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Designing Intersections Using a Safe System Approach
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• Roadway departure type crashes 
generate the most serious 
crashes. 

• Roadway departure and angle 
type crashes represent 60% of all 
serious crashes. 

n = 8,798

Source: Minnesota CMAT Serious crashes defined as incapacitating injury or fatality. 

Snapshot of the Problem in Minnesota



• Intersection of US 169 and 4th Ave SE 
(CSAH 67) in Chisholm, MN.

• Generally, meets design standards. 

• Control type is in accordance with the 
MUTCD. Side-street STOP control. 

• Experienced 2 fatal crashes in 2021. 
Both drivers pulled out into the 
intersection from CSAH 67 after 
stopping and were hit by a westbound 
vehicle on the “near side” of the 
intersection. 

Intersection Case #1



• Intersection of MNTH 194 and 
Midway Rd (CSAH 13) in Hermantown, 
MN.

• Generally, meets design standards. 

• Traffic signal system installed in 1997 
in response to a fatal crash. 

• Experienced a fatal crash in 2015. 
Driver ran the red light. 

Intersection Case #2



• Intersection of MNTH 194 and Canosia 
Rd (CSAH 98) near Hermantown, MN.

• Generally, meets design standards. 

• Control type is in accordance with the 
MUTCD. Side-street STOP control. 

• Experienced a fatal crash in 2022. 
Westbound vehicle waiting to turn left 
from MNTH 194 with other vehicles 
stopped behind. Trailing westbound 
vehicle tried to pass on the left to 
avoid hitting the stopped vehicles and 
overturned hitting on oncoming 
vehicle killing the driver. 

Intersection Case #3



Design Philosophy Questions

= Safe Design?+



Safety

Design

Standards

• Do design standards (minimums) 
equal maximum safety?

• If we are not achieving desired safety 
performance, what are the 
implications (if any) for design 
standards? 

• Is there a missing gear between 
standards and design?

Design Philosophy Questions



Source: Minnesota Traffic Safety Fundamentals Handbook, Pg. A-7



• https://vimeo.com/346982825

Safe System Approach: What is it?

https://vimeo.com/346982825


Source: FHWA Safe System Approach Flyer



Focus on opportunities to remove 
intersection conflict points. Could 

an alternative type intersection 
reduce conflict points?

Consider operating speeds 
through intersections. Can 
the operating speeds be 

reduced through geometry?

Vehicles will be operated by 
people for the foreseeable future.

Source: FHWA Safe System Approach Flyer



Principle: Death/Serious Injury is Unacceptable

Lesson: Promote and elevate the culture of a 
safe system within your agency or firm. 



• Problem: 
• If given the opportunity, drivers will avail themselves by placing themselves 

and others in an unsafe or high-risk position within an intersection.  

• Lesson:
• An absence of crash history does not equate to “safe” intersections. Look for 

opportunities to proactively reduce risk or exposure. 

Principle: Humans Make Mistakes





• Problem: 
• The human body was not designed to withstand traumatic forces experienced 

in a crash. 

• Lesson:
• Angle type crashes tend result in serious crashes. Reduce or eliminate right-

angle conflict points. 

Principle: Humans Are Vulnerable



Intersection of US 53 and CSAH 7 (Industrial Rd)

Conflict Points All Crashes Fatal/Injury Crashes

Type Number Percent Frequency Percent Frequency Percent

Right-Angle 8 27% 4 80% 3 100%

Turning 12 40% 1 20% 0 0%

Merge/Diverge 10 33% 0 0% 0 0%

Total 30 5 3

Principle: Humans Are Vulnerable



Principle: Humans Are Vulnerable

Intersection of MNTH 33 and CSAH 7 (Industrial Rd)

Conflict Points All Crashes Fatal/Injury Crashes

Type Number Percent Frequency Percent Frequency Percent

Right-Angle 8 27% 5 100% 2 100%

Turning 12 40% 0 0% 0 0%

Merge/Diverge 10 33% 0 0% 0 0%

Total 30 5 2



Principle: Humans Are Vulnerable

Intersection of US 169 and CSAH 137 (Spirit Lake Rd)

Conflict Points All Crashes Fatal/Injury Crashes

Type Number Percent Frequency Percent Frequency Percent

Right-Angle 8 27% 9 100% 6 100%

Turning 12 40% 0 0% 0 0%

Merge/Diverge 10 33% 0 0% 0 0%

Total 30 9 6



• Problem:
• There is a need to create a safe system culture in the transportation 

engineering profession. 

• Lesson:
• Need champions to promote a safe system culture for both public agencies 

and private firms. 
• Public agencies should prioritize intersection safety improvements in a 

programmatic way. Make a concerted effort to treat X intersections in the 
next Y years. 

• Private firms should intentionally incorporate a safe systems approach into 
the designs for their clients (e.g. intersections within a housing development 
or new access/intersection on a public road). 

Principle: Responsibility is Shared



• St. Louis County and MnDOT have been working in a much more cooperative and 
deliberative way. 

• St. Louis County’s approach to prioritizing and programming intersection safety 
projects.
• Intersections identified as high-risk in the County Road Safety Plan.

• Intersections with a high-crash history (greater than the critical rate). 

• Trunk Highway (TH) at County State Aid Highway (CSAH) intersections.

• CSAH at CSAH intersections.

• St. Louis County’s vision for the decade of the 2020s…
• The “decade of the J-turn”. 

• This changes the relationship between the “agency” and the “public”. 

Principle: Responsibility is Shared



• Problem:
• We don’t need to wait for crash events in order to act. 

• Lesson:
• Which is it? Crashes = Risk, No Crashes = No Risk OR No Crashes ≠ No Risk.

• Leverage a Systemic and Systematic approach to prioritizing intersection 
safety investments. 

Principle: Safety is Proactive



• St. Louis County and MnDOT have worked closely to complete Intersection 
Control Evaluation (ICE) reports.

• An ICE provides an engineering-driven process to identify the best intersection 
control based on a variety of factors. Adds context to the problem and provides 
value to the recommendation.  

• Support funding requests for the recommended projects. 

Principle: Safety is Proactive



• Problem:
• Crashes will still occur even under a “Safe System”. 

• Lesson:
• Focus on pushing the crash severity distribution (“curve”) to the lower 

severity end of the spectrum.

• Promote trade-offs between high severity and low severity conflict points. 

Principle: Redundancy is Critical



Principle: Redundancy is Critical

Source: A Study of Traffic Safety at Roundabouts in Minnesota, MnDOT

Source: US 53 at Progress Pkwy Intersection Control Evaluation Report

Which Alternative is Best?



Recent Examples

Continuous Green-T Intersection
Intersection of Rice Lake Rd (CSAH 4) and Airport Rd, Duluth, MN (2016)

Image Source: St. Louis County

Continuous Green-T Intersections
• Total crashes are reduced by 6%
• Fatal and Injury Crashes are reduced by 11%
• Rear-End, Angle and Sideswipe Crashes are 

reduced by 17%
Source: Safety Evaluation of Continuous Green T Intersections, FHWA-HRT-
16-036, 2016



Recent Examples

Single Lane Roundabout
Intersection of MNTH 194 and Midway Rd (CSAH 13), Hermantown, MN (2022)

Image Source: MnDOT

Single Lane Roundabouts
• “K” crashes are reduced by 89%
• “A” crashes are reduced by 83%
• Right-Angle crashes are reduced by 68%

Source: A Study of the Traffic Safety at Roundabouts in 
Minnesota, 2017, MnDOT



Recent Examples

J-Turn
Intersection of US 53 and MNTH 194/Lindahl Rd, Hermantown, MN (2022)

Image Source: MnDOT

J-Turn (Reduced Conflict Intersection)
• “K” angle crashes are reduced by 100%
• “K” crashes are reduced by 69%
• “A” angle crashes are reduced by 100%
• “A” crashes are reduced by 69%
• Right-Angle crashes are reduced by 70%

Source: Traffic Safety Evaluation at Reduced Conflict 
Intersections in Minnesota, 2021, MnDOT



Recent Examples

J-Turn
Intersection of US 169 and Spirit Lake Rd (CSAH 137), Mountain Iron, MN (2022)

Image Source: St. Louis County

J-Turn (Reduced Conflict Intersection)
• “K” angle crashes are reduced by 100%
• “K” crashes are reduced by 69%
• “A” angle crashes are reduced by 100%
• “A” crashes are reduced by 69%
• Right-Angle crashes are reduced by 70%

Source: Traffic Safety Evaluation at Reduced Conflict 
Intersections in Minnesota, 2021, MnDOT



Pedestrian Considerations

Image Source: MnDOT

Pedestrian and Bicycle Safety Performance 
at Roundabouts
• 57% lower pedestrian crash rate 

contrasted with comparable 
intersections

• 3% lower bicycle crash rate contrasted 
with comparable intersections

Source: An Addendum to “A Study of the Traffic Safety at 
Roundabouts in Minnesota”, 2018, MnDOT



• Intersection conflict points are king. 

• Consider speed reduction through geometry.

• Don’t lose focus of intersection context. 

• Design standards do not necessarily equal safe intersections. 

• Focus on a programmatic improvements across a regional transportation 
network. 

• Leverage Intersection Control Evaluation (ICE) studies. They help float good ideas 
to the surface and get funding. 

• You will likely encounter resistance. Don’t run from it and don’t dismiss it. Rather, 
work through it with your eye focused on a safer intersection. 

Lessons Learned



Victor Lund, P.E., PTOE
Traffic Engineer
St. Louis County, Minnesota
218-625-3873
lundv@stlouiscountymn.gov

Questions?

mailto:lundv@stlouiscountymn.gov
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