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1.0 Introduction 
 
St. Louis County Public Works Department is scheduled to repave a segment of County State 
Aid Highway No. 13 (Midway Road), starting at U.S. Highway 2 and ending at State Trunk 
Highway 194 in 2011. Midway Road is located in the City of Hermantown. The City of 
Hermantown is located within the Duluth-Superior metropolitan area. In 2009, the estimated 
population of the City of Hermantown was 9,586 people1. Midway Road is classified as a minor 
arterial. It serves as the primary route to connect Interstate 35 with the City of Hermantown and 
surrounding townships. Additionally, it also connects Interstate 35 with U.S. Highway 2 and 
U.S. Highway 53. The estimated 2011 AADT ranges from 8,800 vehicles per day in the south 
half of the segment to 7,000 vehicles per day in the north half of the segment2. Midway Road is 
constructed as a rural section with 10 feet shoulders. Figure 1 displays a map of the segment of 
Midway Road planned for construction and the location of the proposed experiment. During the 
project planning, a review of intersection crashes for this corridor was performed to identify 
potential traffic safety countermeasures that could be implemented with the construction project. 
 

 
Figure 1. Map of Project Area 
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2.0 Traffic Analysis 
 
The initial crash analysis was completed for the 10 year period of 2000 to 2009. Table 1 displays 
intersection crashes by crash severity starting with U.S. Highway 2 and ending with State Trunk 
Highway 194 in order of south to north1. It should be noted that the intersections of U.S. 
Highway 2 and State Trunk Highway 194 are controlled by a traffic signal. All other 
intersections on this segment are controlled by a two-way stop.  
 

Table 1. 2000 to 2009 Midway Rd. Intersection Crash Summary 

CRASH SEVERITY INTERSECTING 
ROAD 

K A B C N 
TOTAL 

WEIGHTED 
SEVERITY 
INDEX

A
 

U.S. 2   1 9 7 17 28 

Hermantown Rd. 1   2 3 6 12 

Maple Grove Rd.  2 3 9 21 35 56 

Jamebard Rd.   1   1 3 

West Arrowhead Rd.   1 4 6 11 17 

Hagberg Rd.     2 2 2 

Rose Rd.   1 1  2 5 

STH 194   5 7 11 23 40 

 A. See Appendix for calculation of the Weighted Severity Index.  

 
The intersection of Midway Road and County State Aid Highway No. 6 (Maple Grove Road) 
experienced the highest number of crashes for the analysis period. Additionally, this intersection 
also experienced the highest Weighted Severity Index. This suggests that relative to the number 
of crashes experienced by an intersection on this corridor, the intersection of Midway Road and 
Maple Grove Road experienced a larger number of more severe crashes than all other 
intersections. Therefore, the intersection of Midway Road and Maple Grove Road was identified 
as a candidate to implement some type of traffic safety countermeasure.  
 
The second phase of the crash analysis was to identify the predominant crash diagram. Figure 2 
displays the chart of crashes by crash diagram that occurred at the intersection of Midway Road 
and Maple Grove Road for the same 10 year period of 2000 to 2009. As indicated by the chart, 
the predominant crash diagram is right-angle crashes. A collision diagram was also completed to 
identify the pattern of the right-angle crashes within the intersection. A copy of the collision 
diagram is included in the Appendix.  
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Figure 2. 2000 to 2009 Midway Rd. and Maple Grove Rd. Intersection Crashes by Crash Diagram 

 
A turning movement count was performed at this intersection on April 8, 2010. A summary of 
the peak hour turning movement count is included in the Appendix. During the peak hour, there 
is a significant left turning movement from the east approach of Maple Grove Road. Due to the 
heavy traffic volume on Midway Road, the east approach of Maple Grove Road is currently 
experiencing an average delay of 26.5 seconds per vehicle which corresponds to a level of 
service D. See the Appendix for the Synchro report. A traffic signal warrant analysis was 
completed using the data from the 2010 turning movement count. For the year 2010, no traffic 
signal warrants were satisfied. For that year, Warrant 1A (Eight Hour Vehicular Volume – 
Minimum Volume) satisfied six of the eight hours required. Warrant 2 (Four Hour Vehicular 
Volume) satisfied three of the four hours required. A sensitivity analysis was performed to 
determine what year a traffic signal may be warranted using a twenty year growth factor of 1.2. 
From this analysis, 2018 was the first year that a warrant, Warrant 1A, was satisfied. In the year 
2020, Warrant 1A, Warrant 2 and Warrant 3 (Peak Hour Volume) were satisfied. This suggests 
there may be a 10 to 15 year window before a traffic signal or other traffic control device is 
seriously considered. In the meantime, engineering judgment supports implementing a traffic 
safety countermeasure until a change in traffic control is completed.  
 



1. NCHRP Report 500, Volume 5: A Guide for Addressing Unsignalized Intersection Collisions. 2003. 
Transportation Research Board. Washington, D.C. 
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Controlled, Rural Intersections on High-Speed Two-Lane, Two-Way Roadways. Federal Highway 
Administration.  Publication No. FHWA-HRT-08-063. 
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Figure 3 displays the existing intersection lane configuration.  
 

 
Figure 3. Midway Rd. and Maple Grove Rd. Intersection Lane Configuration 

 

3.0 Proposed Experimental Improvement 
 
St. Louis County researched potential improvements to reduce right-angle crashes. Two concepts 
were identified that by combining together have great potential to improve the intersection safety 
performance. The first concept is to implement lane narrowing on both major approaches. The 
second concept is to install converging chevrons within the traveled lanes on both major 
approaches. The following sections discuss each of these concepts and their observed 
performance.  
 

3.1 Lane Narrowing Concept 

 
At rural two-way stop controlled intersections, drivers stopped on the minor approach must be 
able to accurately estimate the available gap in the traffic stream on the major approaches. One 
of the contributing factors to right-angle crashes is due to the inability of a driver stopped on the 
minor approach to accurately estimate this gap. In this case, a driver on the minor approach may 
underestimate the “actual” gap and thereby select an insufficient gap to safely perform a turning 
maneuver resulting in a right-angle crash. Reducing vehicle speeds on the major approaches to 
an intersection has been identified as a strategy to improve intersection safety1. 
 
The first concept implements lane narrowing on both major approaches of an intersection. The 
standard lane width for a major County State Aid Highway is 12 feet. This concept reduces the 
lane width to nine or ten feet before the intersection. The objective of this concept is to reduce 
the speed of vehicles approaching the intersection on the major approaches. To enforce the 
narrow lane, this concept includes rumble strips in the center median and along the edgeline2. 
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In a research project in Iowa, an experimental traffic calming treatment reduced lane widths to 
10.0 feet to 10.5 feet with the objective to reduce vehicle speeds1. Figure 4 displays a schematic 
of the lane narrowing concept2. 
 

 
Figure 4. Lane Narrowing Concept Schematic 

 
It was reported that after the implementation of the lane narrowing concept in nine locations in 
Pennsylvania, Kentucky, Missouri and Florida, there was an average reduction in vehicle speeds 
of 3.5 mph across all locations. The average reduction in the 85th percentile vehicle speeds was 
4.5 mph across all locations. The crash analysis found an average reduction in the crash rates of 
31 percent for total crashes, 20 percent for fatal and major injury crashes, and 42 percent of 
right-angle crashes. However, there was an average increase in the crash rate for rear-end crashes 
of 54 percent. It was hypothesized that speed differential, and turning and passing vehicles were 
the reasons for this increase in rear-end crashes. Finally, a statistical hypothesis test was 
performed on the total, and fatal and major injury crash rates for all locations included in the 
study. For the 95 percent confidence level, the reduction in total crash rate was not significant. 
However, at the same confidence level, there was a significant reduction in fatal and injury 
crashes2.  
 
As with any countermeasure, there will generally be some type of side effect. However, the goal 
of the practitioner is to balance those side effects with the benefits. In the case of the lane 
narrowing concept, there was a reduction in the right-angle crash rate by 42 percent and a 
statistically significant reduction in fatal and injury crashes. It should be noted that right-angle 
crashes generally result in higher severity crashes than rear-end crashes. And in the case of the 
intersection of Midway Road and Maple Grove Road, right-angle crashes were the dominate 
crash diagram.  
 



1. Hallmark S. et. al. 2007. Evaluation of Gateway and Low-Cost Traffic-Calming Treatments for Major 
Routes in Small Rural Communities. Center for Transportation Research and Education. Iowa State 
University.  

Page 6 

3.2 Converging Chevron Pattern Concept 

 
The second concept is a converging chevron pattern. Figure 5 displays the schematic of the 
converging chevron pattern concept1. The key design of converging chevrons progressively 
decreases the distance between the chevrons and reduces the width of successive chevrons. 
When a driver traverses the converging chevron pattern, the design of the converging chevrons 
creates an illusion for the driver that the vehicle is traveling faster than it really is. As a result, 
drivers will tend to slow down their vehicle. A research project in Iowa installed converging 
chevrons on each end of a city as a gateway traffic calming treatment. The converging chevron 
pattern was designed to reduce vehicle speeds from 35 mph to 25 mph. The average speed 
reduction achieved over a 12 month period ranged from 0.4 mph to 1.3 mph for one location and 
0.7 mph to 3.0 mph for another location. In many cases, the speed reductions were statistically 
significant at the 95 percent confidence level1.  
 

 
Figure 5. Converging Chevron Pattern Concept Schematic 

 



1. Corkle J., Giese J. and Marti M. 2001. Investigating the Effectiveness of Traffic Calming Strategies on 
Driver Behavior, Traffic Flow, and Speed. Minnesota Local Road Research Board. Minnesota Department 
of Transportation.  

2. Drakopoulos, A., Vergou, G. 2003. Evaluation of the Converging Chevron Pavement Marking Pattern at 
one Wisconsin Location. AAA Foundation for Traffic Safety.  
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A research project in Minnesota also installed a converging chevron pattern and found a 
reduction in average vehicle speeds over a four year period of 1 mph to 6 mph for two directions 
of traffic. The 85th percentile speed for the same time period and travel directions was reduced by 
1 mph to 7 mph1. 
 

4.0 St. Louis County Experimental Concept 
 
St. Louis County proposes to implement an Integrated Speed Reduction Treatment for 
Intersections (ISRTI) by integrating the lane narrowing concept with the converging chevron 
pattern concept. One difference is that St. Louis County will not include rumble strips to enforce 
the narrow lanes due to noise concerns. It is hypothesized that incorporating the converging 
chevrons will enhance the speed reduction effect of the narrow lanes. The combined effects of 
the lane narrowing and converging chevron pattern is expected to effect, at a minimum, the same 
speed reduction benefit as the lane narrowing concept with the rumble strips. See the Appendix 
for the layout of the ISRTI at the intersection of Midway Road and Maple Grove Road.  
 

4.1 St. Louis County Experimental Concept Design 
 
The ISRTI will narrow both major approach lanes from 12 feet to 10.5 feet and place converging 
chevrons within the lane. The narrow lanes will result in a three feet wide median. The most 
complex aspect of creating this design was designing the converging chevrons. A method is 
available to determine the design parameters of the converging chevron pattern. This method was 
used to design the converging chevron pattern in Milwaukee, Wisconsin2.  
 
This method requires the determination of five variables to design the converging chevron 
pattern. The first and second variables are the design speed entering the converging chevron 
pattern and the design speed exiting the converging chevron pattern. St. Louis County designed 
the converging chevron pattern to reduce the speed of a vehicle from 55 mph to 45 mph. The 
third variable was to estimate a deceleration value due to braking. An initial effort to estimate 
deceleration with no braking was performed by driving a passenger vehicle at 55 mph and 
allowing the vehicle to decelerate by coasting (no brakes applied) to 45 mph over level terrain. 
For ten trial runs, the average time to decelerate was 12.3 seconds. The deceleration was then 
calculated to be 1.20 ft/sec2. A deceleration due to braking of 3.30 ft/sec2 was used for the 
Milwaukee design2. This deceleration value appeared to be too aggressive. Given the 
deceleration value of 1.20 ft/sec2 due to coasting, the deceleration value of 2.50 ft/sec2 was 
selected as a “best guess” given the relative benchmarks. The fourth variable was to identify the 
reaction time of a driver. The Milwaukee design used a reaction time of 0.5 seconds. This value 
appeared reasonable so it was used in this St. Louis County design. The fifth variable was to 
estimate the number of chevrons per second a vehicle would cross. The Milwaukee design used 
2.2 chevrons/sec. Because there were no other reference points available in the literature search, 
this value was assumed reasonable and used in the St. Louis County design. See the Appendix 
for a detail of the design calculations.  
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The first calculation was to determine the length of the converging chevron pattern which was 
calculated as 472.6 feet. The second calculation was to determine the total time for a vehicle to 
travel the design length which was calculated as 6.50 seconds. The third calculation was to 
determine the total number of chevrons required. The number of chevrons required for each 
direction was calculated as 15 chevrons with 14 spaces. From these design parameters, the 
design velocity, distance and location could then be calculated. Table 2 displays these design 
parameters of the converging chevron pattern. Chevron 1 is the first chevron a vehicle crosses 
when approaching the intersection whereas Chevron 15 is the last chevron a vehicle crosses 
before entering the intersection. The velocity is the design velocity a vehicle will be traveling at 
immediately after crossing the respective chevron. For example, immediately upon crossing 
Chevron 5, the design velocity of a vehicle will be 77.37 ft/sec, or 52.6 mph. The distance 
between the chevrons will progressively decrease from 40.4 feet when a vehicle first enters the 
converging chevron pattern to 30.8 feet. There will be a distance of 60 feet between Chevron 15 
and the near side edgeline of Maple Grove Road. The width of the chevrons will start at 32 
inches and decrease at a rate of 2 inches per chevron to a width of 4 inches.  
 

Table 2. Converging Chevron Design Parameters 

Chevron Velocity 
(ft/sec) 

Distance 
(ft) 

Location 
(ft) 

Width 
(in) 

Chevron 1 80.85 40.4 543 32 

Chevron 2 80.85 37.3 503 30 

Chevron 3 79.69 36.7 465 28 

Chevron 4 78.53 36.2 429 26 

Chevron 5 77.37 35.6 392 24 

Chevron 6 76.21 35.1 357 22 

Chevron 7 75.05 34.6 322 20 

Chevron 8 73.89 34.0 287 18 

Chevron 9 72.73 33.5 253 16 

Chevron 10 71.57 32.9 220 14 

Chevron 11 70.41 32.4 187 12 

Chevron 12 69.25 31.9 154 10 

Chevron 13 68.09 31.3 122 8 

Chevron 14 66.92 30.8 91 6 

Chevron 15 65.76 30.3 60 4 

Intersection Offset  30  

 

4.2 St. Louis County Experimental Concept Expected Performance 

 
As discussed in Section 3.1, the lane narrowing concept resulted in an average reduction of 
vehicle speeds of 3.5 mph. From Section 3.2, the converging chevron pattern appeared to result 
in a general reduction of vehicle speeds of 1 mph to 5 mph. It is unclear what effect the 
combination of lane narrowing and converging chevrons have on effect speed reduction. Based 
upon engineering judgment, it is assumed the ISRTI will effect a sustained reduction in vehicle 
speeds of 5 mph.  
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An estimate of the increase in gap time was then determined based upon this estimated reduction 
in vehicle speeds. Prior to the turning movement count, traffic counters were placed on Midway 
Road to determine the peak day to perform the turning movement count. This initial traffic count 
also provided average speed and average headway information. Using the relationship between 
flow, speed and density, the estimated increase in gap time could be determined. Two random 15 
minute time periods were selected from the initial traffic count to be used as case studies. For the 
first case, there was a volume of 305 vehicles with an average speed of 41 mph and average 
headway of 2.94 seconds. In the second case, there was a volume of 121 vehicles and an average 
speed of 44 mph and average headway of 7.38 seconds. Using the estimated speed reduction of 5 
mph, the average headway, or gap time, was increased in the first case by 0.41 seconds and in the 
second case by 0.93 seconds. See the Appendix for a detail of the gap calculations. As 
demonstrated by these two cases, the ISRTI is expected to increase gap time and therefore reduce 
the risk of a crash.  
 
A benefit/cost analysis was completed to determine if the potential increase in rear-end crashes 
outweighs the benefit of reduced right-angle crashes. Utilizing the average reduction in the right-
angle crash rate of 42 percent and an increase in the rear-end crash rate of 54 percent as crash 
reduction factors, the benefit/cost ratio was computed as 6.14. See the Appendix for a detail of 
benefit/cost analysis. It appears that ISRTI will have a significant overall safety benefit even 
with the potential increase in rear-end crashes.  
 
Finally, a review of practical advantages and disadvantages of the ISRTI was completed. Some 
advantages identified were its low cost (estimated cost is $25,000), it is non-invasive to vehicles 
or nearby residents (no bumps therefore no noise), and roadway geometrics are not altered. Some 
disadvantages identified were the inability to view the pavement markings during winter due to 
snow cover, and that the pavement markings are subject to high-wear due to winter maintenance 
activities. To reduce wear, St. Louis County will utilize ground-in pavement markings. 
 

5.0 Patent/Copyright Statement 
 
St. Louis County is not aware of any pending or current patents or copyrights on either the lane 
narrowing concept or converging chevron pattern concept.  
 

6.0 Evaluation Plan 
 
St. Louis County will commit to performing an evaluation of the ISRTI at one year, two years 
and three years from implementation. This evaluation will include a “before and after” study 
utilizing crash and speed data. The crash analysis will include a comparison of total crashes, fatal 
and injury crashes, right-angle crashes and rear-end crashes. The speed analysis will include a 
comparison of vehicle speeds on the major approaches entering and leaving the pattern. Speed 
measurements will be performed immediately (days), one month, three month, six month, one 
year, two years and three years from implementation. The speed measurements are dependant 
upon weather conditions. If there is snow covering the roadway, the traffic counters cannot be 
deployed and vehicle speeds will not be normal due to winter weather conditions. Of interest to 
St. Louis County is whether a driver adaptation effect will be observed in which drivers return to 
“normal” driving behavior over time as indicated by comparable speeds to the before period.  
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The intent to restore the experimental site will be dependant upon the findings from the 
evaluation reports. If the evaluation reports suggest an improvement in traffic safety, St. Louis 
County will continue to maintain the ISRTI perpetually into the future. If safety concerns 
directly or indirectly related to the ISRTI are identified, or a different traffic control device such 
as a traffic signal is installed, St. Louis County will restore the intersection to a condition that 
complies with the Manual on Uniform Traffic Control Devices (MUTCD). St. Louis County 
recognizes that the Federal Highway Administration has the authority to terminate this 
experimental application at anytime and will hereby comply with any such order.  
 

7.0 Conclusion 
 
St. Louis County believes ISRTI has the potential to significantly improve traffic safety at rural 
two-lane, high speed intersections. If positive findings are documented from this experiment, St. 
Louis County would urge the Federal Highway Administration and Minnesota Department of 
Transportation to consider further evaluation of this concept with the intent of identifying it as an 
approved strategy in the MUTCD.  
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WEIGHTED SEVERITY INDEX 
 
 
 
 
 
 
 
 
 

Weighted Severity Index = (K x 5) + (A x 4) + (B x 3) + (C x 2) + N 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COLLISION DIAGRAM 
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SYNCHRO REPORT 
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