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Abstract 

In Egypt, recently, unconventional intersections have gained popularity among policymakers where 

conventional countermeasures that exemplify increasing cycle length, actuated signals, and signal 

coordination systems did not have the ability to overcome the operational problems of traffic congestion. 

The most important of these intersections is the intersection of the median U-turn. This research evaluated 

and investigated the operational performance of the median U-turn (MUT) in urban areas under balanced 

and unbalanced volume scenarios. SYNCHRO was used to optimize the signal cycle length, and the signal 

cycle lengths were extracted from SYNCHRO and used as input in PTV VISSIM (student version). This 

study was based on the average vehicle delay and overall capacity for intersection as measures of 

effectiveness (MOE) in comparison between the median U-turn and the conventional counterpart. The 

median U-turn intersection had the lowest average delay under balanced and unbalanced volume 

conditions in all scenarios. The conventional intersection had the lowest capacity, around 950 vehicles per 

hour/ approach, while the median U-turn had the highest capacity, around 1650 vehicles per hour/ 

approach.  Compared to this value, the capacity of the MUT is 57% higher than conventional intersection. 

Finally, the distance between the main and second intersections was investigated of the MUT under 

balanced volumes. The distance of 300 meters between the main intersection and crossover U-turn was 

the best in cases of heavy traffic volumes that were close to the capacity of the intersection. In addition, 

the distance of 200 m was well in cases of moderate traffic volumes, while the distance of 100 m had the 

highest delay for all levels of volumes.   
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Introduction 

       The increase in population density in Egypt coupled with the increase in car ownership in urban areas, 

has created a traffic burden on at-grade intersections. Also, it has led to the emergence of many defects in 

the pavement layers and the use of many techniques to address them [1-4]. Conventional intersections 

were ineffective and insufficient in dealing with traffic congestion at at-grade intersections as a result of 

the increased number of signal phases [5, 6]. The traditional solutions, such as adding protected left-turn 

signal phases, optimization signal timing, exclusive left-turn signal, grade separation, and widening 

intersection approaches, were also insufficient to alleviate congestion [7]. Therefore, engineers resorted 

to adopting innovative intersections as an alternative to traditional intersections to alleviate congestion 

and improve traffic safety. Most of the traffic congestion at conventional intersections was attributed to 

the increased left-turn volume.  This problem has been mitigated by using unconventional intersections 

that re-route left-turn movements, and thus the operational performance and traffic operation have been 

improved [8-12]. This study focused on the median U-turn intersection design which was applied widely 

in urban areas worldwide. The median U-turn or what is called Michigan MUT because it was used widely 

in Michigan for many years [13]. The MUT has gained popularity as it has the ability to alleviate traffic 

congestions by prohibiting left-turn vehicles and redirecting them to a U-turn at the median opening 

downstream of the intersection, as shown in Figure (1). Drivers on the minor road who want to make a 

left turn onto the major road must first make a right turn at the main intersection, then execute a U-turn at 

the median opening, and finally merge with the through traffic on the major road.  Prohibiting left-turn 

movements at the main intersection led to reducing signal phases from four to two. This procedure 

improved the operational performance at the main intersection by reducing conflict points from 32 conflict 

points to 8 conflict points at the main intersection, so in sequence the average delay for vehicles was 

reduced and enhanced traffic safety. SYNCHRO and micro- simulation software PTV VISSM were used 

in this study to investigate and analyze the operational performance of the median U-turn intersection and 

a conventional counterpart [14]. Some disadvantages of the MUT design include increased travel distances 

for left-turn movements, an increased number of stops for left-turn movements, driver confusion, and a 

large right of way (ROW). 

Pervious Work 

       Many researchers have investigated the median U-turn intersection by utilizing hypothetical volumes 

(balanced and unbalanced volumes) to reflect different congestion levels. However, this does not simulate 

other prevailing conditions that may have existed at the intersections [13,15-17]. The state of Michigan 

proposed the median U-turn as an alternative to the conventional intersection to address capacity 

problems. The MUT design presented an increase in capacity of 20% - 50% compared to conventional 

TWLTL designs (Maki 1998). With regard to network travel times, the median U-turn designs had lower 

travel times than conventional five-lanes (TWLTL) designs [18]. Additionally, the median U-turn 

intersection has been used and implemented in Michigan for more than 40 years [19].  



                                                                                                                                                                                                     

 

       Bared and Kaisar (2002) investigated the use of a median U-turn design as an alternative for a left-

turn at a signalized intersection in terms of traffic operational benefits. They compared a conventional 

intersection (consisting of four lanes intersecting with four lanes) with a signalized median U-turn 

intersection. CORSIM was utilized as micro-simulation software in this research. The results showed that, 

for balanced flow, the total reduction in travel time for the median U-turn was significant compared to the 

conventional intersection [20].  

       Topper and Hummer (2005) studied the impact of locating U-turns on the major roads and the minor 

roads for unconventional intersections where left-turns were prohibited at the main intersections. Under 

the majority of all volume combinations, the results indicated a significant reduction in delay, total travel 

times, and number of stops achieved by the U-turns located on the minor road compared to the U-turn 

located on the major road [21]. 

Another study on unconventional intersections was conducted in Mansoura City, Egypt, by Shahdah 

et al. (2015). The authors compared the unconventional median U-turn with the conventional signalized 

intersection in terms of the average delay per vehicle. In this study, the geometric design for both 

unconventional median U-turn and conventional intersections consists of four legs, and the main street 

consists of two lanes in both the east and west approaches, while the minor street consists of one lane in 

both the north and south approaches. The results demonstrated that the unconventional median U-turn 

design performed better than the conventional signalized intersection under low traffic volumes of up to 

3500 vehicles per hour. Also, the unconventional median U-turn completely failed under heavy traffic 

demands because no vehicle could complete its trip through the intersection and all vehicles had to queue 

outside the traffic network. The authors also recommended not using the unconventional median U-turn 

under higher left-turn percentages [22]. 

The operational and environmental performance of the median U-turn design was further 

investigated by Hashim et al. (2017) where the authors compared un-signalized conventional three-leg, 

conventional signalized three-leg with corresponding median U-turn (three-leg with median U-turn) 

intersections. The authors used hypothetical balanced and unbalanced volume conditions. The findings 

concluded that, for balanced volume scenarios of up to 1250 vehicles per hour per approach, the median 

U-turn design showed slightly lower delays than the conventional three-leg intersections. After this 

volume level, the conventional three-leg intersection experienced fewer delays than the median U-turn 

design [23].  

 Some studies have focused on replacing left-turn movements with right-turn movements followed 

by U-turn movements, like a study conducted by Taha et al. (2017) investigating the three left-turn 

treatments (three left-turn control types) under different traffic conditions. SYNCHRO software was used 

to obtain the optimized signal timing, and VISSM micro-simulation software was used as an analytical 

tool to model three left-turn control types: right turn followed by U-turn, direct left turn, and U-turn 

followed by right turn by using the optimized signal time that was obtained from SYNCHRO. The impact 

of a location U-turn from the main intersection on the average delay was also investigated. The findings 

demonstrated that, when the U-turn locations were 200 meters from the main intersection, unconventional 

left-turn control types had less delay and travel time than direct left-turn (DLT). Also, when the U-turn 

locations were 100 meters from the main intersection, the right-turn followed by U-turn (RTUT) 

outperformed the other left-turn control types [24].  



                                                                                                                                                                                                     

 

 

Finally, there were some interesting studies investigating prohibiting left-turn movements on 

driveways, for example, in the thesis of Derov (2003), eights sites were selected for use in the evaluation 

of three alternatives for left-turn movements from driveways. Case 1 considered no constraints on making 

direct left turns from or to driveways. Case 2 prohibited direct left turns in or out of driveways and 

converted left-turn traffic to a U-turn at the next intersection. Case 3 considered no direct left-turn in or 

out the driveways and converted left-turn traffic at U-turn at mid-block (after or before the intersection). 

The results showed that when the non-restricted case was compared to the U-turn alternatives, there was 

a reduction in delay for some volumes of the main line (corridor) [25].   

 

 

 

Methodology 

       The aim of this study is to investigate the operational performance of the median U-turn design in 

urban areas and compare it with the conventional counterpart. Synchro was used to create optimal signal 

cycle length, and VISSM was used to model both the conventional and median U-turn designs under 

different traffic conditions. Safety and pedestrian movements were not used in the current study. The 

research gap in this study is the application of this methodology to intersections in urban areas within 

cities where the width of the island is small, such as intersections in Egypt. 

Geometric design 

       The median U-turn intersection in urban areas had special specifications, the most important of which 

was that the width of the island was very small compared to the width of the island in rural areas. The 

MUT intersection had the following geometric design elements: 

• All approaches have two lanes: one through-only lane and one shared (through with right) lane. 

The difference between the conventional and MUT is that the conventional contains two lanes 

shared (one through with left and another through with right).  

• All are four-leg intersections. 

• The width of the island was four meters because of the lack of right of way in urban areas. 

• To overcome the difficulty of maneuvering vehicles, the opening distance at the U-turn crossover 

was 10 meters. By visual observation, drivers were able to perform the maneuver as a result of the 

opening distance at the U-turn crossover being 10 meters; this distance facilitates the maneuvering 

of one vehicle and not more than one in parallel, according to the behavior of drivers in Egypt. 

According to the distance between the main intersection and the U-turn crossover, a distance of 400 to 

600 feet was recommended by the AASTHO (American Association Of State Highway And 

Transportation Officials) Green book, while 660 feet plus or minus 100 feet (170 m to 230 m) was 

recommended by The Michigan Department of Transportation (MODT). For the median U-turn design, 

three spacing distances between the main intersection and the U-turn crossover were modeled and tested, 



                                                                                                                                                                                                     

 

including 100 m, 200 m, and 300 m. The purpose of studying these distances is to obtain the optimal 

distance that meets the lowest delay.  

Traffic volumes 

       This study was based on two types of hypothetical volumes: balanced and unbalanced volume 

scenarios under default driving behavior parameters. The conventional and median U-turn designs were 

simulated and tested under the two scenarios. Where a balanced volume scenario refers to a situation 

where the traffic volumes on each leg of the intersection are the same. In contrast, the unbalanced scenario 

presents a situation of main-minor intersecting roads. Modelling all volume scenarios with 20% and 30% 

left-turn volumes despite that keeping the same approach volume allowed for the investigation of the 

effect left-turn volume percentage on the performance of the intersection. As a consequence, 83 

unbalanced volume scenarios were tested in PTV VISSIM. For balanced volume scenarios, the volumes 

varied from 300 up to 1700 veh/h/approach with 100 veh/h/approach increments except for the volumes 

300, 500, and 1200. Using all these scenarios to reflect different traffic volume conditions during peak 

hour traffic and off-peak hours. Table 1 presents the balanced and unbalanced traffic volume scenarios 

tested in this research. 

Traffic Volumes 

Approach Volume 

Movements 

Through/ left/ right Main 

road 

minor 

road 

Balanced 

Volumes 

300 

500 

700 

800 

900 

1000 

1100 

1200 

1400 

1500 

1600 

1700 

300 

500 

700 

800 

900 

1000 

1100 

1200 

1400 

1500 

1600 

1700 

70 / 20/ 10 

Unbalanced 

Volumes 

For capacity 

1000 

1400 

1600 

1800 

2000 

(Each 

volume  

with all 

volumes 

in the 

minor 

road) 

300 

600 

900 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 

70 /20 /10 

60/ 30 /10 

2500 

Unbalanced 

volumes 
900 

350 

550 

750 

900 

70 /20 / 10 

60 / 30 /10 

 

Table 1. Balanced and unbalanced volumes scenarios. 

 



                                                                                                                                                                                                     

 

 

 

 

Figure 1. Geometric elements of the median U-turn 

intersection (MUT). 

 

Traffic micro-simulation models 

       One of the most popular micro-simulation software tools for modeling and simulating real-world road 

networks and traffic patterns is PTV VISSIM which was utilized in this study to model all volume 

scenarios. VISSIM had numerous advantages with regard to the construction of road networks, driving 

behavior parameters, and different types of vehicles. Heavy vehicles, bus, passenger car, tram, and van 

were numerous types of vehicles that could simulate the reality of traffic flow on the roads [14-17,26,27]. 

Only passenger cars and van vehicles was utilized in this study. PTV VISSIM had different car-following 

models such as Wiedemann 99 and Wiedemann 74 models [28]. The Wiedemann 74 car-following model 



                                                                                                                                                                                                     

 

and default driving parameters was utilized in in this study. The lane width was set to 3.7 m with no 

shoulders. The average speed for conventional and MUT intersections was 50 km/h (31 mph) for all 

approaches, whereas the turning speed on right-turn and U-turn zones was set to 25 km/h. The traffic 

stream was comprised of 98% passenger cars and 2% van vehicles. No Heavy Vehicles (HV) was used in 

the model as they are prohibited in urban areas in Egypt. SYNCHRO was used to create optimal signal 

cycle lengths for all balanced and unbalanced scenarios. A pre-timed signal controller was used with 4 s 

amber and 1 s all-red intervals for all balanced and unbalanced traffic conditions. Each scenario was run 

four times with a different number of seeds. The first 100 seconds were excluded from the simulation and 

considered as a warm-up time. 

Results and Discussion 

The average control delay calculated was used as a measure of effectiveness in the process of evaluating 

the operational performance of the median U-turn design compared to the conventional counterpart for all 

volumes. According to the Highway Capacity Manual seven edition (HCM 2022) [29], the intersection 

capacity is determined as the maximum throughput volume when the average control delay reached 80 

s/veh, which corresponds to LOS F.    

Balanced volume scenario 

       Three spacing distances were investigated to obtain the optimal distance and their effect on the 

operational performance of the MUT design. It was worth noting that none of the three designs was able 

to accommodate a total approach volume higher than 1700 vehicles per hour. When the input volumes in 

the VISSIM exceeded this value, an error message stating that the vehicle was not able to finish its trip 

well and many vehicles were not generated. The effect of spacing distances on the operational performance 

of the MUT according to average control delay is shown in Figure 2. 

       As illustrated in Figure 2, the minimum spacing distance between the main intersection and crossover 

of the MUT design (100 m) had the highest average delays when compared to other spacing distances. 

From volume 300 up to volume 1200, the MUT design with space distance 200 had slightly lower delay 

compared to the MUT design with 300 space distance, whereas from volume 1200 up to failure point for 

the intersections, the MUT 300 was outperformed than other designs. The reason this was superior in large 

vehicle volumes was that the queue was not at a level where it was able to close the main intersection, or 

spillback. The conventional four-leg intersection was compared to the median U-turn (space distance 200) 

and the median U-turn (space distance 300) in terms of the average delay at balanced volume scenarios as 

shown in Figure 3. The results of the comparison indicated that the conventional intersection exhibited 

higher delays than other MUT designs and reached its maximum capacity at approximately 950 veh/h for 

each approach, while the capacity of the MUT (space distance 200) and the MUT (space distance 300 m) 

was about 1650 and 1700 veh/h/approach, respectively . This rapid failure in capacity for the conventional 

design was due to increasing the number of signal phases and allowing left-turn movements at the main 

intersection. This indicated that the capacity of the conventional intersection was about 43% lower than 

the MUT (space distance 200). 



                                                                                                                                                                                                     

 

 

Figure 2. Delay variation with spacing distance change for the median U-turn (MUT) 

 

Figure 3. Delay comparison of the conventional, median U-turn (space distance 200), median U-turn (space distance 300). 
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       20% and 30% of left-turn volumes were used to study their impact on the performance of two median 

U-turn designs of spacing distances of 200 and 300 m. Increasing the left-turn volumes from 20% to 30% 

of the total approach volume led to an increase in average delay as shown in Figure 4 and Figure 5.  

       As illustrated in two previous figures, when the volumes of left-turn were increased from 20% to 

30%, this generated additional delays at the intersection. From volume 300 to 1000, the impact of 

increasing left-turn is low. As the volume exceeded 1000 veh/hr/approach, the difference in average delay 

becomes significant. It is noteworthy that the capacity decreased from 1650 veh/h up to 1415 veh/h for 

the median U-turn (spacing distance 200 m), while it dropped from 1700 veh/h up to 1500 veh/h for the 

median U-turn (space distance 300 m) when increasing the left-turn percentage from 20% to 30%, 

representing about 14.2% and 11.7% reduction, respectively. 

Unbalanced Volumes 

       The operational performance of the Median U-turn intersection was conducted under different 

unbalanced volume scenarios at 20% and 30% left-turn splits for both major and minor streets. The 

unbalanced used volumes were 1000, 1400, 1600, 1800, and 2000 veh/h/approach on the main street where 

the U-turn crossover was plotted as shown in Figure 6, and the volumes on the minor street were 300 to 

1200 in increments of 300 and 1300 to 2500 in increments of 100,.  

 

Figure 4. Effect of increasing the Left Turn (LT %) on the performance of the median U-turn (spacing distance 200) under 

balanced volume scenarios.  
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Figure 5. Effect of increasing the Left Turn (LT %) on the performance of the median U-turn (space distance 300) under 

balanced volume scenarios.  

       This procedure was used to obtain the failure point of the median U-turn where its capacity reaches 

its maximum and level of service reaches failure (i.e., LOS F). As illustrated in Figure 5, when increasing 

the traffic volumes on the main street, the ability of the minor street to accommodate much traffic volume 

is decreased. When the traffic volume on the major street was 1000 veh/h/approach, the minor street could 

accommodate traffic volumes up to 2500 veh/h/approach, whereas it could not accommodate larger than 

1200 veh/h/approach when the traffic volume was 2000 veh/h/approach on the major street for 20% left-

turn. In other words, before the intersection reaches the failure point, increasing the traffic volumes on the 

minor road in turn reduces the volumes that can be accommodated by the main road. As an example from 

this study, putting a traffic volume equal to 1000 veh/h/approach on the main road led to the minor road 

being able to accommodate 2500 veh/h/approach before the intersection reached the failure point, but 

when we add the extra volumes on the main road, the minor road will accommodate fewer vehicles and 

vice versa.  

       Increasing the left-turn from 20% up to 30% had a negative impact on the capacity of the median U-

turn. The minor road barely could accommodate 1900 veh/h/approach, whilst the volumes were 1000 

veh/h/approach on the main street. While the same volume (1000 veh/h) on the main street when the left-

turn percentage was 20% only, the minor road could accommodate approximately 2500 veh/h. 
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Figure 6. Average vehicle delay for the median U-turn intersection under unbalanced volume scenarios. (a) 20% LT (left-

turn) and (b) 30% LT (left-turn). 

       Finally, as shown in Figure 7, the conventional intersection was compared with the median U-turn 

(space distance 200 m) and the median U-turn (space distance 100 m) under unbalanced traffic volume 

conditions. The impact of increasing the percentage of left-turn of the conventional and the median U-

turn for the 100 m and 200 m spacing distances was also analyzed. Volume levels were set as moderate 

volumes, where the volume on the major street was set to 900 veh/h/approach. The results concluded that 

the MUT designs outperformed compared to the conventional designs. The MUT (space distance 200 m) 

with 20% left-turn had the lowest delay, whilst the conventional intersection with 30% left-turn 

experienced the highest delay. The median U-turn (space distance 100) with 20% left-turn had similar 

delays when compared to the median U-turn (space distance 200 m) with 30% left-turn up to volume 550 

veh/h/approach. After this volume, the median U-turn (space distance 100 m) with 20% left-turn 

experienced slightly lower delays compared to the median U-turn (space distance 200 m) with 30% left-

turn. The median U-turn (space distance 100 m) design with 30% left-turn exhibited higher delays when 

compared to other median U-turn designs and experienced lower delays when compared to the 

conventional intersection, whether the conventional design was with 20% left-turn or with 30% left-turn. 

0

10

20

30

40

50

60

70

80

90

100

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

A
ve

ra
ge

 v
eh

cl
e 

d
el

ay
 (

s)

E-W approach volume (veh/h)

N-S approach volume=2000-30% L N-S approach volume=1800-30% L N-S approach volume=1600-30% L

N-S approach volume=1400-30% L N-S approach volume=1000-30% L



                                                                                                                                                                                                     

 

 

Figure 7. Average delay at the analyzed intersection under unbalanced volume scenarios, major street approach volumes = 

900 vehicle / hour, 20% LT (left-turn) and 30% LT (left-turn). 

Conclusion and recommendations

       This study analyzed the operational performance of the median U-turn intersection under balanced 

and unbalanced traffic volume scenarios using VISSM. The impact of spacing distance between the main 

intersection and the U-turn crossover on the operational performance of the MUT design was also 

evaluated. The MUT intersection with a spacing distance of 100 m had the highest delay and as such it is 

not recommended for implementation in urban areas. For moderate traffic volumes, it is preferred the 

MUT intersection with a spacing distance of 200 m, while a MUT with 300 m spacing is recommended 

for heavy traffic conditions before failure point (LOS F). The comparison between the conventional and 

MUT designs was made in terms of average vehicle delay. The results demonstrated that there was a 

reduction in average vehicle delays of the median U-turn designs in all balanced and unbalanced traffic 

volumes. The capacity of the MUT intersection was 57% higher than the conventional intersection. 

Despite a similar previous study conducted by El Esawey et al. (2011) concluded that the capacity of the 

MUT was 8% up to 10% higher than the conventional intersection, this higher increase in capacity is 

attributed to a number of reasons. Firstly, in the MUT intersection tested in this study, no heavy vehicles 

were allowed. This enhances the driver's ability to maneuver quickly and easily at the U-turn crossover. 

Secondly, the signal phases of the conventional intersection were four phases, where one signal phase was 

dedicated to all movements on the one-leg approach. This led to increasing the cycle length very much. 

Thirdly, differences in geometric design between this study and the previous study. Finally, the opening 

at the U-turn crossover was 10 m, where this large distance enhanced the driver's ability to maneuver. 
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Finally, most of the previous research focused on the operational performance of the median U-turn while 

was there a little research investigated safety and the effect of pedestrians. Most research results concluded 

that the median U-turn intersection outperformed in the operational performance compared to the 

conventional counterpart intersection. Safety analysis and pedestrians left for future research.   
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