
 
 

MCDOT 
ENHANCED PARKWAY STUDY 

 
Final Report 

 
 
 
 

MCDOT Contract No. 2005-076 
Work Assignment D 

 
 
 
 

Prepared by 
 
 

 
 
 
 
 

August 2007 



 

MCDOT Enhanced Parkway Study ES-1 
August 2007  

EXECUTIVE SUMMARY 
 
STUDY OVERVIEW 
 
Long range transportation studies in the Phoenix metropolitan area have identified the need for 
non-freeway restricted access facilities able to offer significantly greater travel capacity than that 
provided by major urban arterials.  Various design and access refinement alternatives have 
been proposed to provide additional travel capacity without employing full grade-separations at 
intersections with arterial cross-streets.  These design alternatives provide the benefit of 
increases in intersection capacity while maintaining the potential for direct driveway access to 
each quadrant of the intersection.  These design alternatives have also demonstrated significant 
safety benefits over standard intersection designs.   
 
These innovative design alternatives generally focus on the provision of simple two-phase traffic 
signal operations at the intersections by eliminating the left-turn movements at the intersection 
and accommodating it elsewhere.  One of these alternatives has been used throughout the 
state of Michigan, and is commonly referred to as the Michigan left-turn (MLT) or indirect left-
turn intersection design.  The MLT design in various forms has been in use in Michigan for over 
40 years and has been applied on roadways ranging in size from four-lane divided highways to 
eight-lane divided “super arterials” in the Detroit metropolitan area. In an MLT intersection, the 
left-turn movement is accommodated through a strategically placed U-turn break in the median 
on the far side of the main roadway, as illustrated in the example of a typical MLT intersection 
provided in Exhibit ES-1. 
 
The purpose of this study is to analyze an archetypical eight-lane MLT parkway corridor design 
and compare that against a standard restricted access eight-lane arterial configuration 
composed of traditional at-grade, eight-phase signalized intersections.  Traffic operations, traffic 
delay, and general roadway capacity measures were used to assess the differences between 
the base case and the MLT.  This study also analyzed the performance of a grade-separated 
single point urban interchange (SPUI) versus an all-direction MTL design.   
 
STUDY METHODOLOGY 
 
The approach for this study was to simulate the traffic operations for a hypothetical 12-mile long 
parkway corridor consisting of a six mile high intensity development urban section, and a six 
mile lower intensity suburban area.  The high intensity urban condition consists of the following 
characteristics: 
 

• The parkway is represented as an eight-lane divided roadway between intersections, 
with intersection turn lanes commensurate with the type of intersecting roadway. 

• Major arterial intersections every mile with traffic signal control.   

• Minor arterial intersections at half-mile spacing between the major arterials with traffic 
signal control. 
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Exhibit ES-1 
EXAMPLE OF A TYPICAL MLT INTERSECTION 

• Stop controlled collector roadway intersections at quarter-mile spacing between the 
major arterials and the minor arterials.   

• The division between the high-intensity urban and suburban conditions (Mile 6 roadway) 
is represented by another eight-lane divided parkway. 

 
The lower intensity suburban condition consists of the following characteristics: 
 

• The parkway is represented as an eight-lane divided roadway between intersections, 
with intersection turn lanes commensurate with the type of intersecting roadway. 

• Major arterial intersections every two miles with traffic signal control. 

• Minor arterial intersections at one mile spacing between the major arterials with traffic 
signal control. 

• Stop controlled collector intersections at ½-mile spacing between arterial intersections. 
 

The traffic simulation was conducted using Synchro/SimTraffic, a traffic operations analysis 
software package developed by TrafficWare.  The following three general network scenarios 
represented the roadway configurations used to make the comparisons: 

Source: www.MichiganHighways.org

Source: www.Wikipedia.com
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• Base Network – A network consisting of typical at-grade signalized and stop-controlled 
intersections consistent with the Maricopa County intersection design standards for each 
intersection type.  The intersections provided exclusive left-turn and right-turn lanes 
consistent with the traffic demand, and protected left-turn movement signal timing. 

• MLT Network – All of the intersections along the main parkway were converted to MLT 
intersections.  U-turn opportunities were provided on the far side of the parkway 
intersection to accommodate the left-turn movements.  At the Mile 6 parkway-parkway 
intersection, U-turn opportunities were provided on all four legs of the intersection.  A 
median of a minimum 60 feet in width was assumed as part of the main parkway.  Such 
a median is typical for the provision of U-turn opportunities, and is required to provide 
adequate traffic operations for the U-turn movement. 

• MLT Network with a Single Point Urban Interchange (SPUI) at the parkway-parkway 
intersection – The parkway-parkway intersection was simulated with a grade separated 
SPUI, while the remainder of the intersections were MLT designs. 

The traffic flow simulation study enabled the evaluation of traffic operations, including delay, 
travel time, and number of stops on the three network alternatives.  In addition, tests were 
constructed to estimate the capacity of the Base and MLT Networks. 
 
It should be noted that access to the properties immediately adjacent to the roadway in each of 
these network scenarios is severely restricted with a SPUI but the MLT Network and Base 
Networks would allow right-turn-in and right-turn-out movements.  How the main roadway can 
be accessed in any of these concepts should to be clearly spelled out in concomitant “Access 
Management Policies” that could effect the operational characteristics or these design concepts. 
 
SUMMARY OF RESULTS AND CONCLUSIONS 
 
The following results and conclusions are based on the technical analysis conducted in this 
study.  It should be noted that the results and conclusions based on the traffic simulation 
conducted for this study may be limited to the range of conditions applied and assumptions 
made in conducting the analysis, and cannot necessarily be generalized to all possible 
combinations of conditions. 

• The capacity of the MLT EIGHT-lane divided parkway was conservatively estimated to 
be approximately 90,000 vehicles per day, or 975 to 1,025 vehicles per hour per through 
lane.   

• The capacity of the MLT Network design was estimated to be 45 to 50 percent greater 
than the capacity of the Base Network. 

• The results suggest that a six-lane MLT design should be capable of handling more 
traffic volume at signalized intersections than an 8-lane parkway with the Base Network 
design.  A four-lane MLT roadway should be capable of handling approximately the 
same volume of traffic as a six-lane Base Network design roadway. 

• The MLT Network reduced total network delay by 33 percent, vehicle stops by 21 
percent, and total network travel time by 10 percent in comparison to the Base Network 
design, assuming the Base Network Capacity traffic volumes. 

• At the MLT parkway-parkway intersection, delay was reduced by 37 percent, total stops 
by 32 percent, and travel time by 16 percent in comparison to the Base Network 
intersection design, assuming the Base Network Capacity traffic volumes. 
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• The effectiveness of the MLT network to reduce delay and travel time at traffic volumes 
75 percent of the Base Capacity levels was approximately the same as with 100 percent 
of the Base Capacity volumes in comparison to the Base Network.  At 50 percent of the 
Base Capacity volumes, the MLT Network was significantly less effective in reducing 
delay and did not reduce travel time in comparison to the Base Network due to the 
additional time spent by traffic making U-turns…suggesting there is a congestion 
threshold where the MLT becomes more effective. 

• The MLT Network was equally effective in reducing delay and travel time in both the 
high-intensity and suburban areas of the network with the Base Capacity volume 
assumptions.  The travel time reduction was higher in the suburban portion of the 
network (14 percent versus 7 percent reduction). 

• At the SPUI intersection, delay was reduced between 27 and 63 percent, and travel time 
was reduced between 22 and 41 percent in comparison to the MLT parkway-parkway 
intersection.  The SPUI was more effective at reducing delay and travel time with the 
higher traffic volumes.   

• The impact of the single SPUI on overall network travel time and delay reduction was 
isolated within one-mile of the SPUI location.  

• The introduction of the SPUI increased delay to cross street traffic attempting to enter 
the parkway at stop-controlled intersections immediately downstream of the SPUI 
location due to fewer gaps is the parkway free flow traffic. 

• The free flow of traffic through the SPUI created traffic operations issues at the opposing 
stop-controlled U-turn locations immediately downstream of the SPUI, requiring 
conversion of one of these locations to signal control. 

• The minimum midblock right-of-way requirements for an eight-lane MLT corridor are 
estimated to be approximately 200 feet assuming a 60-foot median. 

• The minimum parkway-parkway intersection ROW width with the MLT intersection with 
dual right-turn lanes is approximately 225 feet, assuming the continuation of the full 60-
foot median width through the intersection. 

• The minimum ROW requirement for the SPUI intersection was estimated to be on the 
order of 214 to 220 feet for the intersection design assumed for this study.  This 
assumed that three lanes in each direction were carried through the grade separated 
portion of the intersection, dual left-turn lanes on each approach, a single right-turn lane, 
and no through lanes on the intersection ramps. 
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1.  INTRODUCTION AND STUDY OVERVIEW 
 
Long range transportation studies in the Phoenix metropolitan area have identified the need for 
non-freeway restricted access facilities able to offer significantly greater travel capacity than that 
provided by major urban arterials.  Various design and access refinement alternatives have 
been proposed to provide additional travel capacity without employing full grade-separations at 
intersections with arterial cross-streets.  These design alternatives provide the benefit of 
increases in intersection capacity while maintaining the potential for direct driveway access for 
commercial or other use to each quadrant of the intersection.  These design alternatives may 
also provide significant safety benefits over standard intersection designs.   
 
These design alternatives generally focus on the provision of simple two-phase traffic signal 
operation at signalized intersections through the elimination of left-turn movements at the 
intersection.  The movement of traffic in the direction of the left-turn can be accommodated 
through intersection design alternatives.  One of these alternatives has a long history of 
significant application in the state of Michigan, and is commonly referred to as the Michigan left-
turn (MLT) or indirect left-turn intersection design.  The MLT design in various forms has been in 
use in Michigan for over 40 years and has been applied on roadways ranging in size from four-
lane divided highways to eight-lane divided “super arterials” in the Detroit metropolitan area.  An 
example of a typical MLT intersection is provided in Exhibit 1-1.  In an MLT intersection, the left-
turn movement is accommodated through a strategically placed U-turn opportunity through the 
median of the main roadway, as illustrated in Exhibit 1. 
 
The purpose of this study is to analyze an archetypical eight-lane MLT parkway corridor design 
alternative against a MCDOT standard restricted access eight-lane arterial base configuration 
composed of traditional at-grade, eight-phase signalized intersections.  The analysis consists of 
an evaluation of traffic operations, traffic delay, and general roadway capacity measures.  
Additionally, this study analyzed the comparative traffic operations performance of two 
alternative parkway-parkway intersection designs consisting of a grade-separated single point 
urban interchange (SPUI) and an all-direction MTL design.   
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Exhibit 1-1 
EXAMPLE OF A TYPICAL MLT INTERSECTION 

 
 

 
 
`

Source: www.MichiganHighways.org

Source: www.Wikipedia.com
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2.  GENERAL ANALYSIS APPROACH AND METHODOLOGY 
 
BASE NETWORK CONFIGURATION 
 
The general analysis approach for this study was to create a hypothetical 12-mile long parkway 
corridor consisting of two six-mile variants.  One case represents a high intensity development 
urban location, and the other represents a somewhat lower intensity suburban area.  The high 
intensity urban condition consists of the following characteristics: 
 

• The parkway is represented as an eight-lane divided roadway between intersections, 
with intersection turn lanes commensurate with the type of intersecting roadway. 

• Major arterial intersections every mile with traffic signal control.   

• Minor arterial intersections at half-mile spacing between the major arterials with traffic 
signal control. 

• Stop controlled collector or commercial access roadway/driveway intersections at 
quarter-mile spacing between the major arterials and the minor arterials.    

• The division between the high-intensity urban and suburban conditions (Mile 6 roadway) 
is represented by another eight-lane divided parkway. 

 
The lower intensity suburban condition consists of the following characteristics: 
 

• The parkway is represented as an eight-lane divided roadway between intersections, 
with intersection turn lanes commensurate with the type of intersecting roadway. 

• Major arterial intersections every two miles with traffic signal control. 

• Minor arterial intersections at one mile spacing between the major arterials with traffic 
signal control. 

• Stop controlled collector or commercial access driveway intersections at ½-mile spacing 
between arterial intersections. 

 
The general corridor roadway condition assumed for the analysis is schematically illustrated in 
Exhibit 2-1.  For discussion purposes and presentation of results, the main parkway corridor is 
assumed to run north-south, with cross streets east-west.  Major arterials are assumed to 
consist of a six-lane roadway.  Minor arterials are assumed to consist of a four-lane roadway, 
and collectors are assumed to consist of a two-lane roadway.  The parkway and all cross streets 
are assumed to provide exclusive turn lanes consistent with the type of roadway being 
evaluated.  The intersection number of lanes and lane use assumed for each type of 
intersection included in the Base Network are provided in Exhibit 2-2. 
 
MLT NETWORK CONFIGURATION 
 
The initial MLT Network configuration was established to provide a direct comparison to the 
Base Case.  Hence, the parkway and the cross streets were all assumed to have the same 
number of through lanes as in the Base Network.  Left-turn lanes at the parkway intersections 
were eliminated.  The number of lanes and lane use assumptions for the initial MLT Network 
condition are provided in Exhibit 2-3.  The MLT Network configuration consists of the following 
conditions: 
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Exhibit 2-1 
GENERAL ROADWAY SCHEME FOR THE ANALYSIS 
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Mile 11 Min

Mile 10 Maj

Mile 9 Min

Mile 8 Maj

Mile 7 Min

Mile 6 Parkway

Mile 5 Maj
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Mile 3 Maj

Mile 2 Maj

Half 10 C

Half 9 C
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Half 1 Min

Half 3 Min

Half 4 Min
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Half 7 C

Half 8 C

Suburban Area

High Intensity Area
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Maj – Major Arterial
Min – Minor Arterial
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Spacing 
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Intersection that they are metering.
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Exhibit 2-2 
BASE CASE INTERSECTION LANE CONFIGURATION, LANE USE, 

AND INTERSECTION CONTROL ASSUMPTIONS 
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Exhibit 2-3 
MLT CONDITION INITIAL LANE CONFIGURATION, LANE USE 

AND INTERSECTION CONTROL ASSUMPTIONS 
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• The parkways are eight-lane divided facilities, offset by 120-feet between the centers of 
the arterial roadways.  This provides a median of approximately 70 feet in width for the 
simulation. 

• The parkway-parkway intersection was assumed to have a directional U-turn on each 
intersection approach.  For consistency, parkway traffic was assumed to travel through 
the main intersection and then U-turn and right-turn to accomplish the left-turn 
movement.  A grade separated single point urban intersection (SPUI) was selected as a 
design alternative to be tested for the parkway-parkway intersection.  The through traffic 
movement on the SPUI ramps at the cross street was not allowed in order to provide the 
most efficient SPUI traffic operations. 

• Dual right-turn lanes were assumed on all approaches of the parkway-parkway and 
parkway-arterial intersections to accommodate the high left-turn and right-turn volumes 
assumed in the Base Case. 

• Single right-turn lanes on all parkway-minor arterial and parkway-collector intersection 
approaches.   

• Directional U-turn opportunities were placed in the parkway median adjacent to the cross 
street intersections.  The following characteristics were assumed for the directional U-
turn location, number of turn lanes, and traffic control for each cross street type: 

o 660 feet from major arterials, dual turn lanes, traffic signal controlled. 

o 660 feet from minor arterials, dual turn lanes, stop controlled.  This condition was 
initially configured with only a single turn lane with a stop control, but the initial U-
turn and parkway volumes were too large to be accommodated with the single 
lane.  The options were to signalize the U-turn location or add another turn lane.  
The latter was found to function adequately under the initially assumed volumes 
from the Base Case, and was selected for the initial MLT configuration. 

o 400 feet from collectors, single turn lane, stop controlled. 

Link distances are measured from the center of the intersection. 

 
SINGLE POINT URBAN INTERCHANGE (SPUI) CONFIGURATION 
 
A schematic diagram of the assumed SPUI configuration is provided in Exhibit 2-4.  The SPUI 
configuration was assumed such that the through movement on the main parkway is grade 
separated and does not pass through the signalized intersection.  Only three through lanes in 
each direction are carried through the intersection as one lane in each direction becomes an 
exit ramp.  Dual left-turn lanes are provided on each approach, with a single right-turn lane.  
There is no through movement from the ramp across the cross street, which provides for the 
most efficient operation of a SPUI as this eliminates a signal phase, simplifying signal operation.  
Overall, this configuration provides a relatively compact, efficient intersection design. 
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LEGEND
Number of 
Lanes and
Lane Usage

Signalized
Intersection

TRAFFIC ANALYSIS METHODOLOGY 
 
The analysis of traffic operations was conducted using the Synchro/SimTraffic software package 
developed by TrafficWare, Corporation.  Synchro is a deterministic traffic operations, and traffic 
signal timing optimization software package.  Synchro implements the methods of the 2000 
Highway Capacity Manual for urban streets, signalized intersections, and unsignalized 
intersections.  In addition to calculating capacity and level of service, Synchro can also optimize 
traffic signal cycle lengths, splits, and offsets for intersections along a corridor. 

 
Exhibit 2-4 

ASSUMED SPUI CONFIGURATION FOR THE 
PARKWAY-PARKWAY INTERSECTION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
SimTraffic is companion micro-simulation software to Synchro.  SimTraffic uses the Synchro 
data entry and the traffic signal timing generated by Synchro to create a stochastic micro-
simulation of the entire roadway network under consideration.  Each vehicle entering the 
network is tracked individually, and the traffic operations metrics are generated by compiling the 
individual vehicle information along each segment of the roadway.  SimTraffic also creates an 
animation of the network showing each vehicle’s journey and interaction with other vehicles.   
 
For this analysis Synchro was used for creating the network to be evaluated, data entry, and 
traffic signal optimization.  Due to the complex nature of the traffic movements through the MLT 
network, SimTraffic was used to evaluate the traffic operations metrics and report the system 
performance of the alternatives.  The simulation of each condition was executed five times using 
different random number seeds for each execution.  The results of the five simulations were 
compiled and averaged to represent the final results for comparison of the alternatives being 
evaluated. 
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SimTraffic assumes random arrivals of vehicles on the first roadway segment entering a 
network.  From that point on, vehicle arrivals at intersections are dictated by the traffic signal 
timing of upstream signals and the vehicle travel speeds on the network.  Typically, random 
arrivals of vehicles at an intersection will result in higher estimates of vehicle delay than with a 
condition where arrivals are metered by upstream signals in a coordinated signal system.  
Therefore, in order to reduce the effects of random intersection arrivals on the analysis, entry 
intersections were used on each of the parkways and major arterials.  The entry intersections 
are the first intersection encountered by traffic on these roadways in the simulation, thus 
eliminating the random arrivals at the next downstream intersection.  Entry intersections were 
assumed to be one-half mile upstream of the parkway intersections.  The locations of the entry 
intersections are also provided in Exhibit 2-1.  The delay and traffic operations conditions at 
these entry intersections were not included in the performance metrics for the analysis of 
alternatives. 
 
The parkway corridor in the MLT condition was simulated as two parallel one-way streets.  This 
allows for proper simulation of the presence of the median and the directional median U-turns.  
In addition, it provides better simulation of the major signalized intersections. 
 
TRAFFIC VOLUMES 
 
Traffic volumes for the Base Network condition were established to represent peak-hour 
operational LOS D and LOS E (capacity) conditions along the simulated corridor at each 
intersection.  The idea was to approximate the limits of the conventional corridor design to 
accommodate traffic demand.  The Base Network Capacity traffic volume limits were estimated 
through an iterative process, which consisted of the following steps: 
 

1. Estimate initial approach volumes for each intersection. 

2. Estimate initial turn percentage for each intersection approach for left and right-turns. 

3. Optimize traffic signal timing using Synchro. 

4. Use Synchro analysis to estimate levels of service for each approach by movement. 

5. Review Synchro LOS estimates by approach and by movement. 

6. Adjust approach volumes and turn movement volumes (or percentages) to minimize the 
occurrence of LOS F (forced flow) by movement.  No approach was allowed to operate 
at LOS F, but some individual turn movements were allowed to operate over the 
minimum threshold of LOS F.   

7. Balance the demand volumes for each intersection so that the arrivals by approach 
equal the departures from the upstream intersection.  This process eliminates the 
appearance of vehicles between intersections in the SimTraffic simulation and thereby 
eliminates one common source of “denied entry” vehicles in the simulation process.  A 
“denied entry” vehicle is not allowed on the simulated network due to congestion 
blockage at the entry location.    

8. Repeat Steps 5, 6 and 7 until the Synchro LOS estimates for each intersection are LOS 
D or LOS E. 

9. Simulate the resulting volumes using SimTraffic and make sure that the demand 
volumes do not cause the simulation to fail due to lane blockages in the simulated traffic 
conditions. 
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The process described above was used to establish the Base Capacity volumes for the Base 
Network.  These volumes were used as the initial volumes for the MLT Network.  The capacity 
limits for the MLT Network were estimated using this same basic iterative process of adjusting 
the traffic volumes, but the SimTraffic estimates of total delay were used to estimate the 
resulting levels of service on the network.  Note that for the MLT Capacity volumes, only the 
main parkway through volumes were increased, while cross street volumes and turn 
movement volumes were held constant.   
 
SIMULATION OF AN MLT INTERSECTION 
 
SimTraffic is a sophisticated and powerful traffic simulation tool that is capable of precisely 
recreating most intersection designs and traffic signal control concepts in the simulation 
environment.   SimTraffic is capable of simulating an MLT intersection with sufficient accuracy to 
provide a valid comparison for this study.  However, the simulation does not precisely recreate 
the left-turn maneuvers through the intersection in one minor detail, as is described below. 
 
Ideally, the simulation would assign individual left-turn vehicles through an MLT intersection as 
illustrated in Exhibit 2-5, in which case the simulation would assign vehicles between the three 
node combinations A-C-D and B-C-D.  SimTraffic is capable of assigning vehicles only in two 
node combinations.  Through the use of Synchro’s Link Origin-Destination Volumes matrix, the 
correct number of left-turn vehicles traveling between points A-C and B-C in Exhibit 2-5 can be 
assigned from the total through volume at A and the total right-turn volume at B, respectively.  
Therefore, the vehicles are simulated as coming from the correct origin nodes A and B. 
 
The correct number of U-turn vehicles in the C-D node combination turning right (200) and 
going through (150) the intersection at D can also be assigned, but the simulation randomly 
selects individual vehicles for the right-turn and through movements at D based on the 
proportion of these movements to the total U-turn volume at C, e.g., 150/350 and 200/350.  
Therefore, some vehicles from A that are supposed to turn right at D will go through, and some 
vehicles that are supposed to go through at D will turn right, but the number of right-turns and 
through movements at D resulting from traffic making the U-turn at C will be correct.  The 
remaining right-turn traffic needed to make up the total number of right-turns at D are randomly 
assigned from the additional traffic approaching D. 
 
The overall impact of this minor imperfection on the estimates of delay and vehicle stops in the 
simulation is considered negligible as the total number of vehicles making each movement at 
each intersection is correct and unaffected by this limitation.  This procedure was demonstrated 
to the project Technical Advisory Committee at a meeting held on April 17, 2007 where a 
simulation for a small MLT network was presented  
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Exhibit 2-5 
ACCOUNTING FOR LEFT-TURN MANUEVERS THROUGH AN MLT INTERSECTION 

 
 

A

150 Left-turns

150

150

200 Left-turns

200

200

C

BD
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TRAFFIC SIGNAL TIMING FOR THE ANALYSIS AND COMPARISON OF ALTERNATIVES 
 
As a method of providing a non-bias assessment and comparison of alternatives, Synchro was 
used to optimize traffic signal parameters for the simulations.  Traffic signal cycle length, 
intersection splits, and offsets were optimized.  The intersections along the main parkway 
corridor were assigned to the same zone for optimization of the cycle lengths and offsets.  This 
provided the best condition for maintaining traffic progression along the main parkway as the 
entry intersections were not included in establishing the cycle lengths and offsets along the 
parkway.  All of the intersections along the main parkway operated on the same cycle length, 
including the signalized U-turn locations. 
 
In general, Synchro’s signal timing algorithms tend to favor the highest traffic demand roadway, 
in this case the parkway, in establishing signal timing.  The systemwide metrics used by 
Synchro may produce signal timings resulting in LOS F conditions on the cross street, if this 
reduces overall delay.  The animation generated by the simulation and Synchro/SimTraffic 
congestion parameters were reviewed to determine whether the optimized signal timings were 
resulting in what was considered unreasonable cross street congestion (for example, LOS F 
with over 150 seconds of delay per vehicle).  In such cases, the signal timings were adjusted to 
provide more efficient cross street traffic operations.  These and other efforts were made to 
provide the most efficient and realistic traffic operation possible with the demand volumes used 
in the analysis.   
 
For the Base Network, all left-turn phases were protected only and were assigned as “lead” left-
turns.  SimTraffic default parameters for minimum headway, turn speed, and start-up delay were 
set to maximize left-turn lane throughput to provide the most efficient Base Case traffic 
operations possible.  Minimum green times for pedestrians were not considered in the analysis, 
and pedestrian traffic was not included in the simulation of alternatives.  
 
Traffic signal change plus clearance interval time was estimated for each intersection type 
based on the size of the cross street and the assumed intersection approach speeds for each 
roadway type.   The equation for calculating the signal change plus clearance interval time 
presented in the Institute of Transportation Engineers, Traffic Engineering Handbook1 was used 
for these calculations.  The resulting times were rounded to the nearest half second for use in 
the traffic analysis.   
 
Signal timing at signalized U-turn locations was coordinated with the downstream traffic signal.  
Offsets were optimized to provide good progression and to allow efficient movement of the U-
turn.   
 
PERFORMANCE AND ANALYSIS METRICS 
 
The primary performance metrics for this analysis are total delay (vehicle hours), delay per 
vehicle (seconds per vehicle), total stops, stops per vehicle, and total travel time in the 
system as measured and compiled by the SimTraffic program.  These primary metrics were 
summarized for the system as a whole and for individual intersections by intersection approach.  
The system consists of all roadway elements in the simulation excluding the entry intersections 
and entry intersection approaches.   The total number of vehicles entering the network was 

                                                 
1 Institute of Transportation Engineers, Traffic Engineering Handbook, 5th Edition, 1999, page 481. 
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used as a comparison between alternatives to ensure that the performance metrics were 
developed based on the same level of vehicular activity on the network.  The following 
definitions are provided for clarity: 
 

• Delay – SimTraffic calculates delay as the difference between the simulated travel time 
over a defined link distance and the “time it would take the vehicle with no other vehicles 
or traffic control devices” present.   

• Total delay is the sum of the delay for each vehicle in the simulation. 

• Delay per vehicle is the total delay divided by the total number of vehicles. 

• Simulation volume is the number of vehicles counted as in the system for the 
simulation.  This number will differ slightly for each random simulation, even when the 
same input volumes are specified.   

• Additional travel time is the time spent by left-turn vehicles traveling through the MLT 
intersection with no other vehicles present.  The additional travel time is not computed 
by SimTraffic, but is exogenously computed as the travel distance divided by the input 
link travel speed (ft/sec).   The additional travel time plus the delay to the left-turns in the 
MLT intersection is used to approximate the total delay for the MLT condition for the left-
turn movements. 

• Total stops is a count of vehicle stops by SimTraffic.  Whenever a vehicle’s speed 
drops below 10 ft/s, a stop is added.  A vehicle is considered moving again when it 
speed reaches 15 ft/s. 

• Stops per vehicle is calculated by SimTraffic by dividing the number of stops by the 
number of vehicles in the system.   

• Travel time is a total of the time each vehicle was present in the simulation area.  Travel 
time in SimTraffic includes time spent by vehicles denied entry to the system.  Due to the 
traffic balancing procedure used to generate the input volumes for the simulation, denied 
entry vehicles were not a factor in the travel time estimations. 

• Total vehicles entering network is the number of vehicles on the simulation network 
during the simulation, excluding entry intersection vehicles that do not travel on an 
approach to an intersection on the main parkway.  Each vehicle is only counted once.    

 
 A methodology was devised to provide a comparison of the Base Network intersections to the 
MLT network on a movement by movement basis.  This was particularly useful in evaluating the 
impacts of the MLT Network on the left-turn and through movements at major signalized 
intersections.  The process is illustrated through a series of exhibits.  Exhibit 2-6 shows a 
standard intersection from the Base Case and identifies each approach movement by a number 
designation, and shows the same numbered movements in an associated MLT intersection.  
The numbers indicate how each movement tracks through the intersection.  Reference letters 
are used to identify the individual movement locations within the MLT scheme.  Exhibit 2-7 
shows how data from a SimTraffic simulation of the standard intersection were compared to the 
MLT intersection by movement, by location within the intersection, and for the intersection 
scheme as a whole.   
 
The detailed delay comparison provided in Exhibit 2-7 was applied at the following sample of 
intersections from the corridor simulation: 
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• Parkway – Parkway intersection 
• 4 Parkway – Arterial intersections (2 from the higher intensity area, and 2 from the 

suburban area). 
• 4 Parkway – Minor Arterial intersections (2 from the higher intensity area, and 2 from the 

suburban area). 
• 4 Parkway – Collector intersections (2 from the higher intensity area, and 2 from the 

suburban area). 
 
In addition to the detailed analysis of the sample of intersections, a corridor summary of delay 
for each intersection approach is provided.  Exhibit 2-8 is an illustration of how these data were 
prepared to provide an overview of traffic operations along the corridor.  Exhibit 2-9 illustrates 
the manner in which other summary statistics were prepared for the analysis. 
 
ALTERNATIVE ANALYSIS SCENARIOS 
 
Six alternative analysis scenarios were developed for this study to test various traffic operations 
characteristics of the corridor.  The following provides a description of these scenarios and how 
they were used by the study: 
 

1. Base Network Capacity Volumes (Base Capacity):  The Base Network is the network 
with the conventional intersection and corridor configuration described above.  The traffic 
volumes were adjusted to provide traffic operations at or near capacity (LOS E, 55 to 80 
seconds of delay per vehicle by approach) as defined by the 2000 Highway Capacity 
Manual for as many of the intersection approaches as practical while maintaining 
balanced intersection volumes between intersections.  This scenario was used to define 
what approximates the maximum traffic volume capability of the corridor with the base 
network, approximating peak-hour traffic operations, and to compare this condition to the 
MLT Network, and the MLT Network with a SPUI for the parkway-parkway intersection.  
Three network simulations were conducted for comparison using the Base Capacity 
volumes: 

• Base Network 
• MLT Network 
• MLT Network with SPUI  

 
2. 50 Percent Base Capacity Volumes (50 Percent Base):  The Base Capacity volumes 

for each intersection approach and movement were factored to represent 50 percent of 
the Base Capacity volumes.  This scenario was used to assess whether the MLT design 
was    more or less effective at lower traffic volumes of off-peak hours. Three network 
simulations were conducted for comparison using the 50% Base Capacity volumes: 

• Base Network 
• MLT Network 
• MLT Network with SPUI  
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Exhibit 2-6 
COMPARISON OF TRAFFIC MOVEMENTS THROUGH A 

STANDARD INTERSECTION AND AN MLT INTERSECTION 
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Movement Movement #
Simulation 

Volume

Delay / 
Vehicle 
(s/veh)

Total Delay 
(veh-hr)

EBL 1 255 314 21.2
EBT 2 632 77 13.4
EBR 3 321 24 2.1
WBL 4 117 239 7.5
WBT 5 864 280 65.7
WBR 6 748 65 13.3
NBL 7 562 144 22.1
NBT 8 1,572 162 69.6
NBR 9 176 141 6.8
SBL 10 702 592 111.3
SBT 11 1,065 239 70.7
SBR 12 244 183 12.4

TOTAL  7,258 210 416.1

Delay / Vehicle by Movement by Location (seconds)

Movement Movement #
Simulation 

Volume A B C D E F G H I J K L

Additional 
Travel 

Time (s)
Total Delay 

(veh-hr)
EBL 1 252 14 25 28 30 20 117 8.2
EBT 2 613 5 30 35 6.0
EBR 3 318 28 28 2.5
WBL 4 119 53 35 9 15 20 132 4.4
WBT 5 873 49 6 55 13.3
WBR 6 754 53 53 11.2
NBL 7 573 23 25 35 9 15 20 128 20.4
NBT 8 1,564 23 25 48 21.0
NBR 9 173 23 18 41 2.0
SBL 10 782 14 18 80 15 30 20 177 38.4
SBT 11 1,194 80 15 95 31.5
SBR 12 272 80 15 96 7.2

TOTAL  7,486 80 165.9

Additional 
Travel Time + 

Delay / 
Vehicle (s/veh)
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Exhibit 2-7 
STUDY METHOD OF DELAY COMPARISON 
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Exhibit 2-8 
ILLUSTRATION OF CORRIDOR DELAY SUMMARY PRESENTATION 
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Approach
Input 

volume

Standard 
Condition 

Simulation 
Volume

MLT 
Simulation 

Volume
EB 1,198 1,208 1,183
WB 1,739 1,729 1,745
NB 2,344 2,310 2,310
SB 2,237 2,011 2,248

Total 7,518 7,258 7,486

Intersection Volume Comparison

Systemwide Summary
Delay / 
Vehicle 
(s/veh)

Total 
Delay   

(veh-hr)

Total 
Travel 

Time (hr)
201 581.4 950.6
90 270.5 682.5

Standard Condition
Total System Delay

MLT Condition

Exhibit 2-9 
ILLUSTRATION OF SYSTEMWIDE 
DATA SUMMARY PRESENTATION 
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4. 75 Percent Base Capacity Volumes (75 Percent Base):  The Base Capacity volumes 
for each intersection approach and movement were factored to represent 75 percent of 
the Base Capacity volumes.  This scenario was used to assess whether the MLT design 
was more or less effective at lower traffic volumes of off-peak hours. Three network 
simulations were conducted for comparison using the 75 percent Base Capacity 
volumes: 

 
• Base Network 
• MLT Network 
• MLT Network with SPUI  

 
3. MLT Capacity Volumes (MLT Capacity):  The through traffic volumes for the main 

parkway corridor were increased until the parkway approach delay per vehicle 
represented LOS E traffic operations for as many of the intersections as practical.  The 
approach volumes on the cross streets were those volumes used in the Base Capacity 
scenario.  This scenario was used to approximate the upper limit of peak-hour capacity 
for the MLT parkway, while providing approximately LOS E operation for the cross 
streets.  That is, parkway traffic volumes were increased, and signal timing adjusted to 
favor the parkway traffic, until near capacity operations were exhibited along the corridor.  
Two network simulations were conducted for comparison using the MLT Capacity 
volumes: 

 
• MLT Network 
• MLT Network with SPUI 

 
1. MLT Parkway-Parkway Intersection Capacity:  This scenario focused in on only the 

parkway-parkway intersection capacity.  The simulated roadway network was reduced to 
only the parkway-parkway intersection and the adjacent signalized intersections 
upstream and downstream of the parkway-parkway intersection.  The traffic volumes on 
each MLT parkway were adjusted to provide relatively equal volumes on all four 
approaches to estimate the lower end of the approach capacity when the available green 
time was split equally between the two parkways.  Two network simulations were 
conducted for comparison under this scenario: 

 
• Dual U-Turn lanes on each intersection leg. 
• Single U-Turn lanes on each intersection leg. 
 

2. SPUI Parkway-Parkway Intersection with Scenario 5 Traffic Volumes:  This scenario 
was developed to compare the traffic operations of the SPUI intersection design to the 
MLT design assuming a relatively equal distribution of traffic on each parkway.  SPUI 
intersections are typically used where the main roadway has a significantly higher traffic 
volume than the cross street and there are significant benefits derived from removing the 
dominate through movement from the signalized intersection.  Only a single design 
scenario was evaluated: 

 
• SPUI intersection with dual left-turn lanes on each approach. 
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3.  SUMMARY OF TRAFFIC VOLUME, SIGNAL TIMING, 
AND TRAFFIC SPEED INPUT VALUES 

 
The following provides a brief summary of the traffic volume, traffic signal timing, and traffic 
speed input values used in the analysis.  Aside from the number of traffic lanes, traffic volume 
and signal timing are the two primary factors affecting the intersection levels of service and 
delay estimates.  Traffic speed is important in establishing traffic signal coordination and traffic 
progression along the main parkway corridor.  A summary of the traffic volume, traffic signal 
timing, and traffic speed input data are provided below. 
 
TRAFFIC VOLUME INPUT DATA 
 
There are 33 intersections in the simulation of the Base Network and 204 intersections in the 
simulation of the MLT Network (excluding entry intersections), so the presentation of the traffic 
volumes at each location, by traffic movement, is somewhat impractical.  The information below 
provides the average, minimum, and maximum volumes by approach and movement for the 
main parkway, and for the main parkway cross streets by type of cross street.   That is, the 
average, minimum, and maximum main parkway approach volumes are presented for each 
cross street type, and the average, minimum, and maximum approach volumes on each cross 
street type at the main parkway are also presented for each analysis scenario. 
 
BASE CAPACITY TRAFFIC VOLUMES 
 
The Base Capacity traffic volumes are presented in Exhibit 3-1.  It should be noted that because 
SimTraffic uses a random simulation process in generating traffic volumes for the analysis, the 
actual volumes used in each simulation may be more or less than the values provided below.  
The input traffic volumes used for the 50% Base Capacity and the 75% Base Capacity are 
simply 50 percent and 75 percent of the volumes provided in Exhibit 3-1, respectively. 
 
MLT CAPACITY CONDITION VOLUMES 
 
The MLT Capacity Condition volumes are provided in Exhibit 3-2.  These values were used for 
the analysis of the traffic operations for the entire corridor.  Exhibit 3-3 provides the traffic 
volumes used for the additional analysis of both the MLT parkway-parkway intersection and the 
SPUI parkway-parkway intersection scenarios. 
 
TRAFFIC SIGNAL TIMING INPUT VALUES 
 
A summary of typical traffic signal timing input data for the study intersections is provided in 
Exhibits 3-4 and 3-5.  Typical timing splits (green + change + clearance intervals) are provided 
for the main parkway and for the cross streets by type of street for each analysis scenario 
conducted.  Split values are provided for the left-turn movement (LT), the through and right-turn 
movement (Thru/RT), and the U-Turn movement (for the MLT alternatives only).  The cycle 
length input for the main parkway intersections is also provided.   
 
TRAFFIC SPEEDS 
 
The traffic speed input for each roadway type is provided in Exhibit 3-6.  This represents the 
speed limit on each roadway type and the average travel speed for drivers under free flow traffic 
conditions.  Drivers in the simulation will travel faster or slower than the speed limit depending 
on the level of traffic congestion and the driver type speed factors used by SimTraffic.   
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Exhibit 3-1 

BASE CAPACITY INPUT TRAFFIC VOLUMES1 

 

 
 Base Condition Traffic Volumes

Input Parkway Volumes
Average Minimum2 Maximum2

Cross Street Type
Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Parkway 187 2,200 597 2,983 187 177 2,185 591 2,953 177 196 2,215 603 3,014 196
Major Arterial 210 2,378 305 2,893 394 142 2,121 220 2,667 318 236 2,493 368 3,068 467
Minor Arterial 110 2,526 316 2,952 195 87 2,308 178 2,721 160 139 2,701 563 3,128 234

Collector 67 2,772 67 2,907 106 53 2,530 53 2,635 93 94 2,978 94 3,118 131

Input Cross Street Volumes
Average Minimum2 Maximum2

Cross Street Type
Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Parkway 211 1,965 603 2,780 212 203 1,925 491 2,700 203 220 2,006 715 2,860 220
Major Arterial 184 1,269 355 1,808 N / A 146 1,139 213 1,650 N / A 247 1,391 489 1,950 N / A
Minor Arterial 85 730 264 1,079 N / A 65 657 150 900 N / A 105 809 416 1,200 N / A

Collector 38 0 113 151 N / A 23 0 90 150 N / A 60 0 134 178 N / A
1.  50% Base and 75% Base volumes are 50 percent and 75 percent of the above values.
2.  Movement volumes w ill not sum to Total volume.
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Exhibit 3-2 
MLT CAPACITY INPUT TRAFFIC VOLUMES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Exhibit 3-3 
PARKWAY-PARKWAY INTERSECTION 

 ANALYSIS INPUT VOLUMES1 
 

 

MLT Capacity Condition Traffic Volumes
Input Parkway Volumes

Average Minimum1 Maximum1

Cross Street Type
Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Parkway 187 3,598 597 4,383 187 179 3,585 592 4,356 177 196 3,612 602 4,410 196
Major Arterial 210 3,751 305 4,266 394 142 3,518 220 4,062 318 235 3,895 366 4,468 467
Minor Arterial 110 3,924 316 4,349 195 86 3,702 179 4,113 160 139 4,104 561 4,526 234

Collector 67 4,170 67 4,305 106 54 3,924 54 4,033 93 95 4,376 95 4,509 131

Input Cross Street Volumes
Average Minimum1 Maximum1

Cross Street Type
Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Left 
Turn Thru

Right 
Turn Total U-Turn

Parkway 211 1,965 603 2,780 212 203 1,925 491 2,700 203 220 2,006 715 2,860 220
Major Arterial 184 1,269 374 1,827 N / A 146 1,139 213 1,650 N / A 247 1,391 600 2,045 N / A
Minor Arterial 85 730 264 1,079 N / A 65 657 150 900 N / A 105 809 416 1,200 N / A

Collector 38 0 113 151 N / A 23 0 90 150 N / A 60 0 134 178 N / A
1.  Movement volumes w ill not sum to Total volume.

Parkway-Parkway Intersection Analysis Input Volumes
Left 
Turn Thru

Right 
Turn Total U-Turn

Eastbound 461 2,146 403 3,010 461
Westbound 415 1,863 562 2,840 415
Northbound 390 1,923 454 2,767 390
Southbound 367 2,048 453 2,869 367

1.  Volumes used for the MLT and SPUI intersection evaluations.
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Exhibits 3-4 
TYPICAL TRAFFIC SIGNAL TIMING BY ROADWAY TYPE 

CORRIDOR ANALYSIS ALTERNATIVES 
 

Green + Change + Clearance Intervals (seconds)
Parkway Cross Street

Movement Movement
Alternative Scenario Description LT Thru/RT U-turn Type LT Thru/RT U-Turn

15 45 Parkway 17 43 120
Base Network with Base Capacity Volumes 17 49 Major Arterial 15 39 120

18 52 Minor Arterial 14 36 120

51 31 Parkway 49 28 100
MLT Network with Base Capacity Volumes 59 33 Major Arterial 41 N / A 100

61 N / A Minor Arterial 39 N / A 100

48 22 Parkway 32 26 80
MLT Network with MLT Capacity Volumes 52 21 Major Arterial 28 N / A 80

52 20 Minor Arterial 28 N / A 80

15 25 Parkway 15 25 80
Base Network with 50% Base Capacity Volumes 14 29 Major Arterial 14 23 80

14 29 Minor Arterial 14 23 80

39 37 Parkway 41 38 80
MLT Network with 50% Base Capacity Volumes 42 37 Major Arterial 38 N / A 80

43 N / A Minor Arterial 37 N / A 80

14 27 Parkway 14 25 80
Base Network with 75% Base Capacity Volumes 14 29 Major Arterial 14 23 80

14 29 Minor Arterial 14 23 80

40 31 Parkway 40 33 80
MLT Network with 75% Base Capacity Volumes 45 32 Major Arterial 35 N / A 80

45 N / A Minor Arterial 35 N / A 80

Cycle Length 
(seconds)
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Exhibit 3-5 
TRAFFIC SIGNAL TIMING FOR THE PARKWAY-PARKWAY 

 INTERSECTION ANALYSES 
 

MLT Parkway - Parkway Intersection Analysis 
 
                  Green + Change + Clearance Intervals 
                                          (seconds)  

N / S Parkway E / W Parkway 
Thru/RT U-Turn Thru/RT U-Turn 

Cycle Length 
(seconds) 

40 37 40 37 80 
 
 

SPUI Parkway - Parkway Intersection Analysis 
 
                   Green + Change + Clearance Intervals 
                                         (seconds) 

E / W Thru/RT E / W LT N / S LT 
Cycle Length 

(seconds) 
51 47 22 120 

 
 
 

Exhibit 3-6 
INPUT ROADWAY TRAVEL SPEED 

BY ROADWAY TYPE 
 
 
 
 
 
 
 
 

Roadway Type Link Speed (mph)
Parkway 45

Major Arterial 40
Minor Arterial 35

Collector 30
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4.  ANALYSIS RESULTS 
 
The simulation results are presented through a series of tables and charts for each analysis 
scenario.  The simulation results represent average values of the performance metrics from five 
random simulations of each scenario that was tested.  Each simulation represents a one-hour 
time period of traffic flow.     
 
The overall results for the entire corridor are presented through a summary of the performance 
metrics that are used to compare corridor design alternatives under a given set of traffic volume 
assumptions.  A series of charts is provided in Appendix A that indicate the total delay and the 
delay per vehicle on each intersection approach by direction of travel.  Contained within these 
charts are summary statistics for the entire corridor.  These summary statistics provide the 
following: 
 

• Total corridor delay in hours. 
• Corridor delay per vehicle in seconds. 
• Total corridor stops. 
• Corridor stops per vehicle. 
• Total corridor travel time in hours. 
• Total vehicles entering the network in the simulation. 

 
The traffic operations at individual intersections are also compared under each analysis 
scenario.   
 
BASE CAPACITY SCENARIO 
 
The Base Capacity scenario represents a traffic condition where the Base Network design is 
operating at or near capacity.  The maximum hourly approach volumes used in the Base 
Capacity analysis (3,100 vehicles per hour) represents an average daily traffic of approximately 
62,000 vehicles per day for the main parkway assuming the peak-hour is ten percent of the daily 
traffic.  This value is consistent with values provided in the State of Florida Quality/Level of 
Service Handbook for an 8-lane divided roadway in urban areas2.  Considering only the through 
movement at signalized intersections, the main parkway capacity is approximately 600 to 675 
vehicles per hour per through lane, under the assumptions made in this study. 
 
Estimates of the approach delay along the corridor for every intersection are provided 
graphically in the Appendix.  A separate graph is provided for the high intensity and suburban 
areas of the corridor for the Base Network, the MLT Network, and the MLT Network with the 
SPUI. 
 
The Base Capacity scenario summary results for the entire corridor are provided in Exhibit 4-1 
for the Base Network, the MLT Network and the MLT Network with the SPUI.  The results 
indicate: 
 

                                                 
2 State of Florida, Department of Transportation, Quality/Level of Service Handbook, 2002, page 85.  Note that the 
Florida capacity values assume that the peak-hour is 9.5 percent of the daily traffic.   
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• A significant improvement in the overall corridor traffic operations with the MLT network 
in comparison to a corridor with traditional intersection design as represented by the 
Base Network.   

• The MLT Network reduces delay by 33 percent, reduces stops by 21 percent, and 
reduces total travel time on the network by 10 percent in comparison to the Base 
Network.  

 
Exhibit 4-1 

NETWORK PERFORMANCE MEASURES 
WITH BASE CAPACITY VOLUMES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Impacts of SPUI Addition 
 
The information in Exhibit 4-1 indicates that the addition of the SPUI to the MLT Network 
provides a slight additional reduction to total stops along the entire corridor, but has no effect on 
total corridor delay or total travel time in comparison to the MLT Network condition.   This 
suggests that the impacts of the SPUI are generally isolated at the intersection.  
 
Exhibit 4-2 provides an isolated look at the corridor within one-mile either side of the parkway-
parkway intersection (Mile 6 intersection) for the MLT Network and the MLT Network with the 
SPUI.  Exhibit 4-2 presents the approach delay per vehicle for each intersection in the 
simulation and provides a comparison of the traffic operations on the corridor with and without 
the SPUI in the MLT network at the Mile 6 intersection.   
 
The comparison of the approach delay per vehicle indicates that: 
 

• The SPUI has a significant impact at the Mile 6 intersection, reducing the delay to the 
north-south movements by 66 percent in comparison to the MLT design.  

• There is a slight increase in delay (nine percent) to the east-west movements with the 
SPUI in comparison to the MLT parkway-parkway intersection, caused by introducing a 
left-turn phase for the east-west left-turn movement.   

Base Capacity Volumes Network Comparison

Performance Measure
Base 

Network
MLT 

Network

MLT 
Network 
w/ SPUI

Base to 
MLT % 

Diff.

Base to 
SPUI % 

Diff.

MLT to 
SPUI % 

Diff

Total Delay (hours) 2,560 1,706 1,710 -33.3% -33.2% 0.2%

Delay per Vehicle 
(seconds)

148 98 98 -33.4% -33.5% -0.1%

Total Stops 142,571 112,347 109,805 -21.2% -23.0% -2.3%

Stops per Vehicle 2.29 1.80 1.75 -21.2% -23.3% -2.6%

Total Travel Time 
(hours)

5,136 4,610 4,587 -10.3% -10.7% -0.5%

Total Vehicles Entering 
Network

62,388 62,420 62,641 0.1% 0.4% 0.4%
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MLT Condition Delay per Vehicle by Location 
(Base Capacity Volumes)
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SPUI Condition Delay per Vehicle by Location 
(Base Capacity Volumes)
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• A negative by-product of the SPUI is the increase in delay for the east-west traffic 
attempting to enter the parkway at the adjacent stop-controlled intersection immediately 
downstream.  Intersection Q5b is a quarter mile from the SPUI and intersection Half 6 is 
half a mile away.  At these two locations there is a significant increase in delay to cross 
street traffic because the presence of the SPUI reduces the number of gaps in parkway 
traffic for cross street traffic to enter.  The increase in delay is greatest for traffic 
attempting to enter the parkway downstream from the SPUI.   

 
Exhibit 4-2 

DELAY PER VEHICLE WITH AND WITHOUT SPUI AT PARKWAY-PARKWAY 
(MILE 6) INTERSECTION WITH BASE CAPACITY VOLUMES 
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• The uninterrupted main parkway through traffic movement at the SPUI does not appear 
to increase delay at the adjacent downstream signalized intersections.  The delay per 
vehicle at signalized intersections Half 5 and Mile 7 are essentially the same with and 
without the SPUI at Mile 6.  This suggests that proper signal timing for traffic 
progression can reduce or potentially eliminate this possible negative impact of the 
SPUI in the MLT network.   

 
The presence of the SPUI affected the U-turn movement on the north side (closest to the SPUI) 
of intersection Half 5 (half a mile south of the SPUI location).  This U-turn movement functioned 
adequately as a stop-controlled location in the MLT Network with the Base Capacity volumes.  
However, in the MLT Network with the SPUI, there were insufficient gaps in the parkway traffic 
for this U-turn, which spilled back and affected the northbound trough movement on the 
parkway.  Therefore, this stop-controlled U-turn was converted to a signal controlled U-turn, 
which functioned adequately with the SPUI. 
 
Additional detail on the impacts of the MLT intersection design and the SPUI on the parkway-
parkway intersection alone are provided in Exhibit 4-3 for the Base Capacity volumes.  
 

• The MLT design reduces intersection delay by 37 percent, vehicle stops by 32 percent, 
and travel time in the intersection by 16 percent in comparison to the Base Condition 
design with the Base Capacity volumes.   

• Overall, the SPUI design improves on the MLT design by reducing delay by 27 percent, 
vehicle stops by 38 percent, and travel time in the intersection by 22 percent in 
comparison to the MLT design with the Base Capacity volumes. 

 
Exhibit 4-3 

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-PARKWAY (MILE 6) 
INTERSECTION WITH BASE CAPACITY VOLUMES 

 

 

Base Capacity Volumes Intersection Type Comparison

Performance Measure Base MLT SPUI
Base to 

MLT % Diff.

Base to 
SPUI % 

Diff.
MLT to SPUI 

% Diff
Total Delay (hours) 214 134 98 -37.4% -54.0% -26.5%
Delay per Vehicle (seconds) 68 42 31 -37.7% -54.3% -26.6%
Total Stops 12,582 8,612 5,380 -31.6% -57.2% -37.5%
Stops per Vehicle 1.11 0.75 0.47 -31.9% -57.5% -37.6%
Total Travel Time (hours) 329 276 215 -16.2% -34.6% -21.9%
Total Vehicles Entering Intersections 11,372 11,430 11,442 0.5% 0.6% 0.1%
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Comparison of Impacts on the High-Intensity and Suburban Sections of the Corridor 
 
Exhibit 4-4 provides a summary of the performance measures disaggregated between the high-
intensity and suburban sections of the corridor.  For this analysis, the parkway-parkway 
intersection (Mile 6), which is the border between the two areas, was removed from the 
summary statistics.   
 
The performance measures in Exhibit 4-4 indicate that: 
 

• The MLT Network and the MLT Network with the SPUI have essentially the same level 
of delay and vehicle stop reduction in both areas of the corridor in comparison to the 
Base Network with the Base Capacity volumes.   

• The MLT Network and the MLT Network with the SPUI have a greater impact on travel 
time reduction in the suburban area than in the high-intensity area (17 percent reduction 
in the suburban area and 6 percent in the high-intensity area).  The latter result is most 
likely due to the fact that there are fewer signalized intersections in the suburban area 
allowing for a larger improvement in travel time.   

 
Exhibit 4-5 provides a comparison of total delay, vehicle stops, and travel time by intersection 
type and corridor area type (high-intensity versus suburban).  The information in Exhibit 4-5 
compares the Base Network to the MLT Network performance by intersection type and across 
area types.  Due to the basic similarities in network performance measure levels between the 
MLT Network and the MLT Network with the SPUI, the MLT Network with the SPUI was not 
included in this discussion.   For this analysis, two intersections of each type (major arterial, 
minor arterial, and collector) were selected from each area type for inclusion in the data 
summary.  The intersections used in the analysis are provided in Exhibit 4-6. 
 
The data provided in Exhibit 4-5 indicate the following: 
 

• Change in delay: 
o The MLT Network provides a reduction in delay at major and minor arterials of 

approximately 38 percent in the high-intensity area.  The reduction in delay is 
only about 7 percent at collector intersections in the high-intensity area. 

o The greatest delay reduction in the suburban area is approximately 39 percent at 
minor arterial intersections.  The reduction is approximately 22 percent at major 
arterials, and 19 percent at collectors. 

o Overall, the reduction in delay is greater in the high-intensity area than in the low 
intensity area. 

 
• Change in stops: 

o Within the high-intensity area, the MLT Network provides a substantial reduction 
in the number of stops at all three intersection types (22 percent at major 
arterials, 32 percent at minor arterials and 33 percent at collectors). 

o The reduction in stops at major arterials in the suburban area is small (2 
percent), while the reduction in stops at minor arterials (33 percent) and at 
collectors (27 percent) are similar to the impacts for these intersection types in 
the high-intensity area. 
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• Change in travel time:   
o The reduction in travel time for each intersection type is very similar across the 

two area types. 
o The reduction in travel time at major arterials is approximately 14 percent in the 

high-intensity area and 10 percent in the suburban area. 
o The reduction in travel time at minor arterials is approximately 11 percent in the 

high-intensity area and approximately 18 percent in the suburban area. 
o The reduction in travel time at collectors is approximately 8 percent in the high-

intensity area and approximately 6 percent in the suburban area. 
 

Exhibit 4-4 
NETWORK PERFORMANCE MEASURES DISSAGREGATED 

BY AREA TYPEWITH BASE CAPACITY VOLUMES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Base Capacity Volumes 
High-Intensity Area Network Comparison

Performance Measures
Base 

Network
MLT 

Network

MLT 
Network 
w/ SPUI

Base to 
MLT % 

Diff.

Base to 
SPUI % 

Diff.

MLT to 
SPUI % 

Diff

Total Delay (hours) 1,404 938 967 -33.2% -31.1% 3.1%

Delay per Vehicle 
(seconds)

135 90 92 -33.5% -31.6% 2.9%

Total Stops 79,859 62,281 62,978 -22.0% -21.1% 1.1%

Stops per Vehicle 2.13 1.65 1.67 -22.4% -21.7% 0.9%

Total Travel Time 
(hours)

2,701 2,526 2,557 -6.5% -5.4% 1.2%

Total Vehicles Entering 
Network

37,524 37,707 37,782 0.5% 0.7% 0.2%

Base Capacity Volumes 
Suburban Area Network Comparison

Performance Measures
Base 

Network
MLT 

Network

MLT 
Network 
w/ SPUI

Base to 
MLT % 

Diff.

Base to 
SPUI % 

Diff.

MLT to 
SPUI % 

Diff

Total Delay (hours) 942 635 644 -32.6% -31.6% 1.5%

Delay per Vehicle 
(seconds)

135 91 92 -32.6% -31.9% 1.0%

Total Stops 50,130 41,454 41,447 -17.3% -17.3% 0.0%

Stops per Vehicle 2.00 1.65 1.64 -17.2% -17.7% -0.5%

Total Travel Time 
(hours)

2,106 1,808 1,815 -14.2% -13.8% 0.4%

Total Vehicles Entering 
Network

25,091 25,073 25,198 -0.1% 0.4% 0.5%
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Comparison of Total Intersection Metrics by Intersection Type and Area Type 1

(Base Capacity Volumes)
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Exhibit 4-5 

CHANGE IN DELAY, STOPS, AND TRAVEL TIME 
BY INTERSECTION TYPE AND AREA TYPE 

FOR THE BASE CAPACITY VOLUMES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exhibit 4-6 
INTERSECTIONS SELECTED FOR COMPARISON BY AREA TYPE 

 
Intersection Type 

Area Type Major Arterial Minor Arterial Collector 
High-Intensity Mile 3 and Mile 5 Half 3 and Half 5 Q 3a and Q 5a 
Suburban Mile 8 and Mile 10 Mile 7 and Mile 9 Half 7 and Half 9 

Traffic Control Signal Signal Stop 
 
 



 

MCDOT Enhanced Parkway Study 32 
August 2007  

50 PERCENT AND 75 PERCENT BASE CAPACITY SCENARIOS 
 
The tabular results of the simulations using 50 percent Base Capacity and 75 percent Base 
Capacity volumes are provided in Exhibit 4-7.  The results are presented in a graphical format in 
Exhibit 4-8 which also includes the results from the simulations using the 100 percent Base 
Capacity Volumes. These results indicate that: 
 

• The MLT Network is very effective in reducing delay, vehicle stops, and travel time 
when only 75 percent of the Base Capacity volume is simulated.   

• The effectiveness of the MLT network diminishes significantly, however, when traffic 
volume is only 50 percent of the Base Capacity volume.   

• The results indicate that at 50 percent of the Base Capacity volume, travel time on the 
MLT Network may increase very slightly in comparison to the travel time on the Base 
Network.   

• During the peak-volume hours of the day that the MLT design will result in significant 
improvements in traffic operations over the Base Network design, and that during many 
additional hours of the day when traffic volumes are less than the capacity of the Base 
Network, the MLT design will still return significant benefits in terms of reductions in 
delay, vehicle stops, and travel time.   

• As traffic volumes drop to 50 percent of the Base Capacity values, the impact of MLT 
design becomes much less, even potentially increasing travel time to vehicles operating 
during low volume conditions.  This could be a result of the increase in travel time to 
left-turning vehicles associated with the MLT maneuver.   

 
These results also suggest that the MLT Network design provides a significantly higher roadway 
capacity than the Base Network design.  This is discussed in more detail in the next section. 
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Exhibit 4-7 
NETWORK PERFORMANCE MEASURES WITH 50 PERCENT 

AND 75 PERCENT OF BASE CAPACITY VOLUMES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

50% Base Capacity 
Volumes

Network Comparison

Performance Measure
Base 

Network
MLT 

Network

MLT 
Network 
w/ SPUI

Base to 
MLT % 

Diff.

Base to 
SPUI % 

Diff.

MLT to 
SPUI % 

Diff

Total Delay (hours) 618 481 500 -22.2% -19.0% 4.1%

Delay per Vehicle 
(seconds)

71 55 58 -22.2% -18.5% 4.7%

Total Stops 45,815 43,447 42,652 -5.2% -6.9% -1.8%

Stops per Vehicle 1.46 1.38 1.37 -5.1% -6.3% -1.3%

Total Travel Time 
(hours)

1,933 1,955 1,955 1.1% 1.1% 0.0%

Total Vehicles Entering 
Network

31,389 31,370 31,186 -0.1% -0.6% -0.6%

75% Base Capacity 
Volumes

Network Comparsion

Performance Measure
Base 

Network
MLT 

Network

MLT 
Network 
w/ SPUI

Base to 
MLT % 

Diff.

Base to 
SPUI % 

Diff.

MLT to 
SPUI % 

Diff

Total Delay (hours) 1,537 961 974 -37.5% -36.6% 1.4%

Delay per Vehicle 
(seconds)

118 73 75 -37.8% -36.7% 1.8%

Total Stops 100,485 76,714 71,358 -23.7% -29.0% -7.0%

Stops per Vehicle 2.14 1.63 1.52 -24.0% -29.0% -6.6%

Total Travel Time 
(hours)

3,483 3,166 3,155 -9.1% -9.4% -0.4%

Total Vehicles Entering 
Network

46,918 47,144 46,955 0.5% 0.1% -0.4%
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Comparison of Change in Total Delay

-40%
-35%
-30%
-25%
-20%
-15%
-10%
-5%
0%
5%

10%

100% 75% 50%

Percentage of Base Capacity Traffic Volumes

Pe
rc

en
t D

iff
er

en
ce

Base to MLT

Base to SPUI

MLT to SPUI

Comparison of Change in Total Stops

-35%

-30%

-25%

-20%

-15%

-10%

-5%

0%

100% 75% 50%

Percentage of Base Capacity Traffic Volumes

Pe
rc

en
t D

iff
er

en
ce

Base to MLT

Base to SPUI

MLT to SPUI

Comparison of Change in Total Travel Time

-12%

-10%

-8%

-6%

-4%

-2%

0%

2%

100% 75% 50%

Percentage of Base Capacity Traffic Volumes

Pe
rc

en
t D

iff
er

en
ce

Base to MLT

Base to SPUI

MLT to SPUI

Exhibit 4-8 
CHANGE IN NETWORK PERFORMANCE MEASURES WITH 
100, 75 AND 50 PERCENT OF BASE CAPACITY VOLUMES 
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MLT CAPACITY VOLUME SCENARIO 
 
The MLT Capacity scenario represents a traffic condition where the MLT network is generally 
operating at capacity.   The maximum hourly approach volumes used in the MLT Capacity 
analysis (4,500 vehicles per hour) represents an average daily traffic of approximately 90,000 
vehicles per day for the main parkway assuming the peak-hour is ten percent of the daily traffic.  
This result may be somewhat conservative in that the capacity of the right-turn lanes was not 
explored in this study.   
 
Considering only the through movement at signalized intersections, the MLT design capacity is 
approximately 975 to 1,025 vehicles per hour per through lane.  Typically, right-turn lane 
capacity is approximately 85 to 95 percent of through lane capacity.  U-turn lane capacity under 
stop control or traffic signal control was not evaluated as an element of this study.     
 
The capacity of the MLT network design is approximately 45 to 50 percent greater than the 
capacity of the Base Network design with the same number of through lanes, under the 
assumptions made in this study.  Although not directly tested as part of this study, the through 
lane capacity results suggest that a 6-lane MLT design should be capable of handling more 
traffic volume at signalized intersections than an 8-lane parkway with the Base Network design.  
A 4-lane MLT roadway should be capable of handling approximately the same volume of traffic 
as a SIX-lane Base Network design roadway.   
 
It should be noted that the MLT Capacity volumes result in a significant increase in the 
simulated delay for vehicles entering the main parkway from stop-controlled cross streets.  This 
phenomenon is present on both the high-intensity and suburban sections of the corridor, as 
shown in Exhibit A20, provided in the Appendix.  This result occurs in the simulation because 
there are fewer acceptable gaps for entering traffic, specifically traffic that must U-turn at the 
next downstream opportunity and cross four lanes of traffic in a relatively short distance (400 
feet assumed) to make the U-turn maneuver.  Modeling experience suggests that SimTraffic 
overestimates the delay to this traffic because motorists would most likely enter the parkway, 
and change lanes while traveling downstream to the next U-turn opportunity if necessary.  
SimTraffic algorithms do not redistribute traffic automatically to account for this potential driver 
behavior, and manual redistribution was not conducted as part of this study.  This result does 
suggest that the U-turn opportunity should be placed an adequate distance downstream of the 
stop-controlled access point to allow traffic to safely weave across four lanes of traffic. 
 
Impacts of SPUI Addition 
 
Estimates of the approach delay along the corridor for every intersection are provided 
graphically in the Appendix.  A separate graph is provided for the high intensity and suburban 
areas of the corridor for the MLT Network, and the MLT Network with the SPUI. 
 
It should be noted that the increase in the traffic volumes for the MLT Capacity condition 
required the conversion of the stop-controlled U-turn movements at several intersections to 
signal-controlled U-turns in order for these U-turn movements to function adequately.  The stop-
controlled U-turn locations at the following intersections were converted to signal control: 

• Half 1 
• Half 2 
• Half 4 
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• Half 5 (with the addition of the SPUI only) 
• Mile 7 
• Mile 9 
• Mile 11 

 
The MLT Capacity scenario summary results for the entire corridor are provided in Exhibit 4-9 
for the MLT Network and the MLT Network with the SPUI.   The summary compares the impacts 
of the SPUI on the entire network traffic operations.  
 

• The SPUI does provide some improvement in traffic operations on the network as a 
whole.   

• By comparing the change in the performance measure in Exhibit 4-9 to those in Exhibit 
4-1, it can be seen that the SPUI has a slightly higher impact on the network with the 
higher MLT Capacity volumes in comparison to the Base Capacity volumes.   

 
Exhibit 4-9 

NETWORK PERFORMANCE MEASURES 
WITH MLT CAPACITY VOLUMES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Exhibit 4-10 allows the comparison of the impact of the SPUI on an isolated section of the 
corridor within one mile either side of the parkway-parkway intersection.  Exhibit 4-10 presents 
the approach delay per vehicle for each intersection with and without the SPUI.  It should be 
noted that the introduction of the SPUI with the MLT Capacity volumes created significant traffic 
operations issues at the intersection Q5b, located ¼-mile south of the SPUI, resulting from the 
very close proximity of the SPUI ramps and the Q5b intersection.  Therefore, the collector street 
intersection Q5b, and the entering traffic associated with this location were removed from the 
simulation.  The removal of this intersection is a likely reality if a SPUI were ever considered 
under the assumed intersection spacing. 

MLT Capacity Volumes Network

Performance Measure
MLT 

Network

MLT 
Network 
w/ SPUI

MLT to 
SPUI % 

Diff

Total Delay (hours) 4,066 4,015 -1.3%

Delay per Vehicle 
(seconds)

224 224 -0.2%

Total Stops 256,754 245,041 -4.6%

Stops per Vehicle 3.94 3.78 -4.1%

Total Travel Time 
(hours)

7,317 7,176 -1.9%

Total Vehicles Entering 
Network

65,205 64,894 -0.5%
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MLT Condition Delay per Vehicle by Location 
(MLT Capacity Volumes)
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Exhibit 4-10 
DELAY PER VEHICLE WITH AND WITHOUT SPUI AT PARKWAY-PARKWAY 

(MILE 6) INTERSECTION WITH MLT CAPACITY VOLUMES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

MCDOT Enhanced Parkway Study 38 
August 2007  

The following conclusions can be made: 

• Under the MLT Capacity volume assumptions, the impacts of the SPUI on the main 
parkway traffic operations remain isolated at the SPUI intersection.   

• There is no noticeable impact on downstream signalized intersections from the 
continuous flow of parkway traffic through the SPUI.  However, the delay to traffic 
attempting to enter the parkway from stop-controlled cross streets immediately 
downstream from the SPUI increases significantly.   

• The impact of the SPUI on stop-controlled cross street traffic is isolated near the SPUI in 
the simulation, and does not appear to extend downstream past the next signalized 
intersection.  

 
A comparison of the MLT parkway-parkway intersection operations to the SPUI intersection 
operations using the MLT Capacity volumes is provided in Exhibit 4-11.  Based on these results: 
 

• The SPUI is more effective in improving traffic operations under the MLT Capacity 
volume assumptions than with the Base Capacity volumes (see Exhibit 4-3) because 
there is more traffic traveling through the grade separation of the SPUI.   

• The SPUI reduces delay by 63 percent, stops by 75 percent, and travel time by 40 
percent in comparison to the MLT parkway-parkway intersection under the MLT 
Capacity traffic volume assumptions. 

 
Exhibit 4-11 

INTERSECTION PERFORMANCE MEASURES FOR THE 
PARKWAY-PARKWAY (MILE 6) INTERSECTION 

WITH MLT CAPACITY VOLUMES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of Impacts on the High-Intensity and Suburban Sections of the Corridor 
 
Exhibit 4-12 provides a summary of the performance measures disaggregated between the 
high-intensity and suburban sections of the corridor.  For this analysis, the parkway-parkway 
intersection (Mile 6), which is the border between the two areas, was removed from the 
summary statistics.   
 

MLT Capacity Volumes Intersection Type

Performance Measure MLT  SPUI
MLT to SPUI 

% Diff
Total Delay (hours) 272 101 -63.1%
Delay per Vehicle (seconds) 72 27 -62.8%
Total Stops 20,527 5,104 -75.1%
Stops per Vehicle 1.50 0.38 -74.9%
Total Travel Time (hours) 429 253 -40.9%
Total Vehicles Entering Intersections 13,675 13,559 -0.8%



 

MCDOT Enhanced Parkway Study 39 
August 2007  

The performance measures in Exhibit 4-12 indicate that: 
 

• The MLT Network and the MLT Network with the SPUI have essentially the same level 
of delay and vehicle stop reduction in both areas of the corridor with the MLT Capacity 
volumes.   

• The presence of the SPUI in the MLT Network does not appear to have any significant 
incremental impact on corridor traffic operations outside of the immediate area of the 
SPUI location.  

 
 

Exhibit 4-12 
NETWORK PERFORMANCE MEASURES DISSAGREGATED 

BY AREA TYPE WITH MLT CAPACITY VOLUMES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MLT Capacity Volumes 
High-Intensity Area Network

MLT 
Network

MLT 
Network 
w/ SPUI

MLT to 
SPUI % 

Diff

Total Delay (hours) 2,356 2,431 3.2%

Delay per Vehicle 
(seconds)

211 219 4.0%

Total Stops 150,539 156,798 4.2%

Stops per Vehicle 3.74 3.93 5.0%

Total Travel Time 
(hours)

4,051 4,076 0.6%

Total Vehicles Entering 
Network

40,222 39,890 -0.8%

MLT Capacity Volumes 
Suburban Area Network

Performance Measures
MLT 

Network

MLT 
Network 
w/ SPUI

MLT to 
SPUI % 

Diff

Total Delay (hours) 1,437 1,483 3.2%

Delay per Vehicle 
(seconds)

187 193 3.4%

Total Stops 85,688 83,139 -3.0%

Stops per Vehicle 3.09 3.01 -2.7%

Total Travel Time 
(hours)

2,837 2,846 0.3%

Total Vehicles Entering 
Network

27,698 27,628 -0.3%
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ADDITIONAL ANALYSIS OF THE MLT PARKWAY-PARKWAY INTERSECTION  
 
A more detailed analysis of the MLT parkway-parkway intersection was conducted to provide 
additional perspective on the intersection design characteristics, evaluate intersection traffic 
operation characteristics by movement, and compare the movement operation of the MLT 
design to the SPUI design.   For this entire study it was assumed that the MLT parkway-
parkway intersection provided dual U-turn lanes on each intersection leg.  An analysis was 
conducted to determine whether a single U-turn lane on each approach could provide adequate 
traffic operations under the MLT Capacity volume assumption.  Only the parkway-parkway 
intersection and an additional signalized intersection ½-mile upstream on each approach were 
included in the simulation process.  Each simulation was conducted five times and averaged to 
obtain the results presented here.  The simulations represent a single hour of traffic operations 
on the network. 
 
The traffic volumes in these simulations were relatively equal by intersection approach as 
shown by the input volumes provided in Exhibit 3-3.   For these simulations, the U-turn traffic 
signals were coordinated with the intersection traffic signals in such a manner as to provide 
nearly continuous flow for the U-turn maneuver.  The simulation results are provided in Exhibit 
4-13 for the dual U-turn lane and single U-turn lane conditions.  Note that as in all simulations 
of an MLT intersection in this study, 20 seconds of delay per vehicle was included for the 
left-turning vehicles to account for the additional time to travel to and from the U-turn 
location.   
 
A comparison of the results provided in Exhibit 4-13 indicates the following: 
 

• The single U-turn lane on each leg of the intersection performs the same as dual U-turn 
lanes under the volume assumptions used.  Left-turn (U-turn) volumes ranged from 374 
vehicles per hour to 465 vehicles per hour per approach.  

• The delay in the U-turn lane is relatively small (approximately six seconds per vehicle), 
and represents a very small proportion of the total delay to the left-turn vehicles 
(approximately six percent of total delay per vehicle) in the intersection. 

• The average delay per vehicle for the left-turning vehicles is approximately 109 
seconds.  Approximately 18 percent of the delay per vehicle is the 20 seconds 
associated with the additional time required to travel to and from the U-turn locations.   

• Approximately 76 percent of the delay to the left-turning vehicles results from the delay 
associated with the through and right-turn movements at the intersection made by the 
left-turning vehicles. 

• Although the actual capacity of a single U-turn lane was not found, the demand volumes 
used in the analysis and the delay in the U-turn lane suggests that a single U-turn lane 
on each leg of the intersection exceeds the capacity of dual left-turn lanes on each 
approach under a the Base Network intersection design. 
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Exhibit 4-13 
DELAY PER VEHICLE BY MOVEMENT FOR THE MLT PARKWAY-PARKWAY 
INTERSECTION WITH DUAL U-TURN LANES AND SINGLE U-TURN LANES 
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An analysis was also conducted to compare the operation of the MLT parkway-parkway 
intersection to the operation of the SPUI under the more uniform approach volumes assumed 
here.  The results of this analysis are provided by intersection movement in Exhibit 4-14.  An 
additional summary table or results is provided in Exhibit 4-15.   
 
The information and statistics in Exhibits 4-14 and 4-15 indicate the following: 
 

• The SPUI provides an overall reduction in delay of approximately 58 percent in 
comparison to the MLT design for the parkway-parkway intersection under the more 
uniform approach volumes. 

• Total stops are reduced by approximately 73 percent and travel time through the 
intersection reduced by 39 percent with the SPUI. 

• The SPUI is slightly less effective at improving traffic operations at the parkway-parkway 
intersection under the uniform approach volumes than under the distribution of approach 
traffic assumed with the MLT Capacity volumes due to a higher proportion of total traffic 
passing through the traffic signal with the uniform volumes. 

• The SPUI becomes more effective at improving traffic operations as traffic volume 
entering the intersection increases and approaches the capacity of the MLT intersection 
design.   
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Exhibit 4-14 
DELAY PER VEHICLE BY MOVEMENT FOR THE MLT PARKWAY-PARKWAY 
INTERSECTION WITH SINGLE U-TURN LANES AND A SPUI INTERSECTION 
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Exhibit 4-15 
INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-PARKWAY 

(MILE 6) INTERSECTION WITH BALANCED APPROACH VOLUMES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Parkway-Parkway Intersection Volumes Intersection Type Comparison

Performance Measure

MLT, Dual 
U-Turn 
Lanes

MLT, 
Single U-

Turn Lane SPUI

Dual 
Lanes to 
Single 
Lane % 

Diff.

Dual 
Lanes to 
SPUI % 

Diff.

Single Lane 
to SPUI % 

Diff
Total Delay (hours) 225 223 94 -0.9% -58.2% -57.8%
Delay per Vehicle (seconds) 69 69 29 -0.9% -57.6% -57.2%
Total Stops 14,002 13,754 3,714 -1.8% -73.5% -73.0%
Stops per Vehicle 1.20 1.17 0.32 -1.8% -73.1% -72.6%
Total Travel Time (hours) 402 400 244 -0.4% -39.3% -39.1%
Total Vehicles Entering Intersections 11,708 11,709 11,542 0.0% -1.4% -1.4%



 

MCDOT Enhanced Parkway Study 45 
August 2007  

RIGHT-OF-WAY CONSIDERATIONS 
 
A brief planning level evaluation of right-of-way (ROW) considerations for the MLT corridor and 
the MLT with a SPUI was conducted as part of this study.  The primary source of ROW 
requirements was the Maricopa County Department of Transportation Roadway Design Manual, 
Revised 2004.   
 
Exhibit 4-16 provides a MCDOT typical section for an urban principal arterial six-lane divided 
roadway.   This typical roadway section includes a 14-foot raised median and a minimum 130-
foot ROW.  An estimate of the minimum ROW requirements for an eight-lane MLT parkway was 
obtained by increasing the median width of the urban principal arterial to 60 feet and adding two 
additional traffic lanes at 12 feet each.  This results in a total additional width of 70 feet and a 
total minimum ROW width of 200 feet midblock for the eight-lane MLT urban parkway.  At major 
intersections or access points, the ROW width would need to be expanded to accommodate 
exclusive right-turn lanes.  Assuming dual right-turn lanes would require a minimum intersection 
ROW width of 225 feet. 
 
As part of the Arizona Department of Transportation, SR 77 Corridor Profile Study Working 
Paper #2, February 2004, an investigation of the feasibility of using SPUIs along SR 77 in 
metropolitan Tucson, Arizona was conducted.  Part of this investigation involved evaluating the 
ROW requirements of a SPUI.  At the intersection of SR 77 and Ina Road, a tight urban SPUI 
was assumed to consist of a 10-lane cross section including the following roadway elements: 

• 2-lane frontage road (on ramp). 
• 4 through lanes on structure (2 lanes per direction), with median barrier. 
• 2 left-turn lanes. 
• 1 through lane. 
• 1 right-turn lane. 

 
The above roadway elements with an 5-foot sidewalk immediately back of curb was estimated 
to just fit within the available 200-foot ROW.   
 
For this study the SPUI cross section was assumed to consist of 11-lanes with the following 
roadway elements: 

• 2-lane frontage road (on ramp). 
• 6 through lanes on structure (3 lanes per direction), with median barrier. 
• 2 left-turn lanes. 
• 1 right-turn lane. 

 
Assuming the addition of a seven-foot minimum separation between the curb and sidewalk for 
the parkway SPUI based on the MCDOT urban principal arterial design, the SPUI assumed in 
this study would require an approximate minimum ROW of 214 to 220 feet.  If a through lane is 
added on the frontage road for a through movement on the SPUI ramps, this would add 12 feet 
to the minimum ROW, increasing the minimum ROW to between 226 and 232 feet. 
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Source:  MCDOT Roadway Design Manual, Revised 2004.

Exhibit 4-16 
MCDOT TYPICAL SECTION FOR AN 

URBAN PRINCIPAL ARTERIAL ROADWAY 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MLT ACCESS MANAGEMENT CONSIDERATIONS 
 
Access management is an important tool for maintaining roadway safety and for providing 
adequate traffic operations on parkways and major arterials.  Maintaining a high level of 
roadway traffic operations and safety, and the provision of sufficient roadside access to promote 
or sustain land development and economic activity are often conflicting goals.  The MLT corridor 
design offers some unique characteristics that can provide both roadside access and a high 
level of traffic operations.  Even so, a corridor level access management policy and plan should 
be developed for an MLT parkway to establish the general parameters for access spacing, 
shared access, and access design in order to maintain roadway capacity and safety, and to 
inform the development community regarding the provision of access for new development. 
 
The following represent some of the access considerations for an MLT parkway. 

• All roadside access on an MLT corridor should be right-in and right-out only, with 
adequate U-turn opportunities to service roadside development.   

• The need to signalize roadside access locations should be based on the traffic signal 
warrants contained in the Manual On Uniform Traffic Control Devices, and/or other 
provisions established by affected local jurisdictions.  However, traffic signals should not 
be placed at locations that would negatively impact or disrupt traffic progression along 
the parkway.   
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• The location of roadside access locations needs to be carefully considered in relation to 
the location of U-turn locations on the parkway. 

  
Egress: 

o Roadside egress should not be located directly across from a conflicting U-turn 
location at an MLT intersection (particularly if the U-turn location is signalized), as 
this can create weaving conflicts between the U-turn traffic and the egress traffic, 
disrupting U-turn traffic flow and creating a safety hazard. 

o U-turn locations should be located a sufficient distance downstream from a high 
volume roadside egress locations to allow egress traffic to safely cross the 
parkway and enter the turn lane to access the U-turn.  The typical distance used 
by the State of Michigan Department of Transportation (MDOT) between a 
signalized intersection and the downstream U-turn location is 660 feet (+/- 100 
feet) 3.  If the distance between the high volume unsignalized roadside egress 
location is too short this may cause traffic operations and safety problems for the 
egress traffic. 

 
Ingress: 

o The location of a roadside ingress directly across from an unsignalized U-turn 
location should be considered very carefully, as this creates a left-turn possibility 
for traffic using the U-turn location.  With sufficient ingress and parkway volumes, 
this may create traffic operations problems and a safety hazard.   

o The placement of a roadside ingress location directly across from a signalized U-
turn location may be considered with the use of a single U-turn lane only.  This 
placement should not be considered with the use of dual U-turn lanes as this will 
create conflicting movements between traffic in the U-turn lanes.   

• “Texas U-turns” (a U-turn location placed immediately upstream of a signalized 
intersection) have been used by MDOT along MLT parkways to provide access to 
development on the opposite side of the parkway.  The advantage is that the 
development traffic does not have to travel through the traffic signal, U-turn downstream, 
and travel back through the traffic signal again to access the development.  A 
disadvantage is that this U-turn creates a weaving conflict with the cross-street right-turn 
movement. 

 
In general, an MLT parkway has been shown to provide a much safer 4 and higher capacity 
roadway environment than a roadway consisting of typical at-grade intersection design.  This 
has been accomplished while providing a high level of roadside access for a high traffic volume 
facility. 
 

                                                 
3 Synthesis of the Median U-Turn Intersection Treatment, Safety, and Operational Benefits, USDOT, FHWA, 
Publication No.: FHWA-HRT-07-033. 
4 Synthesis of the Median U-Turn Intersection Treatment, Safety, and Operational Benefits, USDOT, FHWA, 
Publication No.: FHWA-HRT-07-033. 
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5.  SUMMARY OF RESULTS AND CONCLUSIONS 
 
The following results and conclusions are based on the technical analysis conducted in this 
study.  It should be noted that the results and conclusions based on the traffic simulation 
conducted for this study may be limited to the range of conditions applied and assumptions 
made in conducting the analysis, and cannot necessarily be generalized to all possible 
combinations of conditions. 
 

• The capacity of the Base Network eight-lane divided urban parkway was estimated to be 
approximately 62,000 vehicles per day, or 600 to 675 vehicles per hour per through 
traffic lane.  The daily capacity estimate may be conservative in that the capacity of the 
right-turn lanes was not tested.  

• The capacity of the MLT parkway was estimated to be approximately 90,000 vehicles 
per day, or 975 to 1,025 vehicles per hour per through lane.  The daily capacity estimate 
may be conservative in that the capacity of the right-turn lanes was not tested. 

• The capacity of the MLT Network design was estimated to be 45 to 50 percent greater 
than the capacity of the Base Network. 

• The results suggest that a six-lane MLT design should be capable of handling more 
traffic volume at signalized intersections than an 8-lane parkway with the Base Network 
design.  A four-lane MLT roadway should be capable of handling approximately the 
same volume of traffic as a 6-lane Base Network design roadway. 

• The MLT Network reduced total network delay by 33 percent, vehicle stops by 21 
percent, and total network travel time by 10 percent in comparison to the Base Network 
design, assuming the Base Capacity traffic volumes. 

• The MLT parkway-parkway intersection reduced intersection delay by 37 percent, stops 
by 32 percent, and travel time by 16 percent in comparison to the Base Network 
intersection design with the Base Capacity volume assumptions. 

• The SPUI reduced intersection delay between 27 and 63 percent and intersection travel 
time between 22 and 41 percent in comparison to the MLT parkway-parkway 
intersection.  The SPUI was more effective at reducing delay and travel time with the 
higher traffic volumes.  The SPUI was slightly less effective when the high volumes were 
uniformly distributed by intersection approach. 

• The impact of the SPUI on overall network travel time and delay reduction was isolated 
within one-mile of the SPUI location in comparison to the MLT network design. 

• The introduction of the SPUI increased delay to cross street traffic attempting to enter 
the parkway at stop-controlled intersections immediately downstream of the SPUI 
location. 

• The SPUI created traffic operations issues at the opposing stop-controlled U-turn 
locations immediately downstream of the SPUI, requiring conversion of one of these 
locations to signal control. 

• Increasing traffic volume on the MLT parkway may increase delay to vehicles attempting 
to enter the parkway from stop-controlled cross streets and immediately U-turn at the 
first opportunity, unless the U-turn lane is placed far enough downstream to provide 
adequate time for multiple lane changes. 
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• The effectiveness of the MLT network to reduce delay and travel time at traffic volumes 
75 percent of the Base Capacity levels was approximately the same as with 100 percent 
of the Base Capacity volumes in comparison to the Base Network.  At 50 percent of the 
Base Capacity volumes, the MLT Network was significantly less effective in reducing 
delay and did not reduce travel time in comparison to the Base Network.   

• At low traffic volumes the MLT design does not reduce network travel time because of 
the additional time spent by traffic making U-turns. 

• The MLT Network was equally effective in reducing delay and travel time in both the 
high-intensity and suburban areas of the network with the Base Capacity volume 
assumptions.  The travel time reduction was higher in the suburban portion of the 
network (14 percent versus 7 percent reduction). 

• When traffic volumes were increased from the Base Capacity levels to the MLT Capacity 
levels, several of the stop-controlled U-turn locations required conversion to signal 
control.  The volume threshold for conversion to signal control was not identified as part 
of this study.   

• A U-turn opportunity was provided for each leg of the parkway-parkway intersection on 
the MLT Network.  A single U-turn lane on each leg was shown to be as effective as dual 
U-turn lanes for U-turn volumes ranging from 374 to 465 vehicles per hour.  Signal 
coordination and timing at the U-turn locations was such that the delay in the U-turn lane 
was approximately six seconds per vehicle and was only about six percent of the total 
delay per left-turning vehicle.   

• The minimum midblock right-of-way requirements for an eight-lane MLT corridor are 
estimated to be approximately 200 feet assuming a 60-foot median. 

• The minimum parkway-parkway intersection ROW width with the MLT intersection with 
dual right-turn lanes is approximately 225 feet, assuming the continuation of the full 60-
foot median width through the intersection. 

• The minimum ROW requirement for the SPUI intersection was estimated to be on the 
order of 214 to 220 feet for the intersection design assumed for this study.  This 
assumed that three lanes in each direction were carried through the grade separated 
portion of the intersection, dual left-turn lanes on each approach, a single right-turn lane, 
and no through lanes on the intersection ramps. 


