90 period. The decreases

were significantly different statistically for all time periods and ranged from 9.3 to 9.8
mph, with the average of 9.5 mph being a 16.8 percent decrease.

Table 6. Average Speeds (mph) Eastbound on Route 460 Through Town of Zuni

Station 4 Data Collection Period
Time Period Before After After 90
All Days 59.54 59.69
Weekday 59.58 59.64
Weekend 59.45 59.79
Day (6 A.M.-6 P.M.) 59.73 59.87
Night (6 P.M.-6 A.M.) 59.35 59.50

Station 5 Data Collection Period
Time Period Before After After 90
All Days 56.77 55.57% 47.22°
Weekday 56.75 55.68° 47.18°
Weekend 56.79 55.30% 47.34°
Day (6 A.M.-6 P.M.) 57.02 56.16% 47.71%
Night (6 P.M.-6 A.M.) 56.51 54.97° 46.74°

Station 6 Data Collection Period
Time Period Before After After 90
All Days 37.25 41.99° 47.04°
Weekday 37.43 42.02° 47.09°
Weekend 36.79 41.94° 46.70°
Day (6 A.M.-6 P.M.) 36.93 41.79° 46.75°
Night (6 P.M.-6 A.M.) 37.57 42.20° 47.37%

After = within 7 days after installation; after 90 = approximately 90 days after installation.
4Speed is significantly (statistically) different from before speed (ANOVA at 95 percent confidence level).
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o At Station 6, vehicle speeds increased in both after periods; all increases were
statistically significant. The increases were the largest in the after 90 period and
ranged from 9.7 to 9.9 mph, with the average of 9.8 mph being a 26.4 percent
increase. The average speed at Station 6 for all time periods in the after 90 period
was 47.0 mph, only slightly above the 45 mph speed limit in the center of town.

DISCUSSION

In general, the results must be considered in view of the limited number of sites
evaluated. Even though two installations of optical speed bars were evaluated, the pattern was
substantially different at each site.

Flashing LED Stop Sign

Although statistically significant decreases in speed occurred after installation of the
flashing LED stop sign, it is questionable whether the very small decreases in actual speeds are
practically significant.

The reader is reminded that a number of countermeasures had been previously
implemented along Route 151 to alert motorists to the upcoming stop-sign controlled
intersection. These included the installation of two “stop ahead” signs with accompanying “stop
ahead” horizontal pavement markings, rumble strips on both sides of the second horizontal “stop
ahead” pavement marking, and a 48-inch oversized stop sign. It is possible that these prior
installations had already led to a decrease in motorists’ speeds and thus possibly explain the
relatively small additional decreases found after installation of the flashing LED stop sign.

As noted previously, the results of the compliance study undertaken as a part of this effort
were inconclusive. Other studies cited in the literature did find significant increases in
compliance after the installation of the LED stop sign. It is likely that the LED stop sign would
provide the biggest improvements in compliance where sign conspicuity is the primary reason
for noncompliance, and that may not have been the case at this intersection, given the number of
alternative countermeasures in place.

Optical Speed Bars
Lee Chapel Road
Although a large number of statistically significant decreases in speed occurred after
installation of the optical speed bars, with the higher decreases ranging from 8 to 12 percent at

specific stations, most of the decreases were much smaller and it is questionable whether the
decreases in actual speeds are practically significant.
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Route 460 Through Town of Zuni

The thermoplastic tape used for the markings produced a slight bumping when motorists
rode over the bars, similar to what occurs with cross-lane rumble strips. The effect was not as
pronounced as only one layer was placed for the bars versus the typical two layers of tape for the
rumble strips. The noise impact of traveling over the bars was also less because of the single
layer versus the double layer.

Speed decreases were generally higher in Zuni, where the speed bars were 8.5 feet wide
and placed in the center of the travel lanes, than on Lee Chapel Road, where the bars were 18
inches wide and placed on the edges of the travel lanes.

SUMMARY OF FINDINGS
Flashing LED Stop Sign

The results of vehicle speed studies conducted at the pilot site at three locations and
during three data collection periods (before, immediately after, and approximately 90 days after
installation of the flashing sign) may be summarized as follows:

o The flashing LED stop sign had an overall positive impact on vehicle speeds, which
generally decreased at all three stations after installation; however, these decreases
were small.

e Many of the decreases in speed were statistically significant and during the various
time periods analyzed ranged right after installation from 1.1 to 2.3 mph at Station 1,
which was farthest from the intersection; 1.3 to 2.2 mph at Station 2; and 1.5 to 2.4
mph at Station 3, which was closest to the intersection.

e Speeds decreased further 90 days after installation at Station 3. Compared to the
before speeds, the statistically significant decreases ranged from 1.9 to 3.4 mph. The
average decrease of 2.7 mph represented a 7.0 percent decrease.

« The flashing sign had a greater positive impact at night than during the day.
Compared to speeds before installation, the decrease in speed at all stations was
greater during the night than during the day. Statistically significant speed decreases
averaged 2.0 percent during the day and ranged from 4.2 percent to 7.3 percent at
night.

e There was a trend for speeds to increase slightly between the initial installation and
approximately 90 days after installation at two of the stations. None of these
increases was large; therefore, it cannot be concluded that motorists became
accustomed to the flashing sign and reverted to the speeds before installation.
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Although the results of the compliance study were inconclusive, there is nothing to
indicate that the effectiveness of the signs cited in other studies would not also hold
true in Virginia, particularly given the reductions in speed on the approach to the stop
sign that seem to indicate the LED stop sign has caught the drivers’ attention.

Optical Speed Bars

Lee Chapel Road

The results of vehicle speed studies conducted at the pilot site at 10 locations and during
three data collection periods (before, immediately after, and approximately 90 days after
installation of the bars) may be summarized as follows:

The optical speed bars had an overall positive impact, as vehicle speeds decreased at
all key locations, i.e., the two stations located just before the hazardous section on
each end and the two stations located in the middle of the hazardous section.
However, the decreases were small.

Statistically significant decreases ranged from 1.0 to 2.3 mph at these key stations,
with decreases ranging from 3.3 to 5.0 percent 90 days after installation.

Speeds ranged between 40 and 42 mph for the various time periods at the northern
beginning and the middle of the hazardous section 90 days after installation. These
speeds were in line with the 40 mph posted speed limit for the section. At the
southern beginning of the hazardous section, speeds decreased after installation;
however, they were still around 47 mph, which was well above the 40 mph posted
speed limit.

Although the speed decreases at these key stations were small, greater decreases
occurred at other stations. For example, speeds at the beginning of the bars on the
northern end decreased immediately after and 90 days after installation. The latter
decreases, which were statistically significant, ranged from 4.8 to 5.9 mph, with the
average of 5.4 mph being a 12.3 percent decrease. At the southern end, speeds also
decreased at the beginning of the bars, although not as greatly. These decreases,
which were statistically significant, ranged from 1.6 to 2.0 mph, with the average of
1.8 mph being a 3.6 percent decrease. The decreases that occurred before the end of
the bars partly explain the smaller speed decreases at the end of the bars and right
before the hazardous section.

Given the theory behind the effectiveness of optical speed bars in decreasing
motorists’ speeds, it was anticipated that drivers would slow down as they tracked
through the bars. This trend was not observed.

There was a trend for speeds to increase between the initial installation and
approximately 90 days after installation at 8 of the 10 stations. At several of the
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stations, these increases were several miles per hour. Therefore, it can be concluded
that motorists became accustomed to the bars and increased their speeds; however, as
noted earlier, speeds were generally still decreased from the speeds before the bars
were installed.

Route 460 Through Town of Zuni

The results of vehicle speed studies conducted at the pilot site at six locations and during
three data collection periods (before, immediately after, and approximately 90 days after
installation of the bars) may be summarized as follows:

The optical speed bars had an overall positive impact, as vehicle speeds recorded at
the 45 mph speed limit sign at the downstream end of the bars decreased for all time
periods 90 days after installation at both ends of town.

Statistically significant decreases at the eastern side of town averaged 3.3 mph, which
was a 6.1 percent decrease. At the western end of town, statistically significant
decreases averaged 9.5 mph, which was a 16.8 percent decrease.

Vehicle speeds increased for all time periods at the two stations in the center of town
90 days after installation. The average speeds of 46.6 mph westbound and 47.0 mph
eastbound, however, were only slightly above the posted 45 mph speed.

It cannot be concluded that motorists became accustomed to the bars and therefore
increased their speeds after a period of time. Speeds increased between initial
installation and approximately 90 days after installation at the end of the speed bars
on the eastern side of town but decreased at the end of the bars on the western end.
Speeds increased 90 days after installation at the two stations in the center of town;
however, because of the distance between the bars and the location of the count
stations, it is questioned whether the bars influenced the speeds at all.

Decreases in speed were generally greater for the Zuni installation, where bars

extended across the lanes, than for the Lee Chapel Road installation, where bars
extended only 18 inches from the edge and centerlines.

CONCLUSIONS

Based on the results of this study (even though limited by the number of sites) and the
reviewed literature, the following is concluded:

A flashing LED stop sign is effective in reducing the speeds of vehicles approaching
an intersection, particularly when visibility of the sign is an issue; however, the speed
reductions are likely to be small. Speed reductions are greater during dusk and
nighttime hours. Accordingly, these devices should be considered as a potential
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safety countermeasure when addressing accident problems at stop sign controlled
intersections.

e Optical speed bars are effective in reducing the speeds of vehicles approaching a
hazardous roadway section, a reduced speed zone, or other roadway/travel change
area. The reductions in speeds may be small.

e Optical speed bars that extend across the travel lane are more effective in reducing
speeds than those that just extend a short distance from the centerline or edge line.

e If thermoplastic tape is used for installation of the optical speed bars, motorists
traversing the bars experience a slight bumping effect, similar to that with rumble
strips but less pronounced and not as noisy. This experience likely enhances the
effectiveness of the bars in reducing speeds.

RECOMMENDATIONS
Flashing LED Stop Signs

1. VDOT’s Traffic Engineering Division and regional traffic engineers should consider the use
of a flashing LED stop sign as a safety countermeasure at intersections controlled by a stop
sign where the number of crashes is higher than expected. Field testing found statistically
significant speed decreases of vehicles approaching such a sign, which suggest drivers are
more aware of the stop sign and thus more prone to stop. The speed decreases may be small,
however: in the range of 1 to 3 mph. Speed decreases tended to be greater during the night
than during the day. These facts, along with the costs of installing the sign and other site-
specific conditions of the problem location, should be considered when comparing the use of
a flashing LED stop sign with the use of alternative countermeasures; i.e., a flashing LED
stop sign is one of many tools in a traffic engineer’s toolbox that may be applicable at a site
given its specific conditions.

Optical Speed Bars

2. VDOT’s Traffic Engineering Division and regional traffic engineers should consider the use
of optical speed bars as a safety countermeasure to be placed just in advance of a hazardous
area, a reduced speed zone, or another roadway/travel change area where the number of
crashes is higher than expected or where excessive speeding occurs. Field testing found
statistically significant speed decreases of vehicles at the downstream terminus of a set of
such bars, which suggest drivers are more aware of the upcoming hazard or speed zone and
thus more prone to be traveling at a recommended safe speed. The speed decreases may be
small, however: in the range of 1 to 3 mph, especially with bars that are 18 inches long and
extend from both edges of the travel lane. Speed decreases are higher when the bars extend
across the travel lane, and this configuration should be considered first. If laid out with
thermoplastic tape (and not just paint), the bars extending across the lane also produce a
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bumping sensation, similar to but less than that of transverse rumble strips but without the
noise. These facts, along with the costs of installing the sign and other site-specific
conditions of the problem location, should be considered when deciding the layout of the bars
and when evaluating optical speed bars with alternative countermeasures; i.e., optical speed
bars are one of many tools in a traffic engineer’s toolbox that may be applicable at a site
given its specific conditions.

COSTS AND BENEFITS ASSESSMENT

The purpose of installing the flashing LED stop sign was to reduce motorists’ speeds as
they approached the intersection and to improve their compliance with the stop sign. The
purpose of installing the optical speed bars was to reduce motorists’ speeds on they approached a
hazardous area (on Lee Chapel Road) or a reduced speed zone (in the town of Zuni). In both
cases, however, the ultimate objective was to reduce crashes and the possible injuries that might
result.

The research effort did not include a crash analysis as time was not available to obtain the
recommended minimum of 3 years of crash data after installation of a countermeasure.
However, a review of 3 years of crash data at the three sites prior to installation of the measures
revealed the following:

e Route 151{ 14 crashes (2003-2005) that included 7 injuries and 4 crashes caused by
drivers running the stop sign

e Lee Chapel Road: 22 crashes (2002-2004) that included 2 fatalities and 16 injuries;
excessive speed was likely a contributing factor in an August 2005 fatal crash.

e Route 460 in Zuni: 15 crashes (2003-2005) that included 1 fatality and 7 injuries.

Excessive speed is often a contributing factor in a crash; therefore, it is logical to assume
that measures that reduce motorists’ speeds can lead to a reduction in crashes. Therefore, the
following discussion is based on the supposition that since flashing LED stop signs and optical
speed bars decrease speeds, there will be crashes prevented or avoided if these measures are
installed. In an economic analysis, the costs of crashes that are prevented or avoided are
assumed to be the economic benefit of the countermeasure.

Table 7 compares the cost of installing each pilot with the estimated costs of motor
vehicle crashes of varying severity in 2006 dollars.

A benefit/cost (b/c) ratio greater than 1.0 is desirable as it shows that the savings resulting
from the benefits of a countermeasure exceed its costs. Based on the b/c ratios shown in Table 7,
it can be said (with one exception) that if even one crash is prevented by the piloted
countermeasure, then the resulting savings exceed the cost of implementation. In those cases
where severe injuries are prevented, the resulting savings can be sizeable. The exception
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Table 7. Costs and Benefits Analysis

Flashing LED Stop Sign

A. Cost of Pilot?

B. Crash Type?

C. Cost per Injury?

D. Benefit/Cost Ratio

(2006 Dollars) (2006 Dollars)? (CIA)
2210 Fatality 3,341,620 1512.05
2210 Incapacitating Injury 231343 104.68
2210 Evident Injury 46269 20.94
2210 Possible Injury 24420 11.05
2210 Property Damage Only 2570 1.16

Optical Speed Bars On Lee Chapel Road

A. Cost of Pilot
(2006 Dollars)

B. Crash Type®

C. Cost per Injury”
(2006 Dollars)?

D. Benefit/Cost Ratio
(CIA)

1800 Fatality 3,341,620 1856.46
1800 Incapacitating Injury 231343 128.52
1800 Evident Injury 46269 25.71
1800 Possible Injury 24420 13.57
1800 Property Damage Only 2570 1.43

Optical Speed Bars On Route 460 In Zuni

A. Cost of Pilot
(2006 Dollars)

B. Crash Type®

C. Cost per Injury”
(2006 Dollars)?

D. Benefit/Cost Ratio
(CIA)

15,000 Fatality 3,341,620 222.77
15,000 Incapacitating Injury 231343 15.42
15,000 Evident Injury 46269 3.08
15,000 Possible Injury 24420 1.63
15,000 Property Damage Only 2570 0.17

!Sign cost at DOT discount.

%Source: Federal Highway Administration, Motor Vehicle Accident Costs, Technical Advisory T 7570.2.,
Washington, D.C., October 31, 1994.

*The 1994 dollar amount reported in the technical advisory was inflated to 2006 dollars using the Gross Domestic
Product (GDP).

involves a crash that results in property damage only (no injuries) where optical speed bars with
a layout similar to that in the Zuni pilot are installed. In this case, six such crashes would have to
be prevented to result in a b/c ratio greater than 1.0 (6 crashes x $2,570 “savings” per property-
damage-only crash + $15,000 cost = 1.03).
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Location NB approach of Route 151 at its intersection with Route 250

Date

APPENDIX A

STOP SIGN COMPLIANCE FIELD SHEET

STOP SIGN COMPLIANCE FIELD SHEET

Time

to

Weather

Recorder

TIME

LEFT TURN
AUTOS

LEFT TURN
TRUCKS

COMPLIANCE

RIGHT TURN
TRUCKS

RIGHT TURN
AUTOS

0 to 15 minutes

FULL STOP
VOLUNTARY

FULL STOP BY
TRAFFIC

ROLLING STOP
0-3mph

BLOW THRU
>3 mph

15 to 30 minutes

FULL STOP
VOLUNTARY

FULL STOP BY
TRAFFIC

ROLLING STOP
0-3mph

BLOW THRU
>3 mph

30 to 45 minutes

FULL STOP
VOLUNTARY

FULL STOP BY
TRAFFIC

ROLLING STOP
0-3mph

BLOW THRU
>3 mph

45 to 60 minutes

FULL STOP
VOLUNTARY

FULL STOP BY
TRAFFIC

ROLLING STOP
0-3 mph

BLOW THRU
>3 mph
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APPENDIX B

OPTICAL SPEED BAR SPACING ON LEE CHAPEL ROAD, FAIRFAX COUNTY

New York Pattern Spacing

Initial Speed 65 mph
Ending Speed 30 mph
Distance 530 ft
Deceleration -6.8 ft/s?
Bar Frequency 4 bars/s

Bar No. (from-to) Distance (feet) Cumulative Distance (feet) Speed (mph)
1-2 24 24 64
2-3 23 47 63
3-4 23 70 61
4-5 23 93 60
5-6 22 115 59
6-7 22 137 58
7-8 21 158 57
8-9 21 179 56
9-10 21 200 54
10-11 20 220 53
11-12 19 239 52
12-13 19 258 51
13-14 19 277 50
14-15 18 295 49
15-16 18 313 47
16-17 18 331 46
17-18 17 348 45
18-19 16 364 44
19-20 16 380 43
20-21 16 396 42
21-22 15 411 40
22-23 15 426 39
23-24 15 441 38
24-25 14 455 37
25-26 13 468 36
26-27 13 481 35
27-28 13 494 33
28-29 12 506 32
29-30 12 518 31
30-31 12 530 30

Source: Katz, B.J. Pavement Markings for Speed Reduction. Science Applications
International Corporation, McLean, Va., December 2004.
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APPENDIX C

OPTICAL SPEED BAR SPACING ON ROUTE 460, ZUNI

Texas Pattern Spacing Westbound (Toward Richmond)

Initial Speed 65 mph
Ending Speed 45 mph
Distance 632 ft
Deceleration -3.87 ft/s
Bar Frequency 4 bars/s

Bar No. (from-to) Distance (feet) Cumulative Distance (feet) Speed (mph)
1-2 24 24 65
2-3 24 48 64
34 24 72 63
4-5 23 95 63
5-6 23 118 62
6-7 23 141 61
7-8 23 164 61
8-9 22 186 60
9-10 22 208 59
10-11 22 230 59
11-12 22 252 58
12-13 21 273 57
13-14 21 294 57
14-15 21 315 56
15-16 21 336 55
16-17 20 356 55
17-18 20 376 54
18-19 20 396 53
19-20 20 416 53
20-21 19 435 52
21-22 19 454 51
22-23 19 473 51
23-24 19 492 50
24-25 18 510 49
25-26 18 528 49
26-27 18 546 48
27-28 18 564 47
28-29 17 581 47
29-30 17 598 46
30-31 17 615 46
31-32 17 632 45
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Texas Pattern Spacing Eastbound (Toward Suffolk) use westbound spacing plus the below

Initial Speed
Ending Speed
Distance
Deceleration
Bar Frequency

65 mph
40 mph
756 ft

-3.87 ft/s®
4 bars/s

Bar No. (from-to) Distance (feet) Cumulative Distance (feet) Speed (mph)
32-33 16 648 44
33-34 16 664 44
34-35 16 680 43
35-36 16 696 42
36-37 15 711 42
37-38 15 726 41
38-39 15 741 40
39-40 15 756 40

Source: Katz, B.J. Pavement Markings for Speed Reduction. Science Applications
International Corporation, McLean, Va., December 2004.
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