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Four categories of actuated signs and flashers are currently used in North 
Carolina.  All of the warnings depend upon detection of vehicle presence via 
inductive loops and activate flashing beacon(s) in conjunction with a static 
sign.  

Category 1 utilizes an overhead sign and flasher assembly used to provide 
drivers on the through road with a warning of vehicle presence on the minor 
road.  The system operates through loop detector activation on the side-street 
to activate the signs.  At least one loop is placed on the minor road at the stop 
bar and in some cases an additional loop is placed up to 960 feet before the 
intersection on the minor road based on location characteristics.  The system 
flashes for the duration of time a side-street vehicle is present.  
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Category 2 has an overhead sign and flasher assembly used to provide drivers 
on the minor road with a warning of vehicle presence on the major road.  The 
system operates through loop detector activation on the major road to activate 
the signs.  Detection is placed 300-1,000 feet before the intersection.  The 
location for mainline detection is selected based on speeds and stopping sight 
distances.  Depending on the location characteristics, the system flashes up to 
6-13 seconds after a mainline vehicle initially crosses the sensor in either 
direction.  Each subsequent vehicle then resets the timer.  This flashing period 
is based on the time it should take a vehicle traveling at the speed limit to clear 
the intersection after triggering the sensor.
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Category 3 operates similarly to Category 1, with the loop detector activation 
on the minor road to activate the signs.  At least one loop is placed on the 
minor road at the stop bar and in some cases an additional loop is placed up to 
1,000 feet before the intersection on the minor road based on location 
characteristics.  In this configuration, the signs and flashers are post mounted 
and located 350-975 feet in advance of the intersection.  The system flashes 
for the duration of time a side-street vehicle is present.  
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A majority of the treatment sites were selected by searching the NCDOT Spot Safety 
Program Database.  Many of the VEWF systems were completed through this 
program, which is used to develop smaller improvement projects to address safety 
and operational issues. 

Treatment sites were located in urban and rural areas with mainline approach 
speed limits ranging from 35 mph to 55 mph, although the majority of sites 
were rural, isolated, high speed facilities.  The intersection annual average 
daily traffic (AADT) ranged from approximately 3,000 to 30,000 vehicles 
entering per day.  The type of mainline facilities varied with the intersection 
geometry including two-lane at two-lane, multilane (3 -5 lanes) undivided at 
two-lane, and four-lane divided at two-lane sites.  



9

The safety estimates are provided separately by category because the 
categories demonstrated a range of effectiveness at reducing crashes.  The 
factors were calculated using the Empirical Bayes method with consideration 
for traffic increase at 67 treatment sites (excluded multi-lane undivided in EB 
method due to sample sizes). 

The results yielded a 7% (+/- 4%) reduction in total crashes, a 3% (+/- 5%) 
reduction in frontal impact crashes, a 6% (+/- 6%) reduction in injury crashes, 
and a 16% (+/- 16%) reduction in severe injury crashes.  Note that the 
Category 4 results, as well as the results for severe injury crashes for all 
categories, should be viewed with some reserve due to the small sample sizes.  
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This slide provides a graphical view of the CRFs calculated using the 
Empirical Bayes method for TOTAL crashes in Categories 1-4.  

Note that a positive CRF estimate indicates a reduction in crashes.  As shown 
in the figure, there was a noticeably greater reduction in total crashes for 
Categories 3 and 4 than Categories 1 and 2.  Category 1 actually showed an 
increase in total crashes.  
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This slide provides a graphical view of the CRFs calculated using the 
Empirical Bayes method for TARGET crashes in Categories 1-4. 
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This slide plots the percent reduction in total crashes as it relates to VEWF 
sign placement on the major road on a site by site basis.  The symbols vary by 
mainline road type and speed limits.

The results indicate the two-lane at two-lane sites with post mounted signs
generally experienced the greatest reductions in crashes.  
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The data set is comprised of 56 two-lane at two-lane intersections, 11 four-
lane divided at two-lane intersections, and 7 multi-lane undivided at two-lane 
intersections. Due to sample sizes, we were only able to compare the group of 
two-lane at two-lane intersections and four-lane divided at two-lane 
intersections in the data set.

When analyzing all two-lane at two-lane sites combined, the results demonstrate a 
reduction in crashes for all of the crash types analyzed. 

On the other hand, the combined crash analysis results for four-lane divided at two-
lane sites show no apparent reduction in crashes at these sites.  Overall, the locations 
with this intersection geometry did not experience a reduction in total, target, injury 
or severe injury crashes.
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This slide presents the number of sites with known treatment implemented after the 
VEWF treatment was installed.

Seven of 11 (64%) of the four-lane divided locations are known to have had 
additional safety countermeasures installed within several years after the VEWF was 
completed, which is an indicator that the VEWF system was not effective at these 
sites. 

The use of VEWF systems at four-lane divided at two-lane intersections may be 
more a “band-aid” treatment that does not address the root cause of crashes in this 
situation and a geometric change (i.e. directional crossover, offsetting minor road 
legs, or crossover closure) may be a more appropriate solution to address crash 
patterns likely related to gap-acceptance.  Although the number of treatment sites is 
relatively low, based on the crash analysis results and our experience with the 
treatment locations, we believe the installation of VEWF systems is not an 
appropriate treatment for most intersections with a four-lane divided roadway 
experiencing a strong frontal impact crash pattern.
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The number of available sites within each intersection configuration limited 
further study solely to the group of two-lane at two-lane intersections.  These 
are the recommended CRF estimates for installation of a VEWF system 
SPECIFICALLY at a two-lane at two-lane stop-controlled intersection.  

Certain categories of VEWF systems show more promise for two-lane at two-
lane intersections than others based on the crash analysis results.  The results 
indicate Category 3 and 4 locations generally experienced the greatest reductions in 
crashes for two-lane at two-lane intersections.  The Category 3 group shows the 
largest reduction in total, target and injury crash types.  (The Category 4 results, as 
well as the results for severe injury crashes for all categories, should be viewed with 
some reserve due to the small sample sizes.) 

It appears motorists may benefit more from the advance warning prior to the 
intersection that Category 3 signage provides.  It may be the advanced signing 
on the major road gives motorists more time to be prepared for a vehicle to 
enter from the minor road, and allows for more defensive actions such as 
taking the foot off the gas.  The use of Category 4 signing, most of which 
utilize a combination of both major road and minor road signing and detection, 
also shows promise in reducing crashes at two-lane at two-lane intersections.  



It makes sense that more benefit is achieved when providing both major and minor 
road vehicles with alerts rather than if major road only or minor road only alerts are 
provided.  We are unable to determine what impact specific combinations of signs had 
on crash reductions due to the large amount of signing variability within this category.  
There were six variations within the eight sites in this category.  Future research 
should refine Category 4 signing and determine the optimal design when using alerts 
for both approaches.
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This slide provides a comparison of the CRF estimates calculated for two-lane 
at two-lane treatment intersections with mainline speed limits of 45 mph and 
55 mph.  The results are provided for total, target, injury, and K+A injury 
crashes, regardless of category.  Approximately 77% (43 of 56) of the two-
lane at two-lane treatment sites have 55 mph mainline speed limits.  The 
percentage of sites within each category was relatively similar for both speed 
limit groups.  

The results demonstrate the two-lane at two-lane treatment sites show a 
reduction in crashes regardless of the mainline speed limit. However, the 
treatment sites with a 45 mph mainline speed limit may have been more 
effective at reducing crashes than sites with a 55 mph mainline speed limit.
The results suggest that VEWF systems may provide more benefit for 
intersections with a lower mainline speed limit, although a larger sample of 
sites with 45 mph mainline speed limits should be analyzed to validate these 
results.  Providing a warning directed at mainline motorists (in 3 of 4 
categories) in conjunction with lower mainline speed limits, may create a 
situation that gives through vehicles a split second more time to avoid vehicles 
entering the intersection from the minor road.
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This slide compares CRFs for sites where a standard flasher WAS present in 
the before period to sites where a standard flasher was NOT present in the 
before period.  The results may suggest that at sites where a standard flasher 
was present prior to VEWF, the standard flasher did not effectively treat the 
existing crash pattern.
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This is a list of items that should be addressed in future research. We are not 
able to account for all of the different location conditions and sign 
configurations (such as sign placement, message set, dynamic elements, etc.) 
in this study because of the number of variations within the data. 

It will be beneficial to determine the role each of these items play in 
improving VEWF effectiveness. These items should be investigated when 
more locations are available for analysis. 

The following slides demonstrate the variability of the treatment sites.
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This slide represents site variability for Category 1 locations.
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This slide represents site variability for Category 2 locations.
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This slide represents site variability for Category 3 locations.
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This slide represents site variability for Category 4 locations.
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This slide represents loop placement and detector timing variability for 
Category 3 locations.  Such variability was found in all Category types.
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The results suggest VEWF systems to be limited to either Category 3 or Category 4 
with major road signing in advance of the intersection at 2-lane at 2-lane 
intersections.  

That being said, the magnitude of effectiveness for VEWF systems should be viewed 
within context of other low-cost safety countermeasures available for 2-lane at 2-
lane intersections.  

Category 3 and 4 signing may have a niche at 2-lane at 2-lane intersections, but they 
are one of several low cost countermeasures used by NCDOT to treat lower volume 
stop controlled two-lane at two-lane intersections experiencing severe angle crash 
patterns.  This table provides a summary of several low cost safety treatments used 
by traffic engineers to treat locations with this type of crash pattern.  The total CRF, 
Injury CRF, average cost of installation, and intersection AADT range for locations 
used in past NCDOT evaluations are provided for conversion to all way stop control, 
installation of standard overhead flashing beacons, as well as installation of each 
VEWF Category.  While installation of either category 3 or 4 VEWF may provide a 
sound reduction in total and injury crashes, conversion to all-way stop control may 
provide a bigger safety benefit at a slightly lesser installation cost for low volume 
two-lane at two-lane intersections.


