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ABSTRACT 

 

 With an increase in demand on the current roadway system, intersections are beginning to 

fail before the end of the design period.  Generally, an intersection is formed when two roadways 

cross.  One of the roads usually services higher traffic volume than the other.  This roadway is 

designated as the major or arterial road.  The second road, which services a lower traffic volume, 

is called the minor or collector road.  The purpose of the major road at the intersection is to 

provide a high level of service for the through traffic.  When the level of service of an 

intersection has reached an unacceptable level, the typical treatment to increase both the capacity 

and level of service is to add another through lane.  Unfortunately, this treatment does not add as 

much time to the life cycle of the intersection as it did in the past. 

 

 In an attempt to improve the performance of an intersection and to increase the life cycle, 

several unconventional intersections have been designed.  The unconventional designs examined 

during this study include the bowtie, continuous flow intersection, jughandle, median U-turn, and 

superstreet.  These designs remove exclusive left turn lanes from the major road at the 

intersection in order to provide a longer green phase for the through traffic.  The unconventional 

designs as well as the conventional designs were examined based on area required, traffic 

simulation, and estimated cost of construction. 

 

 Each intersection was designed in accordance with AASHTO standards for a passenger 

vehicle.  The design was carried out using AutoCAD 2006 and traffic simulation was conducted 

using Synchro Studio 7 with SimTraffic.  Construction costs were estimated using the average 

per item cost data provided by the Florida Department of Transportation.  

 

 After reviewing and analyzing the data obtained during this study, it can be concluded 

that the continuous flow intersection and median U-turn designs provide the highest level of 

service.  However, the estimated construction cost of the continuous flow intersection is 

approximately 50% more than the conventional solution and the construction cost of the median 

U-turn is approximately 35% more than the conventional solution.   

 



 x

 Other factors should be considered when determining if one of the unconventional 

solutions should be implemented.  Factors to be considered include expected population growth, 

right of way availability, and driver expectancy.   As this study was not based on an existing site, 

these factors were not considered.  However, these factors could have a profound affect on traffic 

flow and should be evaluated on a case by case basis. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Overview 

 

 Travel by mode trends indicates the use of personal automobiles is increasing as more 

households are able to afford an automobile.  As a result, roadways have become more congested 

and traffic flow has suffered.  Delay time at intersections has increased while average speeds 

have decreased.  Many of the intersections that are in place today were designed several years 

ago and cannot accommodate the volume of traffic that passes through in an efficient manner.  

An addition of vehicles to the roadway has resulted in an increase in delay time for through 

traffic because the traffic signal must remain green longer for the exclusive left turn lanes.  

Engineers have attempted to alleviate the congestion at high-volume intersections using 

conventional improvements such as actuated signal systems, multiple left turn lanes, additional 

through lanes, and right turn lanes.   

 

 

Figure 1.1.1:  Future Car Ownership 
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 A recent study has shown that conventional methods of adding capacity to an intersection 

have diminishing returns.  For example, if the addition of a second through Lane adds 15 years to 

the life of the intersection before it reaches capacity, the addition of a third through Lane adds 

only 10 years, and a fourth through Lane adds only six years.  Intersections and roadways in 

general, follow the transportation and lane use cycle as shown in Figure 1.1.2 below.  After an 

intersection has undergone improvement, the value of the land surrounding the intersection 

increases which may lead to changes in the development of the land.  The land may be developed 

commercially, which will result in increased traffic generation through the intersection.  As the 

traffic generation through the intersection increases, and the level of service provided by the 

intersection will decrease.  In order to improve the level of service of the intersection, 

improvements must be made. 

 

 

 

 Figure 1.1.2:  The Transportation-Land Use Cycle 

 

 Larger intersections increase lost time due to longer clearance intervals, protected left 

turn phasing, longer pedestrian clearance time, greater imbalances in lane utilization, and 

potential queue blockage (caused by the resulting longer cycle lengths).  To help improve the 
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functionality of the intersection, several unconventional at-grade alternatives have been 

designed.  The unconventional designs include the bowtie, continuous flow intersection (CFI), 

jughande, median U-turn, and superstreet.  The common element among these alternatives is the 

removal of direct left turning from the major facility. 

 

 Indirect left turns can improve the safety and operations of high-volume intersections.  

These designs remove the left turning vehicles from the traffic stream without causing them to 

slow down or stop any through traffic lane, thereby reducing the potential for delay and rear end 

crashes.  Right angle crashes are also likely to decrease after indirect left turn treatments are 

implemented.  Such treatments are effective on divided highways with medians too narrow to 

accommodate left turn lanes with sufficient storage capacity. 

 

 There are two major principles of the unconventional alternatives.  First, the emphasis is 

on reducing delay for through vehicles.  Serving through vehicles is the main purpose of the 

arterial functional class.  Second, the unconventional alternatives try to reduce the number of 

conflict points at intersections and separate the conflict points which remain.  The 

unconventional alternatives reduce the number of conflict points by rerouting some left turns.  

The reduction in conflict points helps to improve safety and increase traffic flow. 

 

 Studies have shown that the unconventional alternatives have reduced the delay for 

through traffic.  However, new problems have been discovered in regards to the unconventional 

alternatives.  The alternatives have the potential to cause more driver confusion than 

conventional arterials.  Furthermore, the alternatives may require more space and impact the 

established right-of-way, leading to higher cost of construction than conventional methods.  

Other disadvantages of the unconventional alternatives include more turning movements for left 

turns, more guide signs and pavement markings, and pedestrians may have a longer distance to 

walk in order to cross the intersection. 
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1.2 Objectives and Scope 

 

 With an increase in automobiles on the roadways, the level of service of intersections 

continues to deteriorate.  The conventional intersection design solution provides a temporary 

relief and requires updating and/or modifications after a short period of time.  The objective of 

this study was to determine if the benefits provided by the unconventional alternatives justify the 

additional cost to design and construct the unconventional alternatives.  This study would be 

achieved by designing the conventional and unconventional alternatives in accordance with the 

standards set forth by the American Association of State Highway and Transportation Officials 

(AASHTO).  Each alternative would be designed using computer aided drafting (CAD) software.  

This will allow geometric comparisons to be made between each alternative.  Furthermore, each 

CAD drawing will be imported into traffic simulation software in order to determine the effects 

on traffic flow by each alternative.  Finally, the construction cost of each alternative will be 

based on the geometrics and area required to implement each alternative. 

 

1.3 Methodology 

 

 In order to accomplish these objectives, plans were laid out and agree upon for the 

purpose of compiling the correct amount of information and getting the correct procedures to go 

about the analysis.  The plans followed were an extensive literature review, the design of each 

alternative, the simulation of traffic for each alternative, and the estimated construction cost of 

each alternative. 

 

1.3.1 Intersection Design 

 

 Each intersection shall be designed in accordance with the guidelines set forth by the 

AASHTO manual.  The intersections will follow a four-leg design consisting of a major and 

minor facility.  For simplicity, it will be assumed that each leg of the intersection is level and that 

the two facilities cross at a 90° angle to one another.  The intersections will be designed based on 

a vehicle speed of 45 miles per hour and an urban setting.  Therefore, the design vehicle used 
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will be a passenger vehicle and it will be assumed that 2% or less of the vehicles traveling 

through the intersection will be tractor-trailers. 

 

 In order to compare intersection improvements, a base or “control” intersection must first 

be defined and analyzed.  The existing intersection for this study will consist of two four lane 

roads intersecting at a 90° angle.  Two lanes will be dedicated to each direction of travel.  The 

travel lanes of the major road will be separated by an 18 foot wide median while the travel lanes 

of the minor road will not be separated by a median.  At the intersection, the major road will 

provide one exclusive left turn lane from each direction of travel and no exclusive right turn 

lanes, while the minor road will not provide an exclusive lane for left or right turning.   

 

1.3.2 Traffic Simulation 

 

 Traffic simulation will be performed using Synchro Studio 7 and SimTraffic by 

Trafficware.  The simulation program allows the user to import an AutoCAD drawing in DXF 

format as a background.  The AutoCAD background essentially serves as a template so the user 

can replicate the intersection in Synchro Studio 7.  After the intersection has been designed in 

Synchro Studio 7, the user can then define simulation parameters such as driver characteristics, 

volumes on both the major and minor facility, and signalization.  Once the intersection has been 

designed and the simulation parameters defined, SimTraffic will be initiated to perform the 

simulation. 

 

 When the simulation is complete, the software will create reports outlining measures of 

effectiveness of the intersection.  Measures of effectiveness to be analyzed include level of 

service, average speed of vehicles for each lane in miles per hour, number of stops per vehicle, 

the time spent per vehicle in the system, and the queue that forms in each lane during the red 

phase of the traffic signal.  Also, the simulation report will estimate the number of gallons of fuel 

consumed as well as emissions released into the atmosphere. 
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1.3.3 Construction Cost 

 

 The AutoCAD 2006 software will not only be used to design or draw each intersection 

configuration, but it will be used to quantify the areas of the travel lanes and medians.  The 

construction cost for each intersection design will be estimated using the average item cost 

published by the Florida Department of Transportation on their website.  Construction costs to be 

considered include asphalt, base, friction course, and concrete used to construct medians.  

Furthermore, the cost to acquire additional right of way needed to construct each intersection 

configuration will be estimated as well. 

 

 The cost to construct each unconventional alternative will be compared to the cost of 

constructing the conventional intersection solution.  The comparison of the cost between each 

unconventional alternative and the conventional solution will allow one to determine if it is 

feasible to construct an unconventional alternative. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Overview 

 

 Conventional intersection designs often are not capable of alleviating congestion without 

incurring significant improvement costs and increased conflicts (2).    Arterial roadways are 

typically designed and built with the intention of providing superior traffic service over collector 

and local roads (8).  Historically, most arterials constructed in urban centers were not structured 

to accommodate future growth or expansion (8).  Non-conventional intersections provide unique 

channelization of particular turning movements and indirect traffic movements (2).  

Consequently, capacity is enhanced (with an increase in effective green) and delay may be 

reduced when the number of signal phases is reduced (2).  Right of way limitations often 

constrain the transformation of an arterial to a higher functional classification roadway (8). 

 

 There are several unconventional intersection designs that are available.  However, the 

five unconventional intersection designs that have received the most attention include the bowtie, 

continuous flow intersection, jughandle, median U-turn, and superstreet.  The five 

unconventional intersection designs listed above will be the focus of this study. 

 

 

2.2 Unconventional Intersection Designs 

 

2.2.1 Bowtie 

 

 The bowtie alternative, shown in Figure 2.2.1 below, is a variation of the median U-turn 

alternative with the median and the directional crossovers on the cross street.  To overcome the 

disadvantages of requiring a wide right of way on the cross street, the bowtie uses roundabouts 

on the cross street to accommodate left turns.  Left turns are prohibited at the main intersection, 
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which therefore requires only a two-phase signal.  Vehicles yield upon entry to the roundabout, 

but if the roundabout has only two entrances, the entry from the main intersection does not have 

to yield.  The roundabout diameter, including the center island and circulation roadway, varies 

from 90 feet to 300 feet or depending on the speed of traffic on the approaches, the volume of 

traffic served, the number of approaches, and the design vehicle.  The distance from the 

roundabout to the main intersection could vary from 200 feet to 600 feet, trading off spillback 

against extra travel distance for left-turning vehicles.  The arterial may have a narrow median.  

U-turns on the arterial are difficult, having to travel both through roundabouts and through the 

main intersection three times, so the arterial should accommodate mid-block left turns directly. 

 

 

 

 

 

 

Figure 2.2.1:  Bowtie 

 

2.2.2 Continuous Flow Intersection (CFI) 

 

 The continuous flow intersection, as shown in Figure 2.2.2 below, features a ramp to the 

left of the arterial upstream of the main intersection to handle traffic turning left from the arterial.  

Usually, high volumes will justify a signal at the crossover where the ramp begins.  Engineers 

can easily coordinate this two phase signal with the signal at the main intersection so that arterial 
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through traffic stops no more than once.  The left turn ramp remains along the arterial and meets 

the cross street near the main intersection.  A single signal controls the main intersection and the 

left turn ramp minor street intersection.  The major breakthrough with this design is that arterial 

through traffic and traffic from this left turn ramp can move during the same signal phase 

without conflicting; this allows protected left turns with a two phase signal.  The cross street stop 

must be set back beyond the left turn ramp, which probably means more lost time and longer 

clearance intervals for the cross street signal phase.  Right turns are removed from the conflicts 

near the intersection with ramps.  U-turns on the arterial are possible at the left turn crossover if 

the median is wide enough.  Without provision for U-turns the arterial median may be narrow.  

The left turn ramp usually crosses the opposing traffic 300 or so feet from the cross street to 

balance the various high costs of a longer ramp against the chance of spillback from the main 

intersection blocking the signal at the crossover.  If left turns to the arterial are heavy at the 

continuous flow intersection, a third signal phase may be needed at the main intersection.  To 

avoid the third phase, designers can use left turn ramps in three or all four quadrants of the 

intersection.  Right of way adjacent to the intersection is needed for the left-turn ramps.  Left-

turning vehicles make more stops than at conventional intersections, and may experience a 

slightly higher delay.  Through traffic benefits greatly from this CFI design.   

 

 The footprint of a continuous flow intersection is greater than that of a conventional 

intersection because it requires right-turn lanes and acceleration lanes in each quadrant.  It takes 

less space than an interchange, however.  The construction cost of a CFI may be two to three 

times the cost of a standard intersection design due to increased right-of-way costs, and the need 

for additional, coordinated signal controllers.  The use of extensive special directional signing is 

key to maximizing driver understanding and acceptance.   

 

 Safety improvements may be experienced by the left-turn movement due to the relocation 

of the turn lane and rear-end crashes with through vehicles may be reduced.  Congestion related 

collisions may also decrease if stop-and-go conditions occur less often.  The number of 

merging/diverging conflict points is the same at a continuous flow intersection as compared to a 

conventional four-leg signalized intersection; all left-turn conflicts are removed.  However, the 

number of angle conflicts would triple.  The continuous flow intersection offers the potential for 
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a major reduction in left-turn collisions, but there is a potential for a major increase in angle 

collisions. 

 

 

 

Figure 2.2.2:  Continuous Flow Intersection 

 

 

2.2.3 Jughandle 

 

 As defined in the New Jersey Department of Transportation design manual, a jughandle, 

as shown in Figure 2.2.3 below, is “an at-grade ramp provided at or between intersections to 

permit the motorists to make indirect left turns and/or U-turns.”  Jughandles are one-way 

roadways in two quadrants of the intersection that allow for removal of left-turning traffic from 

the through stream without providing left-turn lanes.  The jughandle alternative uses ramps 

diverging from the right side of the arterial to accommodate all turns from the arterial.  All turns-

right, left, and U-turns are made from the right side of the roadway.  Drivers wishing to turn left 

exit the major roadway at a ramp on the right and turn left onto the minor road at a terminus 

separated from the main intersection.  In the four approach jughandle intersection, the ramps are 

prior to the intersection.  Left turns from the arterial use the ramp, then turn left on the cross 
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street at the ramp terminal.  Ramp terminals are typically stop controlled for left turns and yield 

controlled for channelized right turns.  In modern jughandles, ramp terminals are several hundred 

feet from the main intersection to insure that queues from the signal on the cross street do not 

block the terminal.  Since no U-turns or left turns are allowed directly from the arterial, the 

median may be narrow.  The signal at the main intersection may need a third phase, for left turns 

from the cross street, if the volume is heavy. 

 

 If jughandles are used as the only way drivers can make left turns and U-turns along a 

section of arterial, all turns will be made from the right lane.  This could decrease driver 

confusion, decrease lane changes, and increase travel speed in the left lane.  If left turns from the 

ramp terminal are difficult, loop ramps beyond the main intersection can be used to 

accommodate left turns from the arterial.  Also, loop ramps can be employed beyond the 

intersection for left turns from the cross street to avoid the third signal phase.  Jughandles for 

three approach intersections and jughandles exclusively for U-turning traffic use ramps that 

curve back to meet the arterial. 

 

 With the removal of left-turn lanes at the signalized intersection location, the signal can 

be operated with either two or three phases.  The third phase would be needed to accommodate 

minor street left-turn movements.  The reduction in phases allows for either shorter cycle times 

or allocation of green times to the major street through movements.  Shorter cycle lengths should 

be considered to minimize vehicle queues on the cross street.   

 

 Jughandles remove left-turning vehicles from the through lanes and thus are likely to 

reduce crashes as long as sufficient signing is provided to help eliminate driver confusion.  No 

significant increase in crashes has been experienced since the implementation of the jughandles, 

though a decrease in crashes is not reported, either.  Driver confusion may result when 

jughandles are first constructed in an area.  Also, areas with significant numbers of unfamiliar 

drivers may experience problems related to driver confusion.  Signing should be used to inform 

drivers how to make turns.   
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 Pedestrians on the cross street will have to cross the ramp terminal, thus increasing their 

exposure to potential conflict.  The main intersection, however, will maintain a minimum width, 

and crossing distance will not increase, as it would with construction of a left-turn lane.  The 

number of vehicle conflict points of a traditional four-leg signalized intersection is 32.  In 

comparison, a four-leg signalized intersection with two jughandles has only 26 conflict points.  

The reduction in conflict points is a result of removing the left-turning movements.  The 

reduction in conflict points offers the potential for significant decrease in left-turn collisions. 

 

 Less right-of-way is needed along the roadway because left-turn lanes are unnecessary.  

However, more right-of-way is needed at the intersection to accommodate the jughandles.  

Jughandles commonly are constructed in advance of the intersection.  If left-turn movements 

onto the cross street are problematic, a loop ramp may be constructed beyond the intersection to 

allow these vehicles to make a right turn onto the cross street.  The disadvantage is the travel 

distance is greater. 

 

 Design criteria for jughandles have been established by the New Jersey Department of 

Transportation.  Below is a list of the key design elements: 

 

• Deceleration lane length should be determined based on speed of mainline and 

speed of exit curve 

• Desirable exit curve radius should be between 250 and 300 feet 

• Ramp length should be sufficient to accommodate vehicle storage 

• Number of lanes equal one or two 

• The minimum lane width for a one-lane ramp should not be less than 22 feet 

• The ramp should be located a sufficient distance from the adjacent signalized 

intersection to avoid queue spill back from the signal 

• No access should be permitted to the ramp 

• Right-turn radius at cross street should be a minimum of 35 feet from the ramp to 

the cross street.  This movement should be channelized. 
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 The amount of land required for construction of a jughandle ramp depends on the storage 

and super elevation requirements of the ramp.  The NJDOT design manual recommends a 

minimum of 100 feet between the ramp terminal intersection at the cross street and the stop bar 

for the signalized intersection.  Hummer and Reid (10) suggest that each jughandle typically 

requires a triangle with dimensions 400 feet by 300 feet.  The infield area created by the ramp 

may be used as a drainage basin; however, the water surface should be located outside the clear 

zone.  Additional landscaping maintenance may be required for the infield area.   

 

 

Figure 2.2.3:  Jughandle 

 

 

2.2.4 Median U-turn 

 

 The median U-turn, also known as the Michigan Left, shown in Figure 2.2.4 below, 

requires left turns to and from the arterial to use directional median crossovers.  At a signalized 

intersection, left turns from the arterial proceed beyond the intersection, make a U-turn at the 

crossover, and make a right turn back at the main intersection.  Left turns to the arterial first 

make a right turn at the main intersection and then make a U-turn at the crossover.  Left turns are 

prohibited at the main intersection, so the signal there has two phases.  The directional 

crossovers may be signalized or controlled by stop signs, depending on the volumes and other 

usual considerations.  A signal at a directional crossover should be coordinated with signal at the 

main intersection, requiring arterial drivers to stop no more than once.  The median crossover 
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may also be located on the minor road.  In this case, drivers wishing to turn left from the major 

road turn right on the minor road and left through the median crossover.  Minor road vehicles 

turn left onto the major road by proceeding through the intersection, making a U-turn, and 

turning right at the major road.  Median U-turn crossovers also may be provided on both the 

major and minor roads at an intersection.  Median U-turn crossovers are very common in 

Michigan, and drivers are very familiar with them.  They have been in use for more than 30 

years, and the signing has evolved to become more user friendly. 

 

 Due to design, median U-turn crossovers require a wide median to enable the U-turn 

movement.  Median U-turns may be appropriate at intersections with high major-street through 

movements, low to medium left turns from the major street, low to medium left turns from the 

minor street, and any amount of minor street through volumes.  Locations with high left-turning 

volumes may not be good candidates for median U-turns because the out-of-direction travel 

incurred and the potential for queue spill back could outweigh the benefits associated with 

removing left-turns from the main intersection.  Median U-turns can be applied on a single 

approach. 

 

 Median U-turn crossovers allow for two-phase signal operation.  This can reduce signal 

cycle length and delays for through vehicles.  Left-turning vehicles have to travel further to 

complete the turn, which may offset some operational benefits achieved for through traffic.  

Installing traffic signals at median U-turn locations requires additional storage for the U-turn 

movement and requires coordination with the adjacent signalized intersections.  The reduction in 

phases at the signalized intersection improves the ability to coordinate traffic signals along a 

corridor. 

 

 A median U-turn crossover configuration eliminates all crossing (left-turn) conflict 

points.  It also reduces the number of merge/diverge conflict points as compared to a four-leg 

signalized intersection.  The number of conflict points at a four-leg signalized intersection with a 

median U-turn crossover configuration is 16, as compared to a traditional four-leg signalized 

intersection which has 32.  The reduction of conflict points offers a potential for a minor 

decrease in merging/diverging collisions as well as a potential for a major decrease in left-turn 
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collisions.  Also, a reduction in conflict points can lead to an increase in travel speed and 

capacity. 

 

 The capacity of a median U-turn relative to a conventional arterial at a signalized 

intersection is an interesting trade-off.  The capacity increases for the median U-turn due fewer 

signal phases with less lost time but decreases because there are typically fewer approach lanes 

and because left-turning vehicles pass through the intersection twice.   

 

 Roadways with median U-turns generally have a greater cross section width resulting in 

an increased crossing distance for pedestrians.  The number of movements that conflict with 

pedestrians at intersections with upstream/downstream median U-turns is reduced.  Turning 

paths of the median U-turn should be evaluated to ensure that vehicle paths do not encroach on 

bike lanes.  Access should be restricted on facilities within the influence of median U-turn 

locations.  Local property owners may oppose such restrictions, particularly if the access already 

exists.  Education and enforcement are needed to ensure that vehicles are not making illegal left 

turns at the main intersection. 

 

 

 
Figure 2.2.4:  Median U-Turn 

 

 

2.2.5 Superstreet 

 

 The superstreet median crossover, shown in Figure 2.2.5 below, improves operation of 

the main road through maneuver, and also reduces delay for left turns off the major road. The 



 16

superstreet provides the best conditions for through arterial movements short of interchanges. 

The superstreet requires cross street through movements and left turns to and from the arterial to 

use the directional crossovers.  A through movement is accomplished by turning right onto the 

major road, turning left through the crossover, and turning right again back onto the minor road.  

Also, as with the median U-turn design, drivers are not able to turn left from the crossroad onto 

the major road, and a median U-turn is used to accomplish the left-turn maneuver.  Left turns 

from the major road are direct.  Four approach intersections become two independent three 

approach intersections.  This independence allows each direction of the arterial to have its own 

signal timing pattern, including different cycle lengths if desired, so that engineers can achieve 

perfect progression in both directions at any time with any intersection spacing.  Pedestrians can 

make a relatively safe but slow two stage crossing of the arterial.  Other design details of the 

superstreet are identical to median U-turns. 

 

 At an intersection with a low volume cross street, a designer could dispense with the 

crossovers at the intersection.  Another variation is to reverse the direction of the crossovers at 

the intersection to allow left turns to the arterial in cases where those are the heavier volume 

movements.  However, these crossovers create difficult merges from the left on the arterial.  

Researchers have shown that forcing cross street traffic to turn right onto an arterial first, and 

then left, back onto the cross street, is generally superior to a left then right pattern. 

 

 This design is appropriate in situations where there are high through volumes on the 

major road but only relatively low volumes of through traffic on the cross road, since this 

through movement is interrupted.  For crossroads with higher through volumes, an offset 

superstreet crossover design can be used.  With this design, the approaches on the crossroad are 

offset, and are at the same location as the median crossovers.  This allows minor road through 

vehicles to proceed straight from the crossover to the crossroad without turning.  There are fewer 

conflict points with this intersection design than with conventional intersections.  Though this 

design may cause confusion for pedestrians, there is less opportunity for conflicts with vehicles. 

 

 The superstreet design can result in more stops for through vehicles than other designs.  It 

also creates out-of-direction travel for cross street through and left-turn movements, which limits 
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their capacity and increases their travel times.  There is a potential for driver and pedestrian 

confusion with this design.  A public information campaign may be desirable in order to prepare 

drivers for the opening of the new intersection.  Signs guiding drivers through the intersection 

will be appropriate, especially in areas where superstreet median crossovers are not common.   

 

 The design of a superstreet median crossover is similar to that of a median U-turn 

crossover.  Crossovers should be located approximately 600 feet from the main intersection.  A 

semi-trailer combination design vehicle would need a median width of 50 feet to accommodate a 

U-turn.  Additional right-of-way would not be required to construct this treatment where the 

major streets already have a wide median.   

 

 

 

Figure 2.2.5:  Superstreet 

 

 

2.3 Summary of Literature Review 

 

 With the number of vehicles on the road increasing, the life span of the majority of 

existing intersections has been decreased.  Therefore, many of the existing intersections will 

need improvements or will need to undergo a re-design before originally expected.  When 

determining the appropriate action, one must consider the area that will be impacted, the cost of 

implementation, and the effect on traffic flow.  The unconventional intersection designs 
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presented all have the main goal of improving the traffic flow for the through traffic of the major 

road.  Also, the unconventional designs examined for this study all provide an at-grade solution, 

which keeps the complexity of the design and the cost to implement to a minimum. 

 

 The articles and research papers reviewed for this study provide an in depth analysis on 

the unconventional intersection individually with some comparison to the other unconventional 

designs. Further examination of the unconventional intersections needs to be conducted as well 

as direct comparisons between all of the designs being examined in order to determine when one 

of the designs should be considered.   
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CHAPTER 3 

 

 INTERSECTION DESIGN 

 

3.1 Overview 

 

 The intersections of study vary drastically visually in plan view, but they have some 

design features in common.  Following, is a description of the design features shared by all of the 

intersections being considered.  The design of both the conventional and unconventional 

intersections will be in accordance with the standards outlined in A Policy On Geometric Design 

of Highways and Streets 2004 published by the American Association of State Highway and 

Transportation Officials.  The geometrics for each intersection will be based on a passenger 

design vehicle and a design speed of 45 miles per hour.  Each lane, whether a through lane or 

turn lane, will be 12 feet wide and shoulders will be 4 feet wide.  The intersections will be 

formed by two roadways crossing at a 90 degree angle to one another.  For simplicity, each leg 

of the intersection will be straight and considered to be level.  The design of each leg will extend 

954 feet from the center of the intersection.  The length of each leg from the center of the 

intersection was determined from the intersection design that required 954 feet from the center of 

the intersection as a minimum. 

 

 Parameters considered that influenced the design of each intersection include design 

vehicle, design speed, and stopping sight distance.  These parameters influence design elements 

such as turning radii, taper length, storage bay length, median width, and distance from the 

intersection that turning moments had to take place.  
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3.2 Conventional Intersections 

 

3.2.1 Base Intersection 

 

 The base intersection, which will represent the “control” condition, consists of a major 

and minor roadway.  The major road will be expected to experience a higher traffic volume than 

the minor roadway.  Both the major and minor roadway will have four travel lanes, two travel 

lanes in each direction.  The travel lanes of opposite direction of the major road will be separated 

by an 18 foot median, which will allow for an exclusive left-turn lane approaching the 

intersection and still provide a six foot median between the two inner travel lanes.  The travel 

lanes of opposite direction of the minor road will not be separated by a median. 

 

 Approaching the intersection from each direction of the major road will be an exclusive 

left-turn lane.  For the design vehicle and the design speed, a taper length of 100 feet leading 

from the inside travel lane to the exclusive left-turn lane is recommended.  Also, the length of the 

exclusive left-turn lane or storage bay should be 360 feet.  This distance allows for a driver to 

recognize the traffic signal and to have enough space to stop, therefore preventing from entering 

the intersection and being involved in an accident.  Exclusive right-turn lanes will not be 

provided on either the major or minor road.  To ensure the design vehicle will be able to turn 

right from one road to the other, the intersecting roads will be connected with a thirty foot radius 

in each quadrant. 

 

 Exclusive left-turn lanes will not be provided on the minor road, however, left-turning 

will be permitted at the intersection from the minor road to the major road.  As stated above, the 

travel lanes of the major road will be separated by a median.  There must be an opening between 

the medians to allow for the left turn movement from the minor road.  Due to the exclusive left-

turn lanes on the major road, the width of the medians at the intersection will be six feet.  Also, 

the medians will have a semicircular end treatment.  For these conditions, the AASHTO manual 

recommends a minimum length of median opening of 74 feet. 
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 To construct this intersection design, an area of 244,476.6 square feet is required.  The 

area of the travel lanes including the shoulders is 221,420.4 square feet and the area of the 

medians is 23,056.2 square feet.   

 

 Please refer to Appendix A, page number 48 for a detailed drawing of the base 

intersection. 

 

 

3.2.2 Additional Through Lane 

 

 The traditional or conventional solution to improve the capacity and level of service of 

the “base intersection” is to add an additional through lane along the major road.  This design, 

like the base intersection, consists of a major and minor road.  There will be three through lanes 

along the major road and the two most inner lanes will be separated by an 18 foot wide median.  

At 460 feet from the intersection, an exclusive left-turn lane will begin along the major road.  

The taper length will be 100 feet and the storage length will be 360 feet.  The exclusive left-turn 

lane will be 12 feet wide, thus leaving a 6 foot wide median between the two inner most lanes of 

the major road.  An exclusive right-turn lane will not be provided along the major road. 

 

 The minor road will consist of four travel lanes, two in each direction.  The travel lanes 

will not be separated by a median.  Also, exclusive turn lanes will not be provided along the 

minor road; however, left-turn and right-turn movements will be permitted at the intersection 

from the minor road to the major road.  To ensure the design vehicle will be able to turn left from 

the minor road to the major road, the length of the median opening (like the base intersection) 

will be 76 feet. 

 

 This design requires an area of 288,924.2 square feet.  The travel lanes plus shoulders 

will occupy 265,868 square feet and the medians will occupy 23,056.2 square feet. 

 

Please refer to Appendix A, page number 49 for a detailed drawing of the additional 

through lane intersection. 
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3.3 Unconventional Intersections 

 

3.3.1 Bowtie 

 

 The bowtie design removes left-turn movements from the major road to the minor road.  

Vehicles that want to make a left-turn from the major road to the minor road are redirected along 

the minor road and pass back through the intersection via a roundabout.  The major road consists 

of four travel lanes, two in each direction.  The two most inner lanes are separated by an 18 foot 

wide median.  At the intersection, a median opening length of 76 feet will used in order to 

provide adequate space for turning and through vehicles from the minor road.  Only right turn 

movements are allowed from the major road, however, an exclusive right turn lane will not be 

provided for this study.  The major and minor roads will be connected by 30 foot radii in each 

quadrant so the design vehicle will be able to make right turns from the major to minor road or 

vice versa.  

 

 The minor road will have four travel lanes, two in each direction.  The travel lanes will 

not be separated by median.  Furthermore, exclusive turn lanes will not be provided, but left and 

right turns will be permitted from the minor road to the major road at the intersection.  A 

roundabout will be located on each leg of the minor road to direct vehicles that ultimately want 

to make a left turn from the major road back through the intersection.  The roundabouts will be 

located approximately 350 feet from the intersection.  This distance was chosen in order to 

prevent spillback starting at the roundabout from reaching the intersection, which could lead to 

accidents.  To help improve traffic flow, the roundabouts will have two lanes and the diameter of 

the inscribed circle will be 72 feet.   

 

 The bowtie design requires a total area of 256,909.3 square feet.  The area of the travel 

lanes plus shoulders is 215,859.9 square feet and the area of the medians is 41,049.4 square feet. 

 

Please refer to Appendix A, page number 50 for a detailed drawing of the bowtie 

intersection. 
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3.3.2 Continuous Flow Intersection 

 

 

The continuous flow intersection (CFI) is slightly different from the other unconventional 

intersection designs in the sense that it does not require turning vehicles to pass through the main 

intersection twice.  The CFI begins the left and right turning movements further away from the 

intersection than conventional intersections.  Left turning vehicles cross-over the travel lanes of 

opposite direction of the major road and then intersect with the minor road, where a traffic signal 

permits the vehicles to cross the travel lanes of the minor road in order to complete the left turn.  

Right turning vehicles will exit the major road on the right side and travel parallel to the major 

road.  The travel lane for the right turning vehicles will then curve to the right and run parallel to 

the minor road.  The right turning vehicles will then merge onto the minor road at a point past 

where the left turn vehicles cross-over the travel lanes of opposite direction. 

 

The distance of the left turn cross-over from the intersection is based on the design speed 

and the queue that is expected to form during the red phase at the intersection between the cross-

over and the oncoming travel lanes.  For the design criteria of this study, the left turn cross-over 

will be located 430.7 feet from the main intersection.  A deceleration lane will direct the left 

turning vehicles from the through lanes.  The length of the deceleration lane will be 339.4 feet.  

This will provide adequate stopping sight distance.   

 

The exit lane for right turning vehicles will begin 331.9 feet away from the intersection.  

The merge lane for the right turning vehicles will begin 428.6 feet from the intersection.  The 

merge lane will be 339.4 feet long.  A taper of 100 feet will be provided at the end of the merge 

lane to allow more space for the vehicles to merge. 

 

The CFI designed for this study covers an area of 336,449.3 square feet.  The travel lanes 

occupy 280,576.4 square feet and the medians occupy 55,872.9 square feet. 
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Please refer to Appendix A, page number 54 for a detailed drawing of the continuous 

flow intersection. 

 

3.3.3 Jughandle 

 

 The jughandle design has been utilized by the New Jersey Department of Transportation 

(NJDOT) on a large scale basis.  In fact, the NJDOT has prepared standards for the design of 

jughandles (14).  The standards set forth by the NJDOT were adhered to for this study. 

 

 The jughandle removes all turning movements from the major road at the intersection.  

Vehicles wishing to make a left or right turn from the major road to the minor road exit from the 

major road via a ramp on the right side of the road.  The ramp connects the major and minor 

road, thus providing vehicles from the major road to turn left or right onto the minor road.  The 

intersection between the major road exit ramp and minor road is signal controlled, which protects 

the vehicles making left-turns.  The exit ramp should intersect the minor road at a minimum 

distance of 100 feet from the main intersection.  The distance from the main intersection to the 

intersection between the exit ramp and minor road should long enough to allow for sufficient 

stopping sight distance and to prevent spillback from the intersection to the main intersection.  

Due to the design speed (45 mph), the required distance from the main intersection to the 

intersection between the exit ramp and minor road is 224.1 feet. 

 

 The major road will consists of four lanes with two lanes being dedicated to each 

direction.  The two inner most lanes will be divided by a 12 foot wide median.  A deceleration 

lane will lead vehicles from the through travel lanes to the exit ramp connecting to the minor 

road.  Design guidelines established by the NJDOT recommend a deceleration lane length of 285 

feet and a taper length of 180 feet for a design speed of 45 miles per hour.  Also, a curve with a 

340 foot radius is needed to connect the deceleration lane with the tangent section leading to the 

minor road.  The design speed for the exit ramp will be 35 miles per hour, which requires a 

minimum stopping sight distance of 250 feet.  Given the other constraints discussed above, the 

length of the tangent section of the exit ramp is 303.5 feet. 
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 Four travel lanes will be provided by the minor road, two lanes for each direction.  The 

travel lanes will not be separated by a median.  Left and right turning movements will be 

permitted at the main intersection from the minor road to major road, however, exclusive turn 

lanes will not be provided for the turning movements.  NJDOT recommends a minimum radius 

of 30 feet connect the minor and major road to provide adequate space for right turning vehicles.  

Also, a median opening of 88 feet along the major road will be used to ensure vehicles making a 

left turn from the minor to major road will not encounter the median in their path. 

 

 The jughandle design requires an area of 266,049.2 square feet.  The travel lanes plus 

shoulders occupy 244,240 square feet and the medians occupy 21,809.2 square feet. 

 

Please refer to Appendix A, page number 51 for a detailed drawing of the jughandle 

intersection. 

 

 

3.3.4 Median U-turn 

 

 The median U-turn design is also known as the Michigan U-turn as the Michigan 

Department of Transportation has implemented the design at a few hundred locations.  This 

design does not permit left turning from the major road to the minor road at the intersection.  

Instead, left turning vehicles are directed through the intersection and then make a midblock u-

turn, heading back towards the main intersection.  Once the vehicle returns to the intersection, it 

will make a right turn onto the minor road, thus completing the indirect left turn.  Right turning is 

permitted at the intersection from the major road to the minor road, however, an exclusive right 

turn lane will not be provided.   

 

 To accommodate the occasional tractor trailer, the median U-turn requires a 60 foot wide 

median.  A median 60 feet wide also allows for a deceleration lane from the inner travel lane of 

the major road to the U-turn lane.  The AASHTO manual recommends the median U-turn 

opening be located 400 to 600 feet away from the intersection to allow the left turn traffic to 

approach the intersection on a green signal.  For this study, the median U-turn opening will be 
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located 420 feet away from the main intersection.  The location of the median U-turn opening 

will allow for a 360 foot deceleration lane with a 100 foot taper.  The taper will begin 60 feet 

away from the main intersection.  These distances are governed by the design speed and 

minimum stopping sight distance.  The intersection between the U-turn lane and minor road will 

be signal controlled.  This will ensure vehicles will be able to enter the travel lane of the major 

road and head back towards the major intersection. 

 

 There will be four travel lanes along the minor road, two for each direction.  Left and 

right turn movements will be permitted from the minor road to the major road at the main 

intersection.  Vehicles making a left turn from the minor road to the major road must traverse 

two travel lanes and the width of the median (60 feet) before they have the opportunity to turn 

left.  During the yellow phase, a vehicle will not be able to travel the distance and clear the 

intersection before oncoming traffic begins to move.  Therefore, another traffic signal must be 

present along the minor road in the main intersection.  The width of the median will provide 

adequate storage space for three vehicles. 

 

 The median U-turn design requires an area of 278,347 square feet.  The travel lanes plus 

shoulders occupy 223,033.4 square feet and the medians need 55,313.6 square feet. 

 

 Please refer to Appendix A, page number 52 for a detailed drawing of the median U-turn 

intersection. 

 

 

3.3.5 Superstreet 

 

The superstreet design is a variation of the median U-turn.  Both designs require a 60 foot 

wide median and forces vehicles to make a midblock U-turn.  However, the designs differ in the 

routes traveled by the vehicles from both the major and minor road.  The major and minor roads 

will consists of four travel lanes, two travel lanes for each direction.  The two inner most travel 

lanes of the major road are separated by a 60 foot wide median, while the travel lanes of the 

minor road are not separated by a median.  The vehicles traveling along the major road are 
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permitted to make left and right turns at the main intersection whereas the vehicles traveling 

along the minor road must make a right turn at the main intersection; they are not permitted to go 

through the intersection as their path will be blocked by a concrete median.  The median dividing 

the inner two lanes of the major road and the median located in the center of the main 

intersection are designed to channelize the vehicles making a left turn from the major to minor 

road.  Vehicles wanting to go through the main intersection or turn left from the minor road must 

first turn right onto the major road and then complete the midblock U-turn and head back 

towards the main intersection. 

 

The midblock U-turn will be located 474 feet away from the main intersection.  An 

additional travel lane will be provided along the major road from the main intersection to direct 

vehicles from the minor road to the midblock U-turn.  The width of the additional travel lane will 

be 12 feet.  A deceleration lane will lead vehicles from the major road to the channel created for 

left turning movement by the two medians. The deceleration lane will be 294 feet long to allow 

for enough stopping sight distance.  A 100 foot long taper will be used to help to transition 

vehicles from the through lane to the deceleration lane. 

 

Right turn movements are permitted from the major to the minor road and vice versa.  

The roads will be connected by a 34 foot radius in each quadrant to allow the right turn 

movements to be completed at a faster speed.  The main intersection will be signal controlled; 

however, the phasing will be set in a way to allow the vehicles turning left from the major road 

to move at the same time the vehicles from the minor road are turning right.  This design allows 

the left turning vehicles from the major road to pass to the right side of each other, thus making it 

possible for the left turning vehicles to complete their movement at the same time. 

 

The superstreet design covers a total area of 280,026.8 square feet.  The travel lanes plus 

shoulders occupy 234,401.8 square feet and the medians occupy a space of 45,625 square feet. 

 

Please refer to Appendix A, page number 53 for a detailed drawing of the superstreet 

intersection. 
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3.4 Comparison of Intersections 

 

 Each intersection design of this study is unique and differs in how the left turn movement 

from the major road is treated.  Due to the lane configurations, the amount of space required to 

implement one of the intersections varies greatly.  Consideration for the amount of right-of-way 

that will need to be acquired in order to construct one of the intersections must be taken into 

account.  The existing conditions should be examined to determine if one of the unconventional 

intersection designs is feasible.  For instance, the presence of a building may prevent the 

acquisition of an area of land that is needed to construct a particular intersection of interest.  

Knowing the existing conditions before deciding which design to implement can save time and 

money. 

 

   Having information regarding the area of the travel lanes, medians, and right-of-way 

required for each type of intersection available can help practitioners make an informed decision.  

Table 3.4.1 below list the area of the travel lanes plus shoulders, medians, and the required right-

of-way for each intersection design. 

  

Table 3.4.1:  Area Required for Each Intersection Design 

Intersection 
Design 

Area of 
Travel Lns & 
Shoulders 

(SF) 
Area of Concrete 

Median (SF) 
Area of 

ROW (AC) 

Base Intersections 221,420.4 23,056.2 5.6 
Additional Through 
Ln 265,868.0 23,056.2 6.6 

Bowtie 215,859.9 41,049.4 5.9 

CFI 280,576.4 55,872.9 7.7 

Jughandle 244,240.0 21,809.2 6.1 

Median U-turn 223,033.4 55,313.6 6.4 

Superstreet 234,401.8 45,625.2 6.4 

 

 

 When discussing the area of a roadway, it is common to refer to the area in terms of 

acres.  To have a discussion in terms of square footage is impractical because the area of a 
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roadway in square feet is generally a large number, which could be difficult to remember.  

Therefore, in Table 3.4.1, the total area required for each intersection design has been converted 

to acres.  For the conversion, 1 acre equals 43,560 square feet.   

 

 From Table 3.4.1, it is evident that any improvement to the base intersection will require 

acquisition of additional right-of-way.  The conventional solution of adding an additional 

through lane requires the acquisition of more right-of-way than two of the unconventional 

alternatives (bowtie and jughandle).  The CFI requires the most area due to the amount of lanes 

that are added for the left and right turn movements.  The median U-turn and superstreet designs 

require the same amount of area. 

 

 When selecting an intersection improvement or deciding to re-design an intersection, it is 

important to know how the existing area will change.  For example, will the improvements or re-

design of the intersection stay within the existing right of way or will additional land be required.  

Table 3.4.2 illustrates the amount of additional right-of-way needed as a percent increase   

 

Table 3.4.2:  Percent Increase in ROW 

Intersection 
Design 

Increase in 
ROW (%) 

Additional Through 
Ln 17.9 

Bowtie 5.4 

CFI 37.5 

Jughandle 8.9 

Median U-turn 14.3 

Superstreet 14.3 

 

 

 Examination of Table 3.4.2 indicates that the conventional solution of adding an 

additional through lane will increase the area of right-of-way in more than four out of the five 

unconventional solutions.  The CFI requires the most right-of-way and its increase in area of the 

base intersection is more than two times that of the conventional solution. 
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CHAPTER 4 

 

TRAFFIC SIMULATION 

 

4.1 Overview 

 Performance data for each type of intersection design was unavailable.  Therefore, the 

performance of each intersection had to be simulated.  The simulation was conducted using 

Synchro Studio 7 and SimTraffic developed by Trafficware.  Synchro Studio 7 allows an 

AutoCAD DXF drawing to be used as a background.  This allows the user to design the 

intersection in Synchro with the desired dimensions. 

 

 Synchro implements the Intersection Capacity Utilization (ICU) 2003 method for 

determining intersection capacity.  This method compares the current volume to the intersections 

ultimate capacity.  Synchro also implements the methods of the 2000 Highway Capacity Manual, 

Chapters 15, 16, and 17; Urban Streets, Signalized Intersections, and Unsignalized Intersections.  

In addition to calculating capacity, Synchro can optimize cycle lengths, splits and offsets, 

eliminating the need to try multiple timing plans in search of the optimum.  The use of the 

optimization functions allows the level of service of the intersection or network to be maximized.  

Synchro reports the level of service for each lane of traffic and for the intersection or network as 

a whole. 

 

 SimTraffic is designed to model networks of signalized and unsignalized intersections.  

SimTraffic is especially useful for analyzing complex situations that are not easily modeled 

macroscopically including the operation of intersections under heavy congestion.  SimTraffic 

analyzes and displays measures of effectiveness (MOEs) such as slowing delay, stopped delay, 

stops, queue lengths, speeds, travel time and distance, fuel consumption and efficiency, exhaust 

emissions, and observed actuated green times. 

 

 The measures of effectiveness that will be analyzed for this study include level of service, 

average speed, and delay per vehicle.  In particular, the measures of effectiveness will be 
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analyzed for the east bound through lanes of the major road at the main intersection between the 

major and minor road.  The examination of one movement will help keep the study consistent.  

The performance of the intersection and the flow of traffic will be influenced by the simulation 

parameters.  The simulation parameters include driver characteristics, traffic volume, and 

signalization.   

 

 

4.2 Simulation Parameters 

 

4.2.1 Driver Characteristics 

 

 SimTraffic attempts to simulate driver characteristics such as deceleration rates, reaction 

times for both yellow and green light recognition, headway at various speeds, and gap 

acceptance.  The deceleration rate is not only influenced by the type of vehicle, it can be 

influenced by the driver’s response to roadway conditions.  For example, if a driver recognizes a 

yellow light within a short distance to the intersection, the driver may feel the need to press the 

brake pedal with more force than normal.  SimTraffic defines yellow deceleration as the 

maximum deceleration rate a driver is willing to use when faced with a yellow light.  If the 

driver is unable to stop using the yellow deceleration rate, they will continue, even if it means 

entering the intersection on red. 

 

 A driver’s reaction time to a yellow or green light will have an affect on the traffic flow.  

As a vehicle slows down or speeds up, the following vehicles will react and the reactions maybe 

vary different from one vehicle to the next.  More aggressive drivers will have a longer reaction 

time to yellow lights and a shorter reaction time to green lights as they are trying to pass through 

the intersection as soon as possible.  Spacing between vehicles also has an affect on the flow of 

traffic.  The spacing between vehicles is known as headway and is measured in time, usually 

seconds.  A more aggressive driver will maintain a shorter headway with the leading vehicle, 

which means there will be less time and distance for the aggressive driver to react to the 

movements of the leading vehicle.  The movement of the turning vehicles will be controlled by 

the gap acceptance factor.  The gap acceptance factor is an adjustment to the approach gap times.  
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This is the gap vehicles will accept at unsignalized intersections, for permitted left turns, and for 

right turns on red.  SimTraffic introduces ten different types of drivers into the simulation.  Table 

4.2.1 outlines the characteristics of each driver type. 

 

Table 4.2.1:  Driver Characteristics 

Driver Types 1 2 3 4 5 6 7 8 9 10 

Yellow Decel (ft/s^2) 12.00 12.00 12.00 12.00 12.00 11.00 10.00 9.00 8.00 7.00

Yellow React (s) 0.70 0.90 1.00 1.00 1.20 1.30 1.30 1.40 1.40 1.70

Green React (s) 0.80 0.70 0.60 0.60 0.50 0.50 0.50 0.40 0.30 0.20
Headway @ 0 mph 
(s) 0.65 0.63 0.60 0.58 0.55 0.45 0.42 0.40 0.37 0.35
Headway @ 20 mph 
(s) 1.80 1.70 1.60 1.50 1.40 1.20 1.10 1.00 0.90 0.80
Headway @ 50 mph 
(s) 2.20 2.00 1.90 1.80 1.70 1.50 1.40 1.30 1.20 1.00
Headway @ 80 mph 
(s) 2.20 2.00 1.90 1.80 1.70 1.50 1.40 1.30 1.20 1.00
Gap Acceptance 
Factor 1.15 1.12 1.10 1.05 1.00 1.00 0.95 0.90 0.88 0.85

 

 

4.2.2 Traffic Volume 

 

 Synchro Studio 7 allows the user to input traffic volumes for all travel lanes before the 

simulation conducted using SimTraffic.  This allows each intersection to be evaluated at different 

traffic volumes along the major and minor roads.  Running simulations at different volumes will 

allow one to determine the traffic volumes that will cause an intersection to fail and when the 

implementation of a particular design should be considered.  Since this study is not based on an 

existing site, traffic volumes for both the major road and minor road had to be selected.  Also, 

the directional split for this intersection will be 50:50. 

 

 Each intersection design will be evaluated at traffic volumes of 1000, 2000, and 3000 

vehicles per hour along each direction of the major road.  The traffic volumes along each 

direction of the minor road will be 626 and 1042 vehicles per hour.  Therefore, each intersection 

will be subjected to six simulations.    Furthermore, it will be assumed that 15% of all vehicles 

turn left, 74% go through the intersection, and 11% of the vehicles turn right at the intersection. 
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 The route of the left turning, right turning, and through traffic must be taken into 

consideration when entering the traffic volumes for each movement in Synchro.  For example, 

left and right turning vehicles traveling along the major road of a jughandle design must be 

coded to exit the major road via an exit ramp on the right side and then the vehicles must be 

coded to turn left or right at the intersection between the exit ramp and minor road. 

 

 The traffic volume will consist of mostly passenger vehicles.  However, 2% of the traffic 

volume will be semi-trucks.  SimTraffic simulates passenger vehicles based on a length of 16.0 

feet and a width of 6.0 feet.  Semi-trucks will be simulated at a length of 53.0 feet and a width of 

8.0 feet. 

 

4.2.3 Signalization 

 

 The performance of an intersection can be maximized by proper signal coordination and 

signal cycle lengths.  For this study, the signals at all intersections will be pre-timed.  However, 

the Synchro optimization function will be employed to set the timing of the signals and the cycle 

lengths.  Synchro starts with a short cycle length and optimizes the splits for that cycle length.  If 

the splits for each phase are not able to clear the critical percentile traffic, Synchro will try a 

higher cycle length until the critical percentile traffic is cleared.  By optimizing to accommodate 

percentile flows, Synchro will not recommend short cycle lengths unless there is extra capacity 

to accommodate traffic fluctuations. 

 

4.3 Traffic Simulation Results 

 

 Traffic simulations were conducted for each intersection design, including the base 

intersection.  Traffic volumes were applied as described above and the simulations were 

performed for 120 minutes.  The following three tables outline the results of each intersection at 

the various traffic volumes.  The tables were separated based on the traffic volume traveling 

along the major road.  The tables include the level of service, average speed, and delay per 

vehicle for the east bound lane of the major road at the main intersection between the major and 
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minor road.  Also, the tables differentiate between the measures of effectiveness based on the 

traffic volume along the minor road.  

 

Table 4.3.1:  Simulation Results for Major Road Traffic Volume of 1000vph 

Intersection Design 

Major Road 
Volume 
(vph) 

Minor 
Road 
Volume 
(vph) 

LOS, 
EBT 

Avg. 
Speed, 
EBT (mph) 

Delay/Vehicle 
(sec) 

Base 626 D 13 57.3 

  1000 1042 F 2 613.4 
Additional Through 
Ln 626 A 25 10.2 

  1000 1042 B 13 128 

Bowtie 626 B 16 24.3 

  1000 1042 F 2 1313.8 

CFI 626  A 15 1.0 

  1000 1042  A 13 1.2 

Jughandle 626 B 15 10.3 

  1000 1042 D 2 96.3 

Median U-turn 626 A 21 10.1 

  1000 1042 A 19 12.3 

Superstreet 626 A 8 13.4 

  1000 1042 B 1 894.8 

 

 At the lowest traffic volumes for this study, on both the major and minor road, the base 

intersection provides a level of service of D and the delay per vehicle is almost a minute.  

Increasing the volume along the minor road reduces the LOS to F and significantly increases the 

delay per vehicle for the base intersection.  Any improvement made to the base intersection 

increases the MOEs, especially when the traffic volume along the minor road is at the minimum 

value.  The greatest change was seen with the conventional solution of adding an additional 

through lane.  The CFI, jughandle, and median U-turn also enhanced the LOS, average speed, 

and delay time. 
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Table 4.3.2:  Simulation Results for Major Road Traffic Volume of 2000vph 

Intersection Design 

Major Road 
Volume 
(vph) 

Minor 
Road 
Volume 
(vph) 

LOS, 
EBT 

Avg. 
Speed, 
EBT (mph) 

Delay/Vehicle 
(sec) 

Base 626 F 6 826.3 

  2000 1042 F 3 2075.8 
Additional Through 
Ln 626 B 15 2323.9 

  2000 1042 C 14 2845.5 

Bowtie 626 F 5 683 

  2000 1042 F 3 2589.8 

CFI 626 C  13 1.3 

  2000 1042  B 16 .9 

Jughandle 626 D 5 43.8 

  2000 1042 F 3 65.7 

Median U-turn 626 B 15 17.5 

  2000 1042 F 9 36.5 

Superstreet 626 D 5 411.5 

  2000 1042 F 2 1577.6 

 

 Doubling the traffic volume (1000vph to 2000vph) along the major road nearly brings the 

vehicles to a stop through the base intersection.  Improvements are noted with the 

implementation of a third through lane, a CFI design, and a median U-turn design.  Although the 

addition of a third through lane allows vehicles to traverse the intersection at a speed of 15 mph, 

the delay per vehicle is significantly larger than that provided by the CFI, jughandle, and median 

U-turn designs.  The conventional solution shows little drop in performance when the traffic 

volume along the minor road is doubled.  This applies to the CFI and median U-turn designs as 

well. In fact, the CFI appears to perform better when the traffic volume along the minor road is 

increased. 
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Table 4.3.3:  Simulation Results for Major Road Traffic Volume of 3000vph 

Intersection Design 

Major Road 
Volume 
(vph) 

Minor 
Road 
Volume 
(vph) 

LOS, 
EBT 

Avg. 
Speed, 
EBT (mph) 

Delay/Vehicle 
(sec) 

Base 626 F 5 2802.5 

  3000 1042 F 4 4064.1 
Additional Through 
Ln 626 D 6 372.5 

  3000 1042 F 11 3690.1 

Bowtie 626 F 5 3150.1 

  3000 1042 F 4 4722.9 

CFI 626  D 20 .6 

  3000 1042  E 18 .8 

Jughandle 626 F 7 31.2 

  3000 1042 F 7 30.5 

Median U-turn 626 F 14 18.8 

  3000 1042 F 14 20.1 

Superstreet 626 F 8 558.1 

  3000 1042 F 2 3199.3 

 

 A traffic volume of 3000vph along each direction of the major road would be considered 

heavy.  At this volume, the conventional solution has begun to fail with a LOS dropping to D 

with a cross street volume of 626vph and dropping to F with a cross street volume of 1042vph.  

The average speed along the major road for the conventional solution has been reduced to 6mph 

and 11mph when the cross street volume is 626vph and 1042vph respectively.  With this higher 

volume, the CFI, jughandle, and median U-turn now out perform the conventional solution.  The 

average speed along the major road of the CFI has improved as the traffic volume along the 

major road has increased.  The traffic volume along the minor road does not appear to 

significantly affect the performance of the CFI design.  Both the jughandle and median U-turn 

designs maintain their performance as the traffic volume is increased along the major road. 

 

 The bowtie and superstreet designs do not provide any benefits over the conventional 

solution or the other unconventional designs.  It appears the additional distance and movements 

these designs impose on the left and right turning vehicles hinders the performance of the major 

road east bound through traffic.  Both designs actually cause an increase in traffic volume 

through the main intersection due to the re-routing of turning vehicles. 
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CHAPTER 5 

 

CONSTRUCTION COST 

 

5.1 Overview 

 

  A key element in the design of an intersection improvement is the cost to 

implement the design.  Numerous items must be accounted for when trying to estimate the cost 

of construction.  For this study, the items that will be considered for the cost estimate include 

right-of-way, superpave asphaltic concrete, base, asphaltic concrete friction course, and concrete 

class I.  These items were chosen because they have the greatest impact on the cost of 

construction.  A roadway typical section is depicted in Figure 5.1 which shows the relationship 

between the items that will be considered for the cost estimate. 

 

 

 

Figure 5.1:  Roadway Typical Section 
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 The cost for the items chosen will be obtained from the Florida Department of 

Transportation (FDOT).  The FDOT provides an item average unit cost at 

http://www.dot.state.fl.us/estimates/TRNSPORT/ItemAve2006/ItemAverage2006.pdf from 

1/12006 to 12/31/2006.  The costs for the selected items have been summarized in Table 5.1.   

 

 

Table 5.1:  Item Average Unit Cost 

Pay Item 
Unit 

Measurement
Weighted 
Average 

Right Of Way Acres $176,000.00

Superpave Asphaltic Conc Ton $103.51 

Base Optional Square Yard $20.74 
Asphaltic Conc Friction 
Course Ton $107.15 

Concrete Class I Cubic Yard $804.05 

 

 

 The cost of superpave asphaltic concrete and asphaltic concrete friction course are both 

paid for by the ton.  To obtain the ton unit for both items, the areas must first be converted to 

square yards, if they were originally measured in square feet.  The conversion is 1 square yard to 

9 square feet.  Once the area has been converted to square yards, multiply by the appropriate 

spread rate and then divide by 2000.  Spread rates measure how a quantity of material is spread 

over an area.  It is assumed that the spread is even. The spread rate is 275 lbs/yd
2
 for superpave 

asphaltic concrete and 165 lbs/yd
2
 for asphaltic concrete friction course.   

 

 Concrete class I is measured in cubic yards.  Concrete class I is used for the construction 

of the medians.  To obtain the number of cubic yards of concrete required, the area of the 

medians must be multiplied by the height of the median.  For this study, the height of all medians 

will be 6 inches or a half of foot.  Please note, the medians could be concrete, grass, or a 

combination of concrete or grass.  In order to make a direct comparison between the intersection 

designs, all of the medians will be assumed to be concrete. 

 

 The construction costs for each intersection design will be based on the construction of a 

new intersection.  The cost of implementing one of the intersection designs will be influenced by 
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the existing condition and by the amount of materials that can be reused.  Since this study is not 

based on an existing intersection, comparisons of construction costs can only be based on new 

construction. 

 

 

5.2 Construction Cost 

 

5.2.1 Convention Intersection Design Solution (Additional Through Lane) 

 

 The capacity of the intersection used as the basis for this study can be increased by 

conventional treatments such as adding an additional through lane along the major road.  The 

addition of another through lane will cause the major road as well as the intersection to widen.  

Under ideal circumstances, it could be assumed that the majority of the roadway and medians of 

the existing condition could be reused.  However, the cost estimated for the implementation of a 

third through lane will be based on the replacement of all materials.  Table 5.2.1 outlines the 

costs per pay item discussed above for the addition of a third through lane. 

 

Table 5.2.1:  Cost for Additional Through Lane 

Pay Item Cost 

Right Of Way  $                   1,167,370.51 

Superpave Asphaltic Conc  $                      420,444.39 

Base Optional  $                      612,678.04 
Asphaltic Conc Friction 
Course  $                      261,137.77 

Concrete Class I  $                   1,029,907.65 

Total  $                   3,491,538.34 

 

 

5.2.2 Bowtie 

 

 The bowtie solution removes the exclusive left turn lanes from the base intersection and 

leaves just two through lanes along the major road.  However, this design adds two large 

roundabouts, one each leg of the minor road.  Table 5.2.2 outlines the cost per pay item for the 

implementation of the bowtie design. 
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Table 5.2.2:  Cost for Bowtie 

Pay Item Cost 

Right Of Way  $                   1,038,017.37 

Superpave Asphaltic Conc  $                      341,361.45 

Base Optional  $                      497,437.15 
Asphaltic Conc Friction 
Course  $                      212,019.39 

Concrete Class I  $                   1,833,653.89 

Total  $                   3,922,489.25 

 

 

5.2.3 Continuous Flow Intersection 

 

 The continuous flow intersection (CFI) requires more area to implement then all other 

designs considered for this study.  The CFI introduces eight exit lanes to serve the left and right 

turning vehicles.  The exit lanes significantly increases the area required for the CFI design.  The 

cost to implement an intersection design is directly correlated with the area required.  Table 5.2.3 

outlines the cost per pay item to implement the CFI intersection design. 

 

 

Table 5.2.3:  Cost for CFI 

Pay Item Cost 

Right Of Way  $                   1,359,391.11 

Superpave Asphaltic Conc  $                      443,704.30 

Base Optional  $                      646,572.73 
Asphaltic Conc Friction 
Course  $                      275,584.48 

Concrete Class I  $                   2,495,811.40 

Total  $                   5,221,064.02 

 

 

5.2.4 Jughandle 

 

 The jughandle design removes all turning movements from the major road at the 

intersection.  Vehicles traveling along the major road exit via a ramp on the right side and 

intersect with the minor road several hundred feet away from the main intersection.  It is at the 

intersection between the exit ramp and minor road that the vehicles from the major road are able 
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to turn left or right.  Table 5.2.4 outlines the cost per pay item to implement the jughandle 

design. 

 

Table 5.2.4:  Cost for Jughandle 

Pay Item Cost 

Right Of Way  $                   1,074,946.26 

Superpave Asphaltic Conc  $                      386,241.81 

Base Optional  $                      562,837.51 
Asphaltic Conc Friction 
Course  $                      239,894.56 

Concrete Class I  $                      974,204.85 

Total  $                   3,238,125.00 

 

 

5.2.5 Median U-turn 

 

 The median U-turn design removes exclusive left turn lanes from the base intersection 

along the major road.  This design directs all left turning vehicles on the major road through the 

intersection and requires the vehicles to make a midblock U-turn and head back  and towards the 

main intersection and then make a right turn onto the minor road, thus completing the left turn 

movement.  In order for the design vehicle and occasional tractor-trailer to be able to make the 

mid-block U-turn, in the median separating the inner two lanes of the major road must be 

increased from 18 feet to 60 feet wide.  The required median width increases the overall area of 

the median U-turn design.  Table 5.2.5 outlines the cost per pay item to implement the design. 

 

 

Table 5.2.5:  Cost for Median U-turn 

Pay Item Cost 

Right Of Way  $                   1,124,634.34 

Superpave Asphaltic Conc  $                      352,705.64 

Base Optional  $                      513,968.08 
Asphaltic Conc Friction 
Course  $                      219,065.26 

Concrete Class I  $                   2,470,827.78 

Total  $                   4,681,201.11 
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5.2.6 Superstreet 

 

 The superstreet intersection design is a derivation of the median U-turn.  The superstreet 

design requires a median width of 60 feet along the major road, just like the median U-turn 

design.  However, the superstreet design does not direct left turn vehicles along the major road to 

pass through the main intersection and complete a midblock U-turn.  Instead, the superstreet 

design does not permit vehicles from the minor road to pass through the main intersection.  The 

vehicles from the minor road are required to turn right onto the major road and then complete the 

mid-block U-turn along the major road.  Table 5.2.6 outlines the cost per pay item for the 

implementation of the superstreet design. 

 

Table 5.2.6:  Cost for Superstreet 

Pay Item Cost 

Right Of Way  $                   1,131,422.22 

Superpave Asphaltic Conc  $                      370,683.66 

Base Optional  $                      540,165.93 
Asphaltic Conc Friction 
Course  $                      230,231.40 

Concrete Class I  $                   2,038,052.34 

Total  $                   4,310,555.54 

 

 

 

5.3 Comparison of Intersection Construction Cost 

 

 The cost estimated for each design, including the conventional solution of adding an 

additional through lane, was based on “new” construction.  The cost could be influenced by the 

existing condition and the re-use of materials already present at the site.  Furthermore, for this 

study, all medians were considered to be constructed entirely of concrete.  The medians could be 

a combination of concrete and grass, all grass, or asphalt.  The design of the medians could have 

a significant impact on the overall cost. 
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 When considering to implement one of the unconventional intersections over the 

conventional solution, it is important to know how much more cost will be incurred.  Table 5.3 

compares the cost of the unconventional intersections to the conventional solution.  Four of the 

five unconventional intersections will cost more to construct.  The jughandle intersection is the 

only design that would cost less to implement than the conventional solution.  The continuous 

flow intersection cost approximately 50% more than the conventional solution to implement.  

The cost of the CFI is significantly higher than the conventional solution because of the addition 

of eight ramps to serve left and right turning vehicles.   

 

 The costs of the median U-turn and superstreet designs are approximately 34% and 24% 

more than the conventional solution respectively.  These designs are more expensive primarily 

because they require medians along the major road to be 60 feet wide in order to accommodate 

the turning of the occasional tractor trailer.  The cost of the bowtie design is modestly more than 

the conventional solution.   The increase in cost can be contributed to the construction of two 

roundabouts. 

 

Table 5.3:  Comparison of Costs Between Alternatives 

Intersection Design 

Cost 
Increase 

(%) 

Bowtie 12.3 

CFI 49.5 

Jughandle -7.3 

Medain U-turn 34.1 

Superstreet 23.5 
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CHAPTER 6 

 

CONCLUSION AND RECOMMENDATIONS 

 

 Roadways are an integral part of our daily lives.  The performance of a roadway, 

particularly at an intersection, can have a great influence on our travels.  An intersection that has 

reached or is beyond capacity can be unsafe and significantly delay travel time.  When an 

intersection can no longer provide a reasonable level of service, an improvement must be made.  

The traditional or conventional treatment to increase capacity to an intersection is to add another 

through lane along the major road in both directions.  However, research has shown that the rate 

of new vehicles entering the roadways is increasing.  Therefore, the conventional treatment is 

failing before originally expected.   

 

 In an effort to extend the life of an intersection, several unconventional intersections have 

been designed.  The unconventional intersection designs examined during this study include the 

bowtie, continuous flow intersection, jughandle, median U-turn, and superstreet.  Each design 

eliminates exclusive left turn lanes from the major road at the intersection between the major and 

minor road.  The purpose of eliminating the exclusive left turn lanes from the major road at the 

intersection is to increase the green phase for through traffic.  The bowtie, median U-turn, and 

superstreet designs require left turning vehicles from the major road to pass through the 

intersection twice whereas the CFI and jughandle re-route the left turning vehicles.   

 

 The configuration of each unconventional design requires a different amount of right of 

way for implementation.  Both the CFI and jughandle introduce exit ramps for left and right 

turning vehicles whereas the median U-turn and superstreet designs require 60 foot wide 

medians along the major road and the bowtie design employs two roundabouts along the minor 

road.  The CFI requires the most area for implementation followed by the median U-turn, 

superstreet, jughandle, and bowtie.  The conventional solution requires more area than the 

unconventional solutions, with the exception of the CFI. 
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 Traffic simulations were conducted for each design, both conventional and 

unconventional, as existing data was not available.   Each design was tested under the same 

parameters using Synchro Studio 7 and SimTraffic.  The conventional treatment performed well, 

until the traffic volume along the major road reached 3000vph from each direction.  The bowtie, 

jughandle, and superstreet designs did not appear to significantly out perform the convention 

solution.  However, the CFI and median U-turn did out perform the conventional solution, 

particularly at higher volumes.  Both the CFI and median U-turn at least maintained their level of 

performance when the volumes were changed.  In fact, the performance of the CFI improved as 

the traffic volume increased.   

 

 Review of the simulation data indicates the traffic volume along the minor road has a 

dramatic impact on the performance of the intersection.  Increasing the traffic volume along the 

minor road while leaving the traffic volume along the major road constant results in a decrease in 

performance for the east bound through lane of the major road.  The level of service and average 

speed decreases and the delay per vehicle increases. 

 

 The cost of construction can determine whether or not a design will be considered.  The 

cost is directly proportional to the amount of right of way required.  Generally, the greatest cost 

is the acquisition of right of way.  All of the unconventional intersection designs cost more than 

the conventional solution with the exception of the jughandle.  The CFI cost the most at nearly 

50% more than the conventional solution followed by the median U-turn, superstreet, and 

bowtie.   

 

 The data obtained during this study suggest that the median U-turn design would be an 

appropriate alternative for the conventional solution in most instances.  The level of performance 

of the median U-turn did not fluctuate or decrease like the conventional solution, bowtie, 

jughandle, and superstreet.  The median U-turn was able to accommodate the highest traffic 

volumes used during this study and yet the cost is only approximately 35% more the 

conventional solution.  The CFI out performed all of the intersection designs, but the cost of 

construction is significantly higher than the conventional solution.  The CFI design should only 

be considered when both the major and minor roads are subjected to high traffic volumes. 
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 This study was based on data obtained by simulation as existing data or site was not 

available.  There are real world factors that could not be accounted for by this study.  First, the 

intersections were designed in AutoCAD assuming the major and minor roads intersected at a 90 

degree angle, which is not always the case in the field.  The angle of intersection can have a 

significant affect on the design of an intersection and the amount of right of way required for 

implementation.  These design factors have a direct impact on the cost of construction.  Second, 

the simulation software does not account for driver expectation.  Most drivers are accustomed to 

the conventional intersection.  A driver may react differently when approaching an unfamiliar 

design, such as one of the unconventional solutions.  The driver’s reaction can influence the flow 

of the traffic and could even lead to an accident.   

 

 This study can be improved by examining and obtaining data on existing intersections.  

Data from existing intersections where the unconventional treatment has been implemented will 

allow one to determine if the treatment has provided any safety improvements.    Before and after 

studies could be conducted as well as comparison group studies.  Furthermore, this study can be 

enhanced by designing the unconventional intersections based on an existing site.  Designing the 

unconventional intersections based on an existing site will provide insight into the difficulty in 

designing the intersections and may help identify disadvantages for each design.  Finally, 

statistical analysis among the designs could provide supporting evidence for choosing one design 

over another.  For example, analyzing the average speed for the through traffic statistically may 

indicate if the change in speed is significant. 
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APPENDIX A: INTERSECTION DESIGNS 
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Base Intersection 
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Additional Through Lane 
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Bowtie 
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Jughandle 
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Median U-turn 
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Superstreet 
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Continuous Flow Intersection 
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APPENDIX B: SIMULATION DATA 
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APPENDIX C: CONSTRUCTION COST DATA 
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