
Traffic Operations 
Solutions for 

“Design” Projects



Traffic Operations

▰ Balancing:
▰ Needs of the roadway users
▰ Purpose of the roadway
▰ Safety
▰ Efficiency of the highway system
through implementation of various roadway 
features and traffic control devices

Presenter
Presentation Notes
So what is Transportation Operations?  Basically, it’s a balancing act that requires consideration of several different aspects.We have to consider the needs of the roadway users,We have to consider the purpose of the roadwayWe have to consider safetyAnd we have to consider the efficiency of the highway systemWe achieve this balance through the implementation of various roadway features and traffic control devices



Highlights

▰ Access Management
▰ Near Intersections
▰ Corridors

▰ Pedestrian Considerations
▰ Curb Extensions & Raised Crosswalks
▰ Visibility Enhancements

Presenter
Presentation Notes
Hopefully, the things I highlight this afternoon demonstrate this balancing act.The things I plan to cover include Access Management – both near intersections and along corridorsPedestrian Considerations, such as curb extension, raised crosswalks, and various visibility enhancements



Highlights

▰ Innovative Intersections
▰ RCUTs
▰ Mini Roundabouts

▰ Re-allocating available footprint
▰ Road Diets
▰ Lane Diets
▰ Offset Left Turn Lanes

Presenter
Presentation Notes
I’m going to highlight a couple of new innovative intersections that we’re pursuing in HSIP, as well as some of the ways we can reallocate the available foot print to improve the operation of a roadway.



Acess Management

▰ Controling the:

▰ location, spacing, design and operations

of:

▰ driveways, median openings, other 
roadways, traffic signals, and interchanges

that connect to a roadway.

Presenter
Presentation Notes
Let’s jump into Access Management.  In a nutshell, access management deals with controlling the:Location, Spacing, Design, and Operationsof the:Driveways, Median Openings, Other Roadways, Traffic Signals, and Interchangesthat connect to a roadway.



Access
Management

▰ Mobility vs 
Accessibility

Presenter
Presentation Notes
Why is access management important.  Because we’re always trying to find a balance between mobility and accessibility.Many times, where that balance lies depends on the function or purpose of the roadway.



▰ Access
Management 
Near an 
Intersection

EXISTING

Presenter
Presentation Notes
Here is an example of a recent HSIP project where we are proposing to implement access management near an intersection that was experiencing more crashes than we would expect.



▰ Access
Management 
Near an 
Intersection

EXISTING

Presenter
Presentation Notes
What we found was there were a considerable number of crashes associated with the entrances on the Westbound and Northbound approaches.



▰ Access
Management 
Near an 
Intersection

PROPOSED

Presenter
Presentation Notes
Our solution was to install 4 foot wide concrete barrier medians on these approaches as shown here.



▰ Access 
Management 
Near an 
Intersection

PROPOSED

Presenter
Presentation Notes
Here’s a look at the Proposed Typical Sections.  The curved, Westbound approach is the top typical.  The width needed for the standard barrier median came from narrowing some of the lanes.  The existing lanes were 11 feet wide.  There was also some truck traffic through this area.  We figured that most truck traffic would be using the “slow lane” so we took the needed width from the lanes except the slow lanes.  The other approach was a little easier.  The existing width of the opposite direction thru lanes, as well as the overall width of the dual left turn lanes were rather wide, so we were able to steal enough width from these four lanes to get the width needed for the concrete barrier median.



Acess Management

Question:

▰ What makes Access Management so effective?

Answer:

▰ Improves the mangement of Traffic Conflicts

Presenter
Presentation Notes
So, what makes Access Management so effective?Because it gives us an opportunity to better manage traffic conflicts.



Think of a single traffic 
conflict as one rock 
being thrown into a 
pond. The ripples are 
easy to see and are 
predictable.  But, if lots 
of rocks are thrown in 
at the same time, the 
ripples are hard to see 
and it is difficult to 
avoid one at the cost 
of another.

Presenter
Presentation Notes
Here’s an analogy...think of a single traffic conflict as one rock being thrown into a pond.  The ripples are easy to see and they are predictable.  But, if lots of rocks are thrown in at the same time, the ripples are harder to see and it is difficult to avoid one at the cost of another.  So, with access management we’re trying reduce conflicts when we can, but also find ways to organize the conflicts to make it easier for the roadway users to detect and interact with one another in a predictable fashion.



▰ Access
Management 
along a 
Corridor

BEFORE

Presenter
Presentation Notes
With that in mind, if we can apply Access Management along an entire corridor we the opportunity to expand the benefits.  A good example is the signalized portion of New Circle Road.  Here is a “before” shot of a portion of that corridor.  As you can see, there are a lot of access points, but also a lot of median openings.  The more common crash types were, Vehicle Entering/Leaving Entrance, Sideswipe-Same Direction, and Rear-Ends.  Not all of the sideswipes and rear-ends had anything to do with the entrances, but some of these crashes were associated with drivers having to suddenly react because someone entering or leaving an entrance did something unexpected.



▰ Access
Management 
along a 
Corridor

AFTER

▰ 10% reduction 
(all crashes)

▰ 22% reduction 
(injury crashes)

Presenter
Presentation Notes
And here is an “After” shot or that same area of the corridor.  As you can see, we basically, constructed a raised concrete barrier median making the operation of nearly all the entrances right-in, right-out.  When it made sense to do so, we left mid-block U-Turns.The results were very positive.  For the overall corridor, there was a 10% reduction in all crashes, but more importantly, there was a 22% reduction in injury crashes.



Acess Management

▰ Implementation challenge:

▰ Business Owner Concerns

Presenter
Presentation Notes
Now, I’m not going to stand up here and tell you that implementing Access Management is easy.  One of the bigger challenges is Business Owner Concerns.



Acess Management

▰ Information / Handouts developed by FHWA:

▰ A trifold brochure titled:
‘Benefits of Access Mangement’

▰ A 15 page primer titled:
‘Safe Access is Good for Business’

https://ops.fhwa.dot.gov/access_mgmt/resources.htm

Search:  “Access Management Publications FHWA”

Presenter
Presentation Notes
But, the good news is FHWA has developed several handouts, such as brochures and primers, that contain a lot of good information that may help you ease the concerns of business owners.  The two I find most helpful include a trifold brochure titled, “Benefits of Access Management” and a 15 page primer titled, “Safety Access is Good for Business”.  You can find these and other access mangement information at this web address.  Or simply do a web search for  “Access Management Publications FHWA”

https://ops.fhwa.dot.gov/access_mgmt/resources.htm


Pedestrian 
Considerations

▰ Curb Extensions
▰ Raised Crosswalks
▰ Visibility Enhancements

▰ Markings
▰ Lighting
▰ RRFBs
▰ Gateway Treatment

Presenter
Presentation Notes
Similar to how Access Management organizes traffic conflicts to make it easier for the roadway users to detect and interact with one another, the various pedestrian considerations shown here essentially do the same thing for the vehicle/pedestrian conflicts.



Curb 
Extensions

Presenter
Presentation Notes
Curb extensions have a variety of benefits.  First, they create a shorter crossing distance which reduces the exposure of the pedestrian.Second, the extension improves the sight lines between the pedestrian and driver, making each more visible to the otherThird, we typically see a reduction in the speed of turning vehicles, and to a certain extent, there is also a reduction in speed of thru vehicles.  The curb extension create a bit of side friction to the driver which provides a traffic calming effect.One last benefit, that really has nothing to do with the traffic conflicts, is the increased sidewalk space at the corner.  This space allows for the placement of benches, signing, trash receptacles, planters, light poles, or other amenities that can enhance the streetscape.



Curb 
extensions 
being 
constructed 
Downtown 
Paducah

Presenter
Presentation Notes
Here’s a photo of curb extensions being constructed in downtown Paducah, as part of an HSIP project.  This improvement will provide the benefits I previously discussed, but another big win we’ll achieve with this particular curb extension is improved sight distance for the side street around the building on the right.  The current crosswalk and stop bar location make it such that drivers have virtually no sight distance.  Once the curb extension is complete, the crosswalk and stop bar can be moved forward and drivers on the side street will have much improved sight lines.



Raised 
Crosswalks
▰ Reduces 

vehicle speeds
▰ Improves 

visibility of 
pedestrian

▰ Eliminates 
curb ramps

Presenter
Presentation Notes
Raised crosswalks have similar benefits as curb extensions.  Essentially, a raised crosswalk is like a speed table, so it helps to reduce vehicle speeds.  The ramps up to and down from the raised crosswalk are the key.  They need to be steep enough to require drivers to drive at, or slightly below, the speed limit, but no so steep that they create excessive driver discomfort. Other benefits are improved visibility of the pedestrian and the crosswalk itself.  Plus, raised crosswalks do not need ADA ramps, so people in wheel chairs are able to cross easier, but also quicker since they won’t have to contend with going up and down the ADA ramps.



Crosswalk Visibility Enhancements
▰ Longitudinal Style & Ladder Style Markings

Presenter
Presentation Notes
Both curb extensions and raised crosswalks both have visibility enhancements as a benefit.  But, there are other ways to achieve visibility enhancements. You can use the longitudinal style or ladder style markings to improve visibility of the crosswalk.  Studies have shown that using these type of crosswalk markings can reduce vehicle/pedestrian crashes by 20-40%.



Crosswalk 
Visibility 
Enhancements
▰ Lighting

Presenter
Presentation Notes
For better nighttime visibility, lighting of the crosswalk can provide big benefits.  Some studies have shown 40-80% reductions in vehicle/pedestrian collisions at night.  But, it’s key to make sure you place the lighting in the correct locations. Basically, you want the luminaire to light up the side of the person facing the oncoming vehicles.  So, in this example, there is luminaire just to the east of the crosswalk for the westbound direction, and another luminaire just to the west of the crosswalk for the eastbound direction.



Crosswalk Visibility Enhancements
▰ Retangular Rapid Flashing Beacons (RRFBs)

Presenter
Presentation Notes
Another crosswalk visibility enhancement is the use of Rectangular Rapid Flashing Beacons.  Studies have shown that use of an RRFB can substantially increase driver yielding compliance at crosswalks.  In some instances yielding changed from 18% compliance before to 88% yielding compliance after.



Crosswalk Visibility Enhancements
▰ the Gateway Treatment

Presenter
Presentation Notes
Another enhancement that has also shown to greatly increase driver yielding compliance is know as the Gateway Treatment.  This treatment has been recently used quite a bit in Michigan.  What they found was this treatment generated driver yield compliance rates between 50-90% depending on the situation, with 80% yielding compliance as the overall average.  If you search for “Gateway Treatment Michigan,” you can find a lot of great info on this new treatment.



Innovative 
Intersections

▰ Reduced Conflict U-Turn – RCUT           
(aka Restricted Crossing U-Turn)
▰ Very High Safety Benefits
▰ Moderate Cost
▰ Little to No Impact on LOS

(sometimes improves LOS)

Presenter
Presentation Notes
So let’s move into a discussion about innovative intersections.  One of my favorites is the Reduced Conflict U-Turn or RCUT, for short.  It is also know as the Restricted Crossing U-Turn, but I like using Reduced Conflict, as this term has a more positive spin to it.The RCUT is one of those intersection types that seems to be too good to be true.  It has very high safety benefits, implementation costs are moderate, and they have little to no impact on the Level of Service of the overall intersection.  In fact, they sometimes reduce delay, thereby improving LOS.



RCUT Operations
▰ Mainline traffic interacts the same as a conventional intersection
▰ Side street left turns and thrus are redirected to a U-Turn

Presenter
Presentation Notes
Essentially, an RCUT is a traffic control device.  What do I mean by this?  Well, by strategically placing channeling islands, we are able to control how side street traffic interacts with this intersection.  I say side street traffic, because the design of an RCUT is such that mainline traffic interacts the same as a conventional intersection.  It is the side street left turn and thrus that are controlled by this intersection.  For these movements, drivers must first turn, right and then make a U-Turn a short distance down the mainline.



Safety Improvements 
of an RCUT

▰ Crash Reductions (Rural)
▰ 30-40% reduction of all crashes
▰ 40-60% reduction of injury crashes
▰ 80-100% reduction of serious injury and 

fatal crashes

Presenter
Presentation Notes
One of the biggest reasons I am such a fan of the RCUT intersection is because of the safety benefits that it generates.  They have proven to be very effective in the rural setting, where on average we tend to see a 30-40% reduction of all crashes, a 40-60% reduction of injury crashes, and an 80-100% reduction of serious injury and fatal crashes.



Safety Improvements 
of an RCUT

▰ Conflict Points
▰ Conventional Intersection:
▰ RCUT:

Presenter
Presentation Notes
What is it about the design of an RCUT that causes it to have these safety benefits?First off, let’s look at the number of conflict points of an RCUT compared to a conventional intersection



Presenter
Presentation Notes
A conventional intersection has a total of 32 conflict points, with 16 of those points being of the crossing type.  Keep in mind that crossing conflicts are the type that tends to be more likely for producing the serious injury and fatal crashes.



Presenter
Presentation Notes
An RCUT intersection has a total of 18 conflict points, with only 2 of them being crossing conflicts.



Safety Improvements 
of an RCUT

▰ Conflict Points
▰ Conventional:  32 Conflict Points
▰ RCUT:  18 Conflict Points

▰ Simplified operation
(i.e. lower driver workload)

Presenter
Presentation Notes
The reduction in conflict points is obviously a reason for the crash reductions we see at an RCUT.  But, another reason safety is improved is because how the side street interacts with the main line is simplified.  Essentially, the operation of an RCUT puts less workload on the driver.  What do I mean by that?  Let’s go back to the graphic that show the paths the side street takes.



RCUT Operations for Side Street Traffic
▰ Thru and left turning traffic must execture a two stage movement to 

enter the flow of mainline traffic

Presenter
Presentation Notes
Because all side street traffic must make a right, they only have to look for a gap in one direction.  After they’ve made the right turn, they travel to the U-Turn lane, where again, they only have to look for a gap in one direction.  Essentially, the RCUT forces thru and left turning side street traffic to make a two stage movement.



Presenter
Presentation Notes
Here is a picture of the second RCUT that we have constructed in KY.  It’s down in Knox County on US 25E.



Presenter
Presentation Notes
Here is another picture that gives a little better close up of the main intersection.



Innovative 
Intersections

▰ Mini Roundabout
▰ Similar Benefits as traditional 

Roundabouts
▰ Smaller Footprint
▰ Less Cost (sometimes much less)

Presenter
Presentation Notes
Another innovative intersection I’d like to highlight is the Mini Roundabout.  Essentially, the mini roundabout has similar benefits as the traditional roundabout, it just has a smaller footprint, which means it costs less....sometimes much less.  Some agencies are finding that they can implement 3-4 mini roundabouts for the cost of 1 traditional roundabout.  The biggest cost savings are achieved by being able to either avoid, or have greatly reduced ROW and Utility impacts.



Mini Roundabouts

▰ Operational benefits
▰ Less delay
▰ Traffic calming
▰ Access management

▰ Improved Safety
▰ Crash rates tend to be 30% less than 

signalized intersections

Presenter
Presentation Notes
In terms of benefits, mini-roundabouts, just like traditional roundabouts, come with operational benefits, such as less delay since they are essentially a yield controlled intersection.  They also tend to calm traffic, especially when the mainline didn’t have any type of traffic control and was a free-flow movement before.  Mini roundabouts can also be used to help with access management strategies, depending on how far back along the approaches you construct the splitter islands.  While mini roundabouts have not been used for very long in the US, they have been used quite a bit in Europe, where they’ve found that crash rates at mini roundabouts tend to be about 30% less than crash rates at signalized intersections.  The traffic calming effects are part of the reason why mini roundabouts tend to improve crash rates, but if we compare the conflict points of a roundabout and a conventional intersection, we find this is the most likely reason for such good safety performance.



Presenter
Presentation Notes
I showed this earlier, but I’ll show it again to remind everyone that a conventional intersection has a total of 32 conflict points.  Again, note that 16 of those points are the crossing type which tend to be the conflict type that is more likely to produce the serious injury and fatal crashes.



Presenter
Presentation Notes
Here’s the conflict diagram for a Mini Roundabout...it has a whopping total of 8 conflict points with none of them being of the crossing conflict type.  In my mind this is the biggest reason why any roundabout – mini or traditional – has such good safety performance.



Mini Roundabout      
Design Features:
▰ Inscribed circle dia. is 

typically 90’ or less
▰ Central island has a 

mountable design
▰ Splitter islands are 

mountable or are 
painted flush

Presenter
Presentation Notes
When it comes to mini roundabouts, here are some of the unique design features.First off, the inscribed circle diameter is typically 90 ft or less.  By less, you can go down to whatever you need to avoid ROW impacts, but keep in mind that the purpose of the circle is to create deflection for passenger cars.  With that in mind, 40 ft might be about the smallest inscribed circle you’d ever want to use.  Much less than this and you may not create enough deflection.The central island has a mountable design, typically made of concrete with a 3-4 inch height.The splitter islands are also mountable, or they are painted flush.The reason the central island and splitter islands are design this way is so that larger vehicles, such as trucks, can off-track across them.



Mini Roundabout          
Moon Rd at Bemis Rd      
(south of Ann Arbor, MI):
▰ ICD = 80’
▰ Splitter lengths = 75’
▰ ADTs:

▰ Moon = 6,700
▰ Bemis = 6,300

▰ Moon SL = 50 mph
▰ Bemis SL = 55 mph
▰ Cost = $325,000
▰ ROW Impacts: Temp 

Easement only

Presenter
Presentation Notes
Here is an example of a successful implementation of a Mini-roundabout near Ann Arbor, Michigan.  Previously, this was a 4-way stop, but during peak hour, traffic would experience excessive queuing and delays.  This was the 7th mini roundabout installed by Washtenah County.  All 7 have been on roads with relatively high speed limits and they have considered them a success.  Other states, such as Georgia, are implementing mini roundabouts in rural areas.  In other words, don’t think that a mini roundabout only belongs at a low volume, low speed intersection.  These intersections have been successful in a variety of places.



Re-allocating 
Pavement Width

▰ Road Diets

▰ Lane Diets

▰ Offset Left Turn Lanes

Presenter
Presentation Notes
The last few items I’m going to highlight deal with re-allocation of existing pavement width.  



Road Diet
▰ Typically invovles converting a 4-Lane undivided roadway to a      

3-Lane roadway with a two-way left-turn lane and bike lanes

Presenter
Presentation Notes
I’m sure most everyone is familiar with Road Diets, but in case not, a road diet typically involves converting an existing 4-Lane undivided roadway to a 3-Lane roadway consisting of a single thru lane in each direction, a center two-way left-turn lane and bike lanes.



Road Diets

▰ Benefits
▰ Lower Operational Speeds
▰ Improves Safety Performance
▰ Improves Lane Use Efficiency
▰ Small Impact to Travel Times

(may improve travel times)

Presenter
Presentation Notes
The benefits of a Road Diet include:Lower operational speeds, which is likely one of the reasons why Road Diets tend to improve safety performanceRoad Diets also improve lane use efficiency.  Depending on the amount of turning traffic, road diets either have a small impact to travel times, or they may actually improve travel times.



Road Diets

▰ Safety Benefits
▰ 19-47% reduction in total crashes
▰ Crash types most improved:

▰ Rear-ends, Opposing Left-turns, 
and Angles

▰ Fewer lanes for pedestrians to cross
▰ $0 Cost when planned with resurfacing

Presenter
Presentation Notes
Here’s a closer look at the safety benefits.Total crashes can be reduced between 19 to 47%The crash types that are most improved are Rear-ends, opposing left-turns, and angles.  The center turn lanes is most likely why these crash types are most improved, since all of these crash types have a strong tie to turning vehicles.The last safety benefit I want to point out, which we sometimes forget about is that after a Road Diet pedestrians have fewer lanes to cross, which reduces their exposure and the number of conflict points they have with vehicles.One of the great things about Road Diets is that if they are implemented during a resurfacing project, they can be implemented for no cost.  So, I urge everyone to look for those opportunities.



Re-allocating 
Pavement Width

▰ Lane Diets
▰ Narrowing Lane Widths to Add an 

Additional Lane (typically a TWLTL)
▰ Narrow Lanes = Traffic Calming
▰ Improves Safety Performance
▰ Improves Efficiency & Travel Time

Presenter
Presentation Notes
The next concept I’ll discuss is what I’m calling a Lane Diet.  This is when you narrow the existing lane widths to add an additional lane.  Typically, the additional lane that is added is a center two way left turn lane.  Just like a Road Diet, a lane diet can calm traffic by lowering operations speeds.  It also improves safety by removing the turning traffic from the fast lane.  Overall, this improves efficiency and reduces travel time. Unlike a Road Diet, these opportunities aren’t as frequent, but that doesn’t mean they’re not out there.



Lane Diet
▰ US 231X in Bowling Green
▰ 52 ft curb to curb – four 12 ft lanes & a 4 ft flush median

Presenter
Presentation Notes
A good example is a short stretch of US 231 Business in Bowling Green.  As you can see, we have a 4 Lane Section with a relatively small flush median.  This view doesn’t show a lot of length, but there are quite a few driveways and side streets along this stretch.



Lane Diet        
US 231X
▰ Approx. 0.6 

miles long
▰ Over 100 

crashes since 
2015

▰ Nearly all 
crashes have 
been rear-
ends

Presenter
Presentation Notes
Here’s a little more detail.  This stretch is about 0.6 miles long.  Since 2015 there have been well over 100 crashes, and nearly all of the crashes have been rear-end crashes.  As you can see, several of the rear-end crashes cluster around some of the side streets, so it seems as if we can narrow up the existing lanes enough to add a center turn lane, we have a good opportunity to have a significant reduction in these rear-end crashes.



Lane Diet – Proposed
▰ 11 ft center TWLTL
▰ 10.5 ft “fast lanes”
▰ 10 ft “slow lanes” (gutter pans provide additional width)
▰ Estimate:  $80k - $100k

Presenter
Presentation Notes
Here’s a look at what we are proposing.The typical section will consist of an 11 ft center turn lane,The fast lanes will be 10.5 ft wide, and the slow lanes will be 10 ft wide.  Normally we would have give the slightly larger width to the slow lane, but since we have gutter pans, we felt it would make more sense to give the extra half a foot to the fast lanes, since the slow lane will feel wider due to the gutter pans.The best part, is we are estimating it will only take about $85,000 - $100,000 to implement this solution.



Lane Diet to Create 
Offset Left-Turn Lanes
▰ Existing:

▰ Opposing, 12 ft    
left turn lanes

▰ Proposed:
▰ Stripe a 2 ft wide 

chevron hatch to 
create a 2 ft 
positive offset

Presenter
Presentation Notes
The next concept I’m going to discuss is taking the lane diet idea and applying it to undivided roadways with 12 ft wide opposing left turn lanes.  Essentially, in this situation, the offset is neutral.  Which, in the grand scheme of things is better than a negative offset.  But, by implementing a simple, 2 ft wide chevron hatch along the right hand side of these turn lanes, we encourage vehicles to line up toward the left hand side of their respective turn lanes, which creates a 2 ft positive offset.  This improves the sigh lines for opposing left turn traffic, which improves safety, but may also reduce delay since some drivers will feel more comfortable making a left turn due too the better sight lines.  Now, I know some of you may be hesitant reducing the lane width from 12 ft to 10 ft, but keep in mind it’s a turn lane.  Speeds will be much lower....after all, drivers will be slowing to make the left hand turn.  Further, the chevron hatch is painted flush, so should a larger vehicle need this space, they can easily driver over top of it.



Design Year = Dual Lefts; Opening Year = Offset Lefts
▰ Advantage:

▰Protected-Permitted operations until dual lefts are required
▰Less delay

Presenter
Presentation Notes
The last concept I’m going to discuss comes from a project in District 7 I had the opportunity work on as a young design engineer.  It was the widening of Leestown Rd.  Early in the design phase we decided to implement offset left turn lanes at all of the intersections, except the intersection of Leestown @ Citation.  The reason we initially thought we would NOT be implementing offset left turn lanes at this intersection was because the traffic forecast indicated that we would need dual left turn lanes.  But, after thinking about it, we realized that the dual lefts were not required right away.  We didn’t know exactly when traffic would grow to a point where dual lefts would be required, but we knew that it wouldn’t be immediately. So, we decided to hatch out the right, left turn lanes, which in effect created a positive offset and allowed us to operate the signal with a protected-permitted phase.  Essentially, this means less delay.  And if turning volumes never get high enough, we have the benefit of positive offset left turn lanes.



Questions?

Courtesy of Mr. Bean

Presenter
Presentation Notes
Questions
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