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Abstract. 

As part of a greater project to alleviate the traffic congestion along the Fawzi Moaz arterial road a 

study of the Victor Emmanuel roundabout was conducted. The study has as a goal to increase 

capacity and decrease congestion in the Victor Emmanuel roundabout. To do this a data was 

collected, analysed, and used to create two models. One in PTV Vissim and one in trafficwares 

Synchro 10 with the simtraffic application. Two scenarios where developed, one where the 

roundabout is signalized, and one where the roundabout is redeveloped into a flower roundabout, 

where the right turns are separated from the main circulating traffic. During the model development 

issues with missing information had to be address with the help of an iterative fitting process to 

model the route choices made inside the roundabout. The models where then calibrated to consider 

local conditions such as driver behaviour. No direct conclusions could be drawn from the simulations 

as the results gave way for multiple interpretations, but the results are that neither of the two 

tested scenarios gave a clear advantage over the do-nothing scenario. This as the traffic flow and 

delay data for both of the develop scenarios where less than in the do-nothing scenario for all except 

one movement. 

 

Sammanfattning. 

Som en del av ett övergripande projekt att minska trängsel längs med Fawzi Moaz gjordes en studie 

av cirkulationsplatsen Victor Emmanuel. Studien har som mål att öka kapaciteten och minska 

trängsel in cirkulationsplatsen. För att göra detta insamlades data som sen blev analyserad och 

använd för att skapa två modeller. Ena skapades i PTV Vissim och den andra i Trafficwars Synchro 10 

med simtraffic applikationen. Två alternativa scenarion blev framtagna, ett där cirkulationsplatsen 

blev signaliserad och ett där en den blev ombyggd till en ”flower roundabout”, där högersvängar är 

separerade från den cirkulerande trafiken. Under utvecklingen av modellen uppkom problem med 

brist på information för vilket en iterativ anpassningsprocess användes för att modellera rutt val inne 

i cirkulationsplatsen. Modellen blev kalibrerad för att bättre anpassas till de lokala körbeteendena. 

Inga direkta slutsatser kunde dras från simuleringarna då resultaten kunde tolkas på ett flertal sätt, 

men inget av de två testade scenariona gav en klar fördel över att göra ingenting. Både trafikflöde 

och fördröjning var sämre än i basscenariot för alla förutom en rörelse.   
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1 Introduction 
 A well flowing and functional transportation system is essential to the growth and prosperity of a 

city. Problems in the transportation network can be a hamper on the development of a city. As such, 

to have a working transportation system is important for fast growing city. In Alexandria, Egypt the 

annual population growth is predicted to be between 2-3% (Brinkhoff 2018). The city has a 

population density of 25-75 thousand people per square kilometre (Brinkhoff 2018), which already 

puts a big strain on the transportation system. For a city where the car or private mini/micro busses 

are the prime mode of transportation the high congestion is a problem that affects all inhabitants. 

There is almost no way for people to avid the congestion as there are no travel modes that are not 

road bound except the very limited tram system in the very centre of the city.  

 

1.1 Background 
This density and the relatively high car ownership create an untenable traffic situation. The Victor 

Emmanuel roundabout is one of the major entry ways into Alexandria with the connection to the 

14th of May bridge road. This, in combination with high population growth in the city of Alexandria 

and the areas on the other side of the 14th of May bridge, makes that roundabout an important node 

in the transportation network of the city. In this part of Alexandria there are very limited forms of 

public transportation with the only option being a few busses and the privately-run microbuses, 

which are a form of fixed route system shared transportation (but without fixed stops). There are 

also a high number of taxis. The random stops of these modes of transportation disrupts the flow of 

traffic in both the Victor Emmanuel square roundabout and along Fawzi Moaz. Other factors that 

affect the traffic are the erratic behaviour of pedestrians that cross the street in any location at any 

time and force cars to slow down or stop when then cross. 

In Alexandria a arterial road called Moahammed Fawzi Moaz, which is about 1.5 km that goes 

through the area of Smouha in the centre of the city. The area is a high-density upscale 

neighbourhood with a population density of around 22.400 people per km2 (Brinkhoff 2018) and a 

car ownership of about 300 cars per 1000 inhabitants.  

The road segment Moahammed Fawzi Moaz runs from Victor Emmanuel square, which is a large 

roundabout, to the roundabout of Ibrahimia, passing the roundabout Ali Ebn Abi taleb. 

This study of the roundabout know as Victor Emmanuel square, which is part of a larger study on the 

Moahammed Fawzi Moaz arterial road. This study will analyse the factors creating the congestion, 

delay and long travel time in the roundabout and propose a solution that alleviate the congestion, 

reduce delay and travel time for vehicles traveling through the studied roundabout.  

 

1.2 Objective 
The purpose of this thesis to alleviate the congestion, reduce delay and long travel time and increase 

safety in the roundabout. In order to achieve this, two models will be created be using the software 

PTV Vissim and Trafficwares Synchro 10 with the Sim Traffic application, henceforth referred to as 

Synchro. These models were calibrated for the studied roundabout and were used to investigate 

different proposed solutions. A realistic suggestion on what would be the best possible way to 

improve the situation if any will then be presented.  
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1.3 Scope and limitation 
Due to the time constraint given to complete the study, certain limitations should be entailed in 
order to define the scope and extension of the study. The first limitation asserts that this study will 
only evaluate the roundabouts Victor Emmanuel square; secondly, the study is only limited to study 
the congestion of vehicles. 
 

 

2 Literature review. 
 

2.2 Geometry and capacity of roundabouts. 
The geometry of a roundabout can easily be used to lower speed of circulating traffic and increase 

safety. This is done by making sure that the geometry of the roundabout ensures a reduction in 

speed and a removal of primary conflicts. The capacity of a roundabout is based on the circulating 

flow at each approach. For larger roundabouts the lane usage behaviour must be taken into account, 

with an uneven use of the circulating lanes lower capacity (Bie et al 2010) 

In northern Europe, the rule is that a roundabout should not have more the one or two circulating 

lanes, as traffic safety decrease as the number of circulating lanes inches (Herland and Helmers 

2002). Safety is also related to the speed of traffic in the roundabout with a lower speed being the 

safer one. 

There are also a few different ways to design multilane roundabouts as can be seen in Tollazzi et al 

(2016). This study shows examples of different roundabout designs and their effect on the traffic. A 

turbo roundabout (figure 4), for example, separates the circulating flow from the existing flow, while 

a flower roundabout (figure 5) separates the right turning traffic from the traffic entering the 

roundabout. Both designs could be used here as there are two approaches that have heavy right 

turning flow. 

 

Figure 1: Turboroundabout (Tollazzi et al 2016).          Figure 2: Flower roundabout (Tollazzi et al 2016). 

 

The separation of the traffic streams would also act to increase the safety in the roundabout. This in 

line with the findings of Gallelli and Vaiana (2019) where their models gave an increased capacity of 

11% to 92% depending on approach and with this a drastic reduction of queue length. This study was 

done on a single-lane roundabout, which mean that there will be a challenge to see if this can be 
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adopted to the larger size of the Victor Emmanuel roundabout. For the turbo-roundabout, driver 

behaviour and experience will have to be considered to see if it is appropriate. The alternative, the 

flower roundabout, would give an easier navigational experience for the drivers and should be more 

robust in the case of any stoppages, which are common in the area. 

2.3 Metering and signalization of roundabouts 
One option to deal with the queues inside the roundabout is metering signals as explored by Akcelik 

(2005) and Natalizo (2005). The result from both studies show a significant delay reduction on the 

controlling approach, but an increase in delay on the metered approach. According to Natalizo 

(2005) the benefits are only noticeable for a narrow band of circulating flow and flow on the 

controlling approach. As the study was done for a dual-lane roundabout, the volumes that are 

presented would need to be changed to accommodate the larger traffic flows and size of the Victor 

Emmanuel roundabout. This could be a possible way of increasing the flow in the roundabout. This 

would also be the simpler and cheapest approach to implement in real life, as one of the approaches 

is already metered and thus could be used to increase the flow inside the roundabout.   

2.1 Calibrating for behaviour and its effect on capacity 
There are different ways of modelling aggressive driving behaviour. In PTV Vissism we have chosen 

to use the Wiedmann 99 stochastic model to reflect the behaviour of individual drivers (PTV AG 

2017). Wiedemann 99 was chosen as it offers more parameters that can be changed to reflect the 

driver’s behaviour. The changes to the driver behaviours is done by changing some specific variables 

in the Wiedemann 99 model, such as headway, standstill distance, and standstill acceleration. 

According to Fransson (2018) these three are factors that are most important in creating aggressive 

behaviour in Vissim.  

Synchro 10 is widely used at the university level in Alexandria. Both the university of Alexandria and 

Pharos University use the program.  A study done here in Alexandria that used Synchro has found 

that the road capacity of the city well below what is to be expected, with a combination of factor 

reducing it by 0.817 (Abdel-Aal et al 2018). This factor includes everything from driving behaviour to 

road conditions to on street parking and more. The study was carried out in condition almost 

identical to this study as it was conducted on a section of road that stars about 450 meters from the 

greater project area. There are ways of modifying driver behaviour directly in Synchro 10. This can 

be done by changing the Headway, lane changing, gap acceptance and other behavioural factors. 

This work in line with the findings of Abdel-Aal et al according to Nyantakyi et al (2014) as changes to 

the car following affect the saturation flow of the streets. It also showed a strong correlation 

between the saturation flows and gap acceptance.  
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3 Method 

3.1 case study 
For this study, Victor Emmanuel square roundabout was chosen. This roundabout has five legs, the 

four legs are approaches, while the fifth leg is an exit only, see figure 1.  

 

 

Figure 3: Image showing the Victor Emmanuel square roundabout and its approaches. The 

approaches are numbered as follows: number one is Victor Emmanuel street, number two is Fawzi 

Moaz, number three is Zaharan which is one way out of the roundabout  only, number four is, and 

number two is an unnamed street that is one way leading into the roundabout only. The main 

streets are 14th of May, Victor Emmanuel and Fawzi Moaz. These three generate nearly the entire 

traffic volume in the roundabout. 

The roundabout itself varies in size. The inner radius is approximately 42 meters, while the outer 

radius varies between 60-70 meter depending on different location in the roundabout. A driver that 

approaches from the Victor Emmanuel street does not have to turn to get to Fawzi Moaz and 

therefor do not have to slow down. On the wider side, where the side street enters, there is an area 

that is basically a parking lot with permanently stopped vehicles. This area also has many stops from 

microbuses and taxis, and even private cars. This area runs along the entire west side of the 

roundabout and is generally three to four lanes wide, but again the size of the area changes along 

the whole length of the roundabout. Other than the parking and stop lanes there is space for at least 

seven lanes of traffic. It is at one of its widest part about 34 m wide.  

Victor Emmanuel Street normally has three to four lanes in each direction depending on traffic flow. 
However, on the southbound approach to the roundabout, the street widens in a cone shape and 
goes from 14m wide to 30m wide right before it enters the roundabout. Victor Emmanuel street also 
has a traffic signal some two hundred meters from the roundabout, which gives a platooning effect 
at times. On Victor Emmanuel street going north, there is the Smouha club. This is a sport club that 
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generates quite a bit of in and out traffic. This together with curb side parking and a bus stops 
creates disturbances in the traffic flow.   

Fawzi Moaz has by design three lanes in each direction, but in heavy traffic they are used as four. 
Along the street there continues to be many stops and parking, and double parking is not 
uncommon. 

Zaharan is a one-way street leading out of the roundabout. It was formerly a two-way street, but this 

was changed to improve the situation in the roundabout. 

14th of May has three to four lanes in each direction depending on the traffic flow. It is one of the 

major entry ways into the city from the agricultural road. In contrast, Fawzi Moaz and Victor 

Emmanuel street connects the roundabout to the different parts of the city. 

There is also a street that intersects Fawzi Moaz at 200m downstream of the roundabout, which is 

included in the studied area and included in the simulation models. This is a two-lane street that is 

one way and it has no through traffic as it has been blocked of. All traffic on the street either comes 

from Fawzi or enters Fawzi. This street will be referred to as street four. 

There are no line markings neither on the streets nor in the roundabout, and the number of lanes is 

ever-changing based on the traffic volumes and what part of the roundabout you are in. There can 

be shift from three to four to nine lanes as a driver moves through the roundabout, or as another 

driver squeezes by in a space that no car should even fit in. The weaving in and out of lanes and 

pedestrians that treat every lane as a separate street to cross, or just another part of the sidewalk, 

makes the driving experience an endless exercise in starting and stopping – one moment of 

hesitation and you might lose your chance to make your way forward. This description conclude that 

there are no driver who follow the traffic regulations in the roundabout or on the different 

approaches  

There is heavy disruption to the traffic from stops by microbuses, regular buses, taxis around the 

edges of the roundabout. The roundabout and all approaches and road segments lack pedestrian 

crossing sections. Pedestrians cross the roundabout to get to the island in the middle of the 

roundabout which is a park or crossing at the entrances and exits to the roundabout. All these 

movements contribute to a very chaotic environment that is not conducive to a well-functioning 

roundabout.  

Additionally, drivers coming from Victor Emmanuel Street makes a direct U-turns, right when they 

entering to Victor Emmanuel Street other driving direction and avoid circulating around the 

roundabout but, see figure 2.  
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Figure 4: Figure showing the u-turns as made by drivers coming from Victor Emmanuel street. 

This seems like one of the biggest issues on a quick observation captured on the studied area as it 

can cause blockage inside the roundabout. 

 

In addition, there is a traffic signal in one of the approaches of the roundabout, which is Fawzi Moaz 

right before approaching the roundabout. The placement of the signal is marked in figure 3. All these 

factors make this a very unusual roundabout.  

 

 

Figure 5: Figure showing the placement of the traffic signals in the approach Fawzi Moaz 

 

3.2 Site Visit 
In order to carry out a comprehensive inventory of the studied area, a series of visits to the studied 

area were conducted to observe the site and get familiarize with the area. This was done during 

different days and at different times to observe the area during different conditions. These visits 
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were also a good time to informally get an idea to identify what data would be needed and the best 

way of gathering it. It also gave a general sense of the geometry of the roundabout and the drivers 

and the pedestrian behaviours and the expected challenges that it might possess. A basic 

understanding of the roundabout could be gained in this way, such as information about the cycle 

times of the traffic signal that exists inside the roundabout and on the approach from Fawzi 

Moaz.The fact that people do U-turns against the circulating flow was also observed.  

 

The conclusions from the site visit was that extra emphasis needed to be focused on the behaviour 

of the drivers and what part of the roundabout is most affected by stops from public transportations 

modes. The roundabout has an unusual and varying size and does not conform to standard 

roundabout designs. The visits were also used to find and gain access to choose the location of the 

film recording that was used for the data collection.  

 

3.3 Data Collection 
The data has been gathered by filming from a high-rise apartment building that overlooks the 

roundabout. The filming locations can be seen in figure 6. From these locations four cameras where 

used to cover the main approaches and, exit of the roundabout. The views captured by the cameras 

can be seen through figures 7-10. 

 

Figure 1: Figure showing the filming locations used for data collection (marked in red) 
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Figure 2: Image showing the views of 14th of May and Zaharan 

 

Figure 3: Image showing the views of Victor Emmanuel street and the side streets entrance 
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Figure 4: Image showing the view of Fawzi Moaz 

 

Figure 5: Image showing the views of Fawzi Moaz and street 4. 

In addition to the film recording by the four the cameras, eight people attended to count the queue 

build up for each street and the stoppages of blockages caused by microbuses, taxis and busses in 

the areas that the cameras did not capture. The queues where counted for all entrances to the 

roundabout, except the small side street. One of these people also registered the cycle times for the 

traffic signal that exist on one of the approaches of the roundabout. These areas are outside the 

Smouha sport club and pedestrians crossing 14th of May street. The data was collected on 

Wednesday 24th of April 2019 during rush hours, from 7:15 to 8:15 and 15:00 to 16:00.  The video 

recording has been analysed in 15 minutes time intervals. The data that was used for the analysis 
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was gathered in the afternoon as traffic was heavier, based not only on the traffic flows but also on 

queue build up. 

Due to the traffic conditions and the difficulty to get permits to do measurements of the streets and 

sidewalks, all the geometrical measurements of the roundabout and the approaches were taken 

from google maps. These measurements and operations from the video footage have been used to 

decide number of lanes and the lane widths using the simple formula of street width divided by 

number of used lanes.  

The limited data collection is a result of the time it took to get permits for filming from the 

Alexandria police department and the fact that this delay almost pushed the project into the 

Egyptian holidays from the 25th of April until after the 1st of May after which only the 2nd of May was 

an appropriate day as the weekend started on the 3rd and Ramadan started on the 6th.  The holidays 

and Ramadan change the traffic patterns enough that they are unsuitable for data gathering. This 

resulted in a very limited time frame to collect the data for the larger project area. As data for more 

than one roundabout was needed to be collected during the two days that were suitable for data 

collection needed to be split up. This left Wednesday the 24th of April for the Victor Emmanuel 

roundabout and the 2nd of May for the other two roundabouts in the bigger project area.  

 

3.4 Data Processing 
From the video recordings information about traffic volumes could be extracted by counting vehicles 

manually. During the counting, classification of the vehicle types was made. The vehicles were 

classified into Motorbikes, cars, microbuses, minibuses, busses, and Trucks. These had then been 

divided up into the standard Vissim vehicles model based on size, accelerations etc. The traffic 

volumes were counted for each approach of the roundabout and for all exits. The traffic flow was 

also counted on three spots inside the roundabout to help calculate the circulating flows, see figure 

11, and the counted flows are presented in table 1.  

 

The numbers of pedestrians that cross the street at each approach and into the middle of the 

roundabout were also counted. In addition, queues were counted for each approach but not inside 

the roundabout or on streets that are exiting the roundabout.  

 

Figure 6: Figure showing the locations used for circulating traffic flow counting inside the roundabout. 
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Table 1: Counted circulating traffic flow. 

 

 

 

  

Average speeds of thirty-five cars in two different sections of the roundabout were calculated and 

were used for the calibration of the simulation models. 

The sections that the cars have travelled can be seen in figure 12. The average speed of these 

sections was calculated based on the random selected cars detected during one hour. This data 

together with the traffic flow data in of the roundabout were used in the calibrations of the Vissim 

model. 

 

Figure 7:  illustratio of the travelled sections for the car’s average speed collected and used to calibrate the simulation 
model. 

The queues data that has been gathered were used to estimate the real demand for car travelling 

through the roundabout. This has been used to modify the traffic volumes to consider the traffic 

volumes that could not enter the roundabout due to lack of capacity. The traffic volumes that 

demand to enter the roundabout and could not access was calculated using equation 1 which is 

derived from the basic service and demand curves (May 1990). This can be deduced using the 

formula below: 

  

                                                                  (1) 

Location (see 
figure 11) 

Circulating flow 
(Vehicle/h) 

1 4231 

2 3396 

3 5549 



 
15 

 

Where λc is the counted traffic flow, Δ is the average change in queue over an hour, Ct is the cycle 

time that was used when counting the queue and λ is the true traffic demand. The final traffic flows 

for the main legs can be seen in table 2.  

Table 2: Counted Traffic flow in to the roundabout and final calculated traffic demand. 

Street Counted λ (vehicle/h) Final λ (vehicle/h) 

Victor Emmanuel 4275 4275 

Fawzi Moaz 2647 3743 

14th of May 2973 5913 

 

 

3.5 Simulation Models 
To perform the data analysis, two models of the studied area were generated, one in PTV Vissim and 

one in Trafficwares Synchro 10. A comparison of the model was done to get a better idea of what 

can be proposed to improve the traffic situation in the roundabout. The same scenarios were 

simulated and evaluated based on the same criteria. The evaluation has been chosen to fit the 

models but also to fit the scenarios that were tested. The problems that arise here is what could be 

done in one of the models that could not be done in the other.  

In the modelled studied area pedestrians have not been included, due to the high level of complexity 

it would add to the model. The software used would require the pedestrians to concentrate to 

specific areas, such as pedestrian cross sections, which is missing in the studied area, this would 

create a bigger error in the model then removing them completely.  

 

A basic model for each of the software of the studied area and the input of data collected for the 

study were calibrated and use for comparisons of the results. The number of simulation runs was 

decided by using equation 2 as suggested by Trafikverket (2014). 

                                                                                                                              (2) 

 

Where n is the number of simulation runs, S is the standard deviation, tα/2 is the student t-value for 

the confidence interval of α/2, and ε is the accepted margin of error. The base for the standard 

deviation and the t-value will be a run of 10.  

This produces, N = 4.39. As this is below the already used value of 10, we will use N=10.  

 

3.5.4 PTV Vissim 
PTV Vissim is a micro simulation program that is recommended by the Swedish transportation 

authority (Trafikverket 2014) for simulating more complex intersections and roundabouts. The 

model has been made to be as close to the guidelines as possible. Vissim is very flexible and is 

capable of modelling most of the odd things that this roundabout presents, but most importantly it 
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can change and simulate driver behaviour to get a more accurate model. The behaviour models in 

Vissim the we will use is a Wiedmann 99 stochastic model. The driver behaviour has been modified 

in line with the findings of Fransson (2018) to approximate the behaviour of the Alexandrian drivers. 

It is especially the headway time and the lane changing behaviour that has been changed.  

The stops that come from mini, micro, and regular busses have been approximated with public 

transportation lines in Vissim, where the frequency of departures have been decided to get the 

same number of stops as that which was observed. This together with placing the stops in the 

correct areas gives an approximate model of the effects it has on the transportations system.  

 

3.5.4 Synchro 10 
The Washington state department of transportation (2018) recommends that Synchro 10 should not 

be used for modelling roundabouts or when you must route through more than two intersections. 

So, it is unclear how accurate the Synchro 10 model can be in this case, but Synchro 10 is the 

program used by both the University of Alexandria and Pharos University, so we have been 

requested to do a comparison. This uncertainty increases as the program is fairly limited in how it 

can deal with roundabouts of unusual size. The maximum circulating lanes in Synchro are 3 which 

works for the smaller ones in the system but not for Victor Emmanuel as it can have up to 8-9 lanes 

in parts of it. This means that we will have to look at the roundabout as a series of five t-

intersections. This will also make it possible to add the traffic signal in the roundabout to the model. 

The downside of doing it this way is that the geometry of the model will have a worse overlap with 

reality, and it will be hard to see which problems that arise because the change in geometry or the 

actual traffic. A routing would be needed through all the intersections it is not recommended to use 

Synchro for more than two intersections (WSDOT 2018).  

3.5.4 Route choice 
Route choice data could not be reliably extracted from the recorded videos films. To solve this 

problem an iterative fitting process has been used to model the route choices. The method has been 

was developed by Abdel-Aal (2019) and is based on that each turn is given a cost, with heavier cost 

for left turns and U-turns down through to no turn. This together with the traffic flow entering and 

exiting the roundabout at each street was used to get the flow from each specific approach to each 

specific exit. This was then be calibrated with the counted circulating flow to add more constraints 

to the model. The percentages that this method had produced were the ones that were the basis for 

the route choices in Vissim. The route choices produced have been modified slightly to 

accommodate the U-turns which were not put into the matrix. The percentages that travelled from 

each leg to each of the other legs can be seen in table 3. 

Table 3: The final rout choices for the three main legs as input into the Vissim model. 

Street Traffic volume (v/h) % to 14th % to Victor % Zaharan % to Fawzi 

Victor 4275 21 8 21 50 

Fawzi 3743 40 30 19 11 

14th of May 5913 13 55 11 22 
 

In Synchro this method was not used. This is because at each t-intersection that makes up the 

roundabout a specific traffic volume must be put in as either exiting, entering or circulating. This 

makes it impossible to create longer routes for specific vehicles. This means that only the turning 
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and circulating flows are decided based of the counted traffic flow. This is one of the reasons that 

Washington state department of transportation (2018) does not recommend using synchro for 

models where route choice must be made over more than two intersections. In this case the route 

choices need to pass between two to five different ones depending on destination.  

3.5.4 Scenarios 
The first scenario was a full signalising and metering on all the major approaches into the 

roundabout. This was Fawzi Moaz (which was already signalized), 14th of May and Victor Emanuel 

street. This metering of the entering flow and circulating flow would show if the distribution of the 

delay could be improved and if the circulating flow could be increased by limiting the amount of 

traffic entering the roundabout. It would also show if there was a possibility to prioritise the heavier 

flows that go through the roundabout to decrease the overall delay and increase overall traffic flow. 

Metering had been an effective way of reducing demand in smaller roundabouts (Akcelik 2005) in 

previous tests. This was done in combination with closing the small side street on the west side of 

the roundabout and prohibiting stops inside the roundabout (Figure 13). 

 

 

Figure 8: Figure  illustrating the metering and signalisation as suggested in the first scenario.  

 

The signal program that was tested for the scenario was the one where an approach gets a green 

light together with two of the lights in the circulation. So that a vehicle that gets a green light could 

access to any of the legs in the roundabout without encountering a red light. This was a trial to 

reduce the number of stops each vehicle must make before they can exit the roundabout. The cycle 

time was set to 120 seconds and the specifics of the green times has been optimized by each 

modelling program to get create a more effective signal to get a better signal for that program. The 

coordination of the signals were set up in the same way for both the Synchro model and the Vissim 

model. 

The second scenario propose to change the roundabout into what is known as a flower roundabout 

(figure 5). Doing this removes the opportunities to make the U-turn by drivers coming from Victor 

Emanuel, remove the signalisation for the circulating and entering flow, close the small side street 
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and remove the transit stops inside of the roundabout to cut down on traffic crossing and slowing 

the circulating traffic stream. The U-turn is not only dangerous from a traffic safety standpoint as the 

drivers that make the turn drive a short distance against the circulating traffic flow which makes a 

head on collision possible, but it also seems to contribute to a decrease in circulating flow as up to 

three lanes can be blocked by vehicles doing the U-turn. The moving or removing of micro and 

minibus stops from the inside of the roundabout would have the same effect – removing the stop 

would remove the conflicts that arise when these vehicles try to cross to the western edge of the 

roundabout where they can stop. When they were doing this, they came in to a ninth-degree conflict 

with the incoming traffic from Victor Emmanuel street. The removal of the signal for the circulating 

flow would hopefully increase the circulating traffic flow. The physical barriers between the larger 

right turning flows and the circulating traffic would increase safety and reduce the number of 

conflict points in the intersection. 

 

Figure 9: illustrating the layout of the proposed flower roundabout of scenario 2 

These two scenarios had been compared based on the factors of circulating flow, queue, speed and 

delay. They have been compared to each other and the base scenario to see what solution would be 

the most appropriate.  

3.6 Calibration and Validation 
Calibrations can be done on several factors such as speed, que, and traffic flow. In the different 

programs the calibrations must be carried out differently based on what can be measured or seen in 

the specific models. The calibrations are extra important due to the lack of accurate data about the 

geometry of the roundabout such as street width, approach angels, and the changing number of 

lanes that gives the models a high degree of uncertainty. Most of these uncertainties could be 

mitigated through the calibration process.  
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3.6.1 PTV Vissim 
The Vissim model was calibrated with the use of traffic flow entering and exiting the roundabout, 

the average travel time in parts of the roundabout. These parameters were chosen due to the 

available data and based on the capabilities of the Vissim model itself. The calibrations were 

performed on the average numbers of ten simulation runs to minimise random factor in the 

stochastic models that Vissim uses. The Swedish transport authority recommends calibrating with 

speed, queue length and lane usage (Trafikverket 2014). Both speed, as in travel time, and queue 

were used for calibrations here, but lane usages was not used due to the extreme nature of the 

behaviour of the drivers in this area, but it was inspected visually to see that it matched the reality as 

well as possible. To get the desired values a number of factors in the model where changes such as 

headway, standstill time, and other factors such as right of way. 

The travel time and traffic flows were calibrated in accordance with Trafikverket (2014). The traffic 

flow was checked against the GEH equation and found to have a value of less than five which is 

deemed acceptable not only by Trafikverket but also the Washington state department of 

transportation (2014). The equation is as following: 

 

                                                               (3) 

 

Where Xi is the average flow in the simulation and Yi is the counted flow. The index is for each 

measuring point.  

The travel time was confirmed to be within a 95% confidence interval. This has been done with the 

help of equation 4 as seen below: 

 

                                                             (4) 

 

Where X is the average value as seen in the simulations after again ten runs, where N is the number 

of runs and tn-1(α/2) is of course the value of the t-distribution for a confidence interval of 95%. S is 

the standard deviation from Vissim. This created a confidence interval of both travel time measures 

and both were within their respective intervals 

The model was validated with the data gathered in the morning.  To compensate for the different 
route choices in the morning, the same method that produced the route choices was used again. If 
the model with the morning data produces results that fit the above constraints the model will be 
considered validated.  

 

3.6.2 Synchro 10 
The Synchro 10 model was calibrated with queue. This parameter had again been chosen due to 

abilities in Synchro 10. Average speed was going to be used but due to the necessity to split up the 
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roundabout into t-intersection, this has a great negative impact on the average speed through the 

roundabout. This together with the no matching geometry make average speed or travel time 

unusable for calibrations. It had however been used as a point of comparison between the different 

scenarios. The calibrations had been done with the saturations flow of the roads in accordance with 

Abdel-Al (2018) to more truly match the realities on the ground. The behavioural factors that where 

changed was the lane changing, Gap, acceptance, and headway time. After calibration the queue 

lengths match the ones observed, except on Victor Emmanuel street. On Victor Emmanuel we have 

queue built up into the roundabout that had not been observed in the model. This was also the case 

for Victor Emmanuel coming into the roundabout, where a queue was observed in the model but 

not in reality. Both issues were also observed in the Vissim model.  

The Synchro model could not be validated. This is probably due to the necessary changes in the 

geometry of the roundabout when it had to be constructed as a series of t-intersection, this radically 

decreased the average speed inside the roundabout and changed other important factors. This 

means that the results from the Synchro models must be used with caution. 

3.7 Result 

3.7.1 Scenario 0 
Scenario 0 is the basic scenario which represent the existing field case, there no changes were made. 

This scenario was considered to function as the base point for comparison with other proposed 

scenarios to find the best solution that would work best if any. The results of average flow from the 

10 runs of Vissim model of the basic scenario are presented in tables four through seven. 

Table 4: Circulating flow in the base scenario. 

Location Circulating flow (v/h) 

1 4120 

2 3298 

3 5710 

 

Table 5: The traffic flow, queue delay, and speed of each of the major approaches (in) and exits (out) of the roundabout. 

Street Traffic flow (v/h) Queue delay (s) Speed (Km/h) 

1: 14th of May In 3218 342.26 16.2 

2: 14th of May out 2379 120.98 28.05 

3: Victor In 4177 18.45 20.12 

4: Victor out 2946 233.7 27.04 

5: Fawzi in 3191 86.22 21.97 

6: Fawzi Out 3577 93.86 28.2 

7: Zaharan 2399 133.65 29.85 
 

Table 6: The average delay, number of stops, speed and stop delay in Vissim for the do-nothing scenario. 

Delay (s) Stops (nr) Speed (km/h) Stop delay (s) 

167.58 24.55 12.74 41.64 
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Table 7: Total delay, average speed, total number of stops, and Queueing penalty in Synchro for the do-nothing scenario. 

Total Delay (h) Average Speed (Km/h) Stops (nr) Queueing Penalty 

265 3 1120 10817 

 

Scenario 1 
Scenario 1 is the direct control of the traffic flow with the help of signalization. The results of 

average flow from the ten Vissim runs and from Synchro are presented in tables eight through 

eleven. 

Table 8: The circulating traffic flow for the signalized roundabout in the Vissim model. 

Location Circulating flow (v/h) 

1 3083 

2 1985 

3 3393 
 

Table 9: The Traffic flow, queue delay, and speed for each aproche and exit to the signalized roundabout in the Vissim 
model. 

Street Traffic flow (v/h) Queue delay (s) Speed (km/h) 

1: 14th of May In 2508 503.23 21.03 

2: 14th of May out 1391 417.27 28.23 

3: Victor In 1647 341.25 16.01 

4: Victor out 2081 482.97 27.56 

5: Fawzi in 2155 429.72 21.51 

6: Fawzi Out 1513 437.60 28.73 

7: Zaharan 1390 482.75 29.35 
 

Table 10: The average delay, number of stops, speed and stop delay for the signalized roundabout in the Vissim model. 

Delay (s) Stops (nr) Speed (km/h) Stop delay (s) 

453.22 69.85 6.30 223.03 
 

Table 11: Total delay, average speed, number of stops and the queueing penalty for the whole network in Synchro for the 
signalized roundabout. 

Total Delay (h) Average Speed (km/h) Stops (nr) Queueing Penalty 

254 4 1547 5788 

 

3.7.2 Scenario 2 
Scenario two is changing the roundabout to what is known as a “flower roundabout”. The results of 

average flow from the ten Vissim runs are presented in table 12 through 15. 
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Table 12: Circulating flow inside the flower roundabout in the Vissim model. 

Location Circulating flow (v/h) 

1 5628 

2 2728 

3 4775 
 

Table 13: The traffic flow, Queue delay, and speed of the major approches (in) and exits (out) of the flower roundabout. 

Street Traffic flow (v/h)  Queue delay (s) Speed (km/h) 

1: 14th of May In 4839 121.45 21.09 

2: 14th of May out 1957 268.49 28.02 

3: Victor In 3127 130.36 16.75 

4: Victor out 3456 185.74 22.45 

5: Fawzi in 2415 375.73 15.63 

6: Fawzi Out 2778 160.40 28.39 

7: Zaharan 2039 270.07 29.74 
 

Table 14: Delay, Stops, speed, and stop delay for the flower roundabout in Vissim 

Delay (s) Stops (nr) Speed (km/h) Stops delay (s) 

250.18 37.13 10.24 79.21 
 

Table 15: Total delay, average speed, total stops, and the queueing penalty for the whole network in Synchro for the 
flower roundabout. 

Total Delay (h) Average Speed (Km/h) Stops (nr) Queueing Penalty 

265 3 1061 13580 

 

3.8 Analysis 
A comparison of the results for the chosen and tested scenarios was necessary to identify the proper 

alternatives that might be worth implementing. A comparison of the circulating flows of the 

different alternatives is presented in figure 15.  
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Figure 10: Circulating traffic flow by location and scenario. 

As can be seen from figure 15 the traffic flow of the signalized scenario is much lower than the other 

scenarios. While the difference between the flower roundabout-scenario and the do-nothing 

scenario is quite large in favour of the flow from 14th of May to Victor Emmanuel. This would then 

become a question of what traffic flow should be prioritized. If the flow from 14th of May to Victor 

Emmanuel is the one that should be prioritized, then a flower roundabout would be a good choice. If 

instead the flow from Victor Emmanuel Street to Fawzi Moaz is to be prioritized, then the best 

option would be to do nothing.  

Next if we look at the stops and the delay caused by these stops (Figure 16 and 17) it can once again 

be seen that the do-nothing scenario has the lowest number of stops and stop delay. This indicates, 

not surprisingly, that the open roundabout has the lowest number of stops, while the signalized 

roundabout has the highest number. This leads naturally to a higher stop delay for the once with 

more stops. 
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Figure 11: Stop and stop delay for each scenario in Vissim. 

 

 

Figure 12: The total number of stops in Synchro for both scenarios. 

 

Continuing the comparison and looking at the overall average delay (Figure 18 and 19) it can be seen 

that in Synchro presents a higher total delay for the do-nothing scenario, while the signalized 

roundabout has the lowest. This is a complete opposite of what Vissim shows, where the do-nothing 

scenario has the lowest delay and the signalized roundabout has the highest.  
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Figure 13: The total delay in Synchro for each scenario. 

Figure 14: The overall delay for all three scenarios in Vissim 

 

Vissim and Synchro models are contradicting each other. However, the Vissim results regarding the 

do-nothing scenario as the superior one is supported if we look at entering and exiting traffic flow 

(Figures 20 and 21).  
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Figure 15: Traffic flow entering the roundabout fot the Vissim models. 

 

Figure 16: Traffic flow exiting the roundabout for the Vissim models. 

From graphs in figure 20 and 21 it can be seen that the overall traffic flow for almost all the main 

streets is higher for the do-nothing scenario. The exception is 14th of May where the flower 

roundabout gives a large increase in the traffic entering the roundabout and exiting on Victor 

Emmanuel Street. The flower roundabout gives a clear advantage to the right turn from 14th of May 

to Victor Emmanuel, but at what seems to be the cost of the other traffic flows.   

It can also be seen that there is a difference in average speed within the intersection if figure 22 and 

23 is observed.  
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Figure 17: Average speed for each scenario in Vissim. 

 

 

Figure 18: The average speed for each scenario in Synchro 

It can quickly be noticed see that the average speed in Vissim is higher than in Synchro for all 

alternatives. Additionally, it can see that in Synchro signalization give the highest speed while in 

Vissim it is then one that has the lowest overall speed. Vissim once again implies that the do-nothing 

scenario is the superior, while Synchro implies that signalization would work the best.  
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4 Discussion 
The results from Vissim seem to point clearly to the fact that the best choice is to do nothing. This 

could be true, but the limitations of the Vissim model must be considered. One of the biggest issues 

with the Vissim model was the entrance from Victor Emmanuel Street into the roundabout where 

the rapid increase in width of the street created a problem for the incoming traffic. This resulted in a 

situation where even in the base model the entrance from Victor Emmanuel street has a lower flow 

then the flow in real life. This combined with the queue build up, which does not exist in real life, 

indicates that the traffic flows from this specific approach may be unreliable. It indicates that the 

traffic flow would probably be greater than the models would show. There are many things that can 

go wrong when dealing with and modelling an intersection as complicated as Victor Emmanuel 

square.  

There are of course also the conflicting results from the Synchro models, which indicate that 

signalization of the roundabout would be the best choice. The results from the synchro model are 

even more unreliable than the Vissim ones, as the Synchro model could not be validated due to the 

shift in geometry that arose from the need to model it as a number of t-intersections, and the fact 

that Synchro cannot handle routing the traffic through more than two intersections. All this indicates 

that the Synchro results should not be trusted.  

Another significant issue with both models is that they did not cover far enough of northern Victor 

Emmanuel street, as there was at some time periods a queue on that street leading out of the 

roundabout. This queue could never be replicated in the models of either program. Depending on 

what the cause of this queue is, it might greatly affect the results from the models. The lack of this 

queue could have a great impact on both the signalized roundabout and the flower roundabout. This 

is especially true for the flower roundabout as it heavily favoured the traffic flow that went in that 

direction. If this queue was eliminated the capacity of the roundabout itself would also increase. This 

as the queue would not back up into the roundabout and out on 14th of May, thus not limiting the 

circulating flow of the roundabout.  

Another factor that could limit the effectiveness of a flower roundabout is the fact that the west side 

of the current roundabout already act as a slip lane between Victor Emmanuel street and Fawzi 

Moaz. This would limit the difference between the suggested change and reality.   

A better and more accurate model could probably have been built if the data collection could have 

been spread out over a few days, or at least been done on a day that was further away from the 

holidays to get a more accurate traffic count. The question is still how much the proximity of the 

holidays affected the traffic. The assumption is that the proximity to the holidays created less traffic 

then what a regular day would create, although this might of course be false. This might of course 

change the complete dynamic of the roundabout, as roundabouts are sensitive to higher traffic 

flows and can easily become gridlocked. This means that the scenarios might have had a bigger 

effect. This combined with the fact that the west side of the roundabout already functions as a slip 

lane also would have diminished the overall effects of the creation of a flower roundabout. A few 

similar problems can be seen with the signalization scenario, where the number of the different 

types of signalization is extremely high. Thus, there might be better signal programs than the one 

used here. Additionally, as with the west side slip lane, there is already a signal in the base scenario 

which might diminish the effect of signalization when compare to the do-nothing scenario.  

The model could also be improved if there was extra time to get more familiar with Vissim as a 

program as there are multiple functions that I am unsure how they work or what they could be used 
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for that might have improved the overall performance of the model. The complexity of the program 

makes it easy to overlook factors that may change the model behaviour either in a positive or 

negative way.  

One thing that the models do not consider is traffic safety. There is limited information available 

about the number of accidents that occur in the roundabout, but there is clear evidence of unsafe 

behaviour in the observation during data collection. This ranges from the U-turns against traffic on 

Victor Emmanuel street that where shown in figure 2, and the horizontal crossing of the wider west 

side of the roundabout which brings a lot of vehicles into primary conflicts with the traffic flow that 

is entering the roundabout from Victor Emmanuel street. Both signalization and the construction of 

a flower roundabout would remove both of these unsafe elements from the traffic. This might yield 

a higher capacity over the long run as accidents can cause major delays.  

An additional way of increasing traffic safety would be to reduce the number of lanes, as the most 

potential for conflict is when vehicles cross multitude of lanes to either enter or exit the circulating 

flow. This is especially obvious when crossing over to the west side of the roundabout or when cars 

enter Zaharan where a lot of cars exit from the inner most circulating lane which mean they have to 

cross around five to six lanes of traffic.  

Although the construction of a complete flower roundabout may be unnecessary, the results show 

there might be value in adding a right turn slip-lane from 14th of May to Victor Emmanuel street to 

increase the capacity of this highly used turn. When dealing with such a complex intersection a 

partial solution might be the most feasible. This combined with other minor fixes, such as prohibiting 

the U-turn and limiting stops of micro busses in sensitive areas, might go a long way in clearing up 

congestion in the roundabout.  

The traffic in the roundabout is very uneven with the most traffic either going from 14th of May to 

Victor Emmanuel, or from Victor Emmanuel to Fawzi Moaz, so in any attempt to increase the 

capacity of the roundabout these two flows should be the focus. However, as it is 14th of May and 

Fawzi Moaz that have the queue build up, they might be a more natural place to start. There is 

plenty of room to create a slip lane between 14th of May and Victor if that would be desirable. 

Driver behaviour and pedestrian behaviour in Egypt in general and in the roundabout specifically are 

difficult to model in any simulation model. The geometry does not follow the standard design of the 

roundabouts; obstacles in the roundabout hinder traffic from circulating in the roundabout. Road 

users do not follow traffic regulation. The lanes in the roundabout and along the road segments are 

not marked. Pedestrians crossing are missing, and pedestrians cross the traffic network in any place 

and any time they want. They cause delay and long travel time. As mentioned previously it is a 

chaotic traffic environment and a big challenge to study the assigned roundabout during very short 

period of the work, which is three months. 
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5 Conclusion and future studies 
The conclusions that can be drawn from this work is limited. I would say that the best option is to do 

nothing, but the traffic situation still needs to be fixed. Based on the findings here I would 

recommend looking into signalization based on the results from the Synchro models. Additionally, 

this scenario would be relatively cheap to implement and experiment with, especially as there 

already are signals at two of the approaches. It is likely that there is a signal program that would 

work better than the one that was implemented in this study. There could also be merit in looking 

into a protected right turn lane from 14th of May to Victor, as that seemed to increase the traffic 

flow greatly. However, this would have to be in combination with a study of the situation further 

north on Victor Emmanuel to determine what the queue build up may depend on. 

One other recommendation that can be made is to educate and inform the society in Egypt about 

the traffic rules and regulations to improve the traffic situation, reduce jams and congestion and 

thereby increase traffic safety 
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