
Evaluation of a double roundabout: Marquês de 

Pombal case study 

João Frederico Monteiro, Instituto Superior Técnico, Lisbon, Portugal 

 

 

ABSTRACT 

 
Roundabouts have been decisive in road traffic and 

network planning since the beginning of the 20th century and 

have adapted to numerous layout impositions in order to 

provide tailored solutions in each city. However, with each of 

these new layouts comes a certain difficulty in predicting both 

their performance levels, as well as their fit for purpose 

towards drivers. Also, different methodologies regarding 

roundabout evaluation have emerged over the last 30 years, 

turning the process of pre-dimensioning and figuring out if a 

certain layout fits from a streamlined approach into a method-

based approach 

Directly tied to the roundabout, data collection and 

evaluation is crucial to any traffic-related activity, especially 

when performing a scenario evolution evaluation. For 

roundabouts, specific methods should be used, by enforcing 

airborne methods or video detection methods rather than 

vehicle counting. 

Despite having an initial approach based on stochastic 

methods and classic analytical approaches, roundabout 

simulation provides a much better fit towards a tailor-made 

solution, such as target, flower or turbo roundabouts. Also, 

including parameter variation such as gap acceptance, vehicle 

acceleration and car-following methods provide much 

smoother approaches from the simulated versions to the real-

life scenario. 

In this paper, a layout change is monitored and evaluated 

for a specific case study: the Marquês de Pombal roundabout 

in Lisbon, Portugal. Essentially, a comparison will be 

attempted in order to provide clear conclusions over whether 

the layout change significantly improved driving conditions in 

the case study, after its layout change. 
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1 INTRODUCTION 

 

1.1 Motivation and main challenges  

The main drive for the evolution of a city is its 

constraint. Only when faced with lacklustre 

responses towards mobility demands allied with 

an inability to properly measure the current state-

of-the-art, will a municipality or decision-maker be 

able to establish the minimum baseline for 

technological advance and ensure that said city 

will thrive. In Portugal, a lack of a standard 

guideline textbook such as in the United States, 

United Kingdom and Germany has led to a 

simulation-based preference. Provided that the 

analyst has up-to-date traffic information, it is 

possible to simulate several areas at once to 

predict possible traffic outcomes, resulting in a 

multitude of scenarios with different acceptance 

criteria. 

 

1.2 Main goals 

. In the proposed case study, the Marquês de 

Pombal roundabout has been adapted from a 

colossal four-lane signalized roundabout to an 

extremely rare double roundabout measure, the 

first of its kind in Portugal. Four main questions 

have been devised and will be thoroughly 

explored in the subsequent chapters: 

• How much has changed from 2010 up until 

the rearrangement of the case study 

roundabout, regarding data collection, 

roundabout structure and driver awareness? 

• Are the theoretical predictions made based 

on established models accurate when 

compared to micro-simulation modelling? 

• Which parameters will influence a simulation-

based roundabout concept more heavily? 

• Comparatively for the case study situation, 

which was the most adequate roundabout 

model? 

 

2 REVIEW OF VIDEO DETECTION SYSTEMS 

 

2.1 Evolution of video detection systems 

With the increase in number and complexity of 

road network systems, there has been a natural 

need to monitor, control and optimize said 

systems, to create a sustainable and rapid 

solution for users and/or bystanders (i.e. 



pedestrians). With the dawn of traffic actuated 

controllers and adaptive traffic control in the early 

80’s and until the beginning of the 90’s, induction 

loops were considered the sole and therefore 

standard solution regarding data gathering from 

stationary or moving vehicles. To this day, they 

are still used in numerous occasions throughout 

the world due to their accessible installation 

methods and costs.  

 

 
Figure 1 - Function schematics for inductive loops 

 Although still resorting to inductive loops for 

baseline data or ground truth, many scenarios of 

viable inclusion of alternative detection methods, 

marking it as a turning point. The subsequent 

increase in Video Image Detection Systems 

(VIDS), Remote Traffic Microwave Sensors 

(RTMS), and acoustic and wireless detector 

usage can be traced back to the beginning of the 

21st century, since the life-cycle, installation and 

maintenance costs aligned with the current 

accuracy levels outweighed their traditional 

counterparts. Most of the alternative detection 

systems are now mature and ready to be 

deployed outside of testing areas, resulting in new 

and modern devices. 

2.2 Video detection systems’ versatility 

When established as a viable alternative to 

acquire traffic-related data, VIDS and video 

surveillance associated with CCTV systems 

started to branch out and being explored in 

different fields of application. During the first 

decade of the new millennium, not only did they 

account for the accumulated research regarding 

feasible technologies for computer vision, but also 

were able to enhance video tracking due to the 

rising influx of inexpensive cameras. Moreover, 

the augmented development in processing speed 

revolutionized video processing to the extent of 

running high-end computation-intensive 

algorithms in real-time using standard computers. 

With the rise of advanced driver assistance 

systems (ADAS), two separate issues rose: first, 

the driver is able to receive extra support from the 

vehicle’s system, benefiting from additional 

information that assists him in driving and 

relieving him of certain strains; second, the 

information influx is also substantially higher, be it 

by adding information panels to perform related or 

non related driving tasks or by monitoring driver-

related status such as average response time, 

fatigue and driving stance. 

Besides being fairly useful in devising driver 

assistance systems, VIDS were not restricted to 

playing a part in driver assistance systems. One 

of its applications in a wider range was resorting 

to its ability to collect and continuously analyse 

the gathered data and potentially diminishing the 

impacts of road traffic and weather conditions. 

From increasing its functionalities in-vehicle to 

better cooperate with the driver to connecting data 

from a network-operator interaction, VIDS became 

a reality in most advanced vehicles and cities in 

the world, losing their main focus in exclusive 

detection or speed measurement but instead 

being treated as a fundamental part in an ever-

growing system. 

2.3 Evolution towards an ITS approach and smart 

cities 

As of now, VIDS are established detectors with 

enormous potential for traffic data gathering. 

Moreover, this extracted data is not perceived as 

bulk data anymore: it can be sorted, interpreted 

and discarded if needed thanks to the 

aforementioned video calibration and analysis 

solutions. The next logical step would be creating 

virtual inputs on a camera mainframe or viewport 

and performing intelligence-based tasks 

associated with the triggering of said inputs. 

But more than this is expected in the future: 

since 2015, society lives in the advent of several 

paradigm shifts, all extremely impactful for the 

mobility sector. Greenhouse gases and COx/NOx 

emission created awareness for hybrid and 

electric vehicles, while population growth elevated 

the need for viable high-capacity public transport 

solutions and car-sharing solutions. Infrastructure 

connectivity serves as a launch-pad for 

autonomous vehicles, ever-generating information 



connected to a grid, be it a future smart electrical 

grid to provide a power supply or a digital grid to 

accommodate for immediate decision-making. 

Higher processing capacity is necessary today 

exclusive for Big Data analysis produced per 

smartphone, the technological equivalent to a 

person. Smart mobility is a single aspect of what 

comprises a smart city and, as such, when 

contemplating an integrated solution, all main 

systems should be allowed to share this data. 

 

3 ROUNDABOUT EVALUATION 

 

3.1 Roundabout concepts and layouts 

As stated, the notion of roundabout, traffic 

circle or rotary has been adapted over time. 

Although all circular in shape, rotaries and traffic 

circles can exist without complying with standard 

traffic regulation for roundabouts, as, for example, 

the necessity to yield when entry or counter-

clockwise rotation. (Robinson, 2000). 

For intersection traffic, the boundaries for 

uncontrolled intersections vary highly with the 

main road traffic volume. As an example, for a 

main road/secondary road traffic volume ratio of 

3:1 or lower in rural areas, or under 1500 vehicles 

per hour, unsignalized intersections can be 

considered, whereas for an urban area with 2000 

to 2500 vehicles per hour, either a signalized 

intersection or a roundabout must be considered 

(figure 2 for more detail). Aside from traffic 

volume, multiple factors should be taken into 

consideration when integrating an area as a 

roundabout or intersection, such as geometry, 

driver behaviour and socio-economical factors. 

 

 
Figure 2 - Volume as a deciding factor to dimension 

intersections or roundabouts 

When comparing intersection versus 

roundabout, it is neither viable nor justified to 

change all existing intersections to roundabouts, 

both from a traffic and economical point of view. 

Depending on traffic flow in both conflicting roads, 

road dimension and location of the intersection in 

a network, unsignalized intersection are valid 

options and often a common sight in small cities 

and non-critical points of networks. 

Regarding its geometrical concept, different 

types of roundabout have been constructed 

throughout the years. The most common is the 

standard roundabout, presented with different 

sizes spanning from smaller mini to urban, up to 

the largest rural roundabouts. They factor in the 

amount of entry and circulation lanes, be it single 

or dual lane, with or without depressed right 

turning. Some also take into account traffic signals 

to adjust the traffic flows during peak hour, while 

maintaining a capacity increase over standard 

intersections. More complex solutions were 

initially developed as a particular response for 

specific traffic problems and later turned out to be 

sustainable, replicable models. They have unique 

differences from regular roundabouts in 

conception and typology, and span from larger 

adaptations from the more traditional types, such 

as ring roundabouts and double roundabouts and 

even next-generation models such as turbo, 

hamburger, dumb-bell, dog-bone flower, target or 

even segregated-turning (“four bridges”) 

roundabouts. (Tollazzi, Rencelj, 2014) 

3.2 Analytical aspects for roundabouts [PT/HCM] 

In this paper, the HCM2010 methodology 

for roundabouts and the Portuguese adaptation 

provided by FCTUC (Faculdade de Ciências e 

Tecnologias da Universidade de Coimbra) are 

compared for the same case study. First, it is vital 

to understand the importance of capacity in a 

roundabout, since most methodologies use the 

same basic procedure to dimension them. In any 

given equation, the main goal of the routine is to 

establish the entry capacity, depending on the 

conflicting traffic flow that is represented per said 

entry. This is a two-step method: you must initially 

analyse the conflicting traffic flows per entry, 

meaning that you should specify which conflicting 

flows contribute to block an entry; and then, based 



on that value, you run the methodology-specific 

equation to obtain the entry capacity. The HCM 

methodology for roundabout LOS calculation is 

comprised of the following steps: 

• Converting movement demand volumes to 

flow rates, by taking into consideration the 

Peak Hour Factor and demand volume 

captured for a specific movement; 

• Adjusting vehicles for heavy vehicles; 

• Determining circulating and exiting flow rates; 

• Determining the entry flow rate by lane; 

• Determining the capacity of each entry lane 

as passenger car equivalents, by using the 

proposed equations (see table 1); 

• Adjusting for pedestrian impedance; 

• Converting lane flow rates and capacities into 

vehicles per hour; 

• Computing volume/capacity ratio per lane; 

• Computing the average control delay per 

lane; 

• Determining the LOS per each lane on each 

approach; 

• Computing the average control delay and 

determining the LOS for the whole 

roundabout; 

• Computing the 95th percentile queues for 

each lane. 

Table 1- HCM2010 formulae for roundabout capacity 
calculation, depending on lane number 

Lane 1 Circulating Lane 2 Circulating Lanes 

1 
Lane 

𝐶𝑒,𝑝𝑐𝑒

= 1130𝑒(−1,0𝑥10
−3).𝑣𝑐,𝑝𝑐𝑒 

𝐶𝑒,𝑝𝑐𝑒

= 1130𝑒(−0,7𝑥10
−3).𝑣𝑐,𝑝𝑐𝑒 

2 
Lane

s 

𝐶𝑒,𝑝𝑐𝑒

= 1130𝑒(−1,0𝑥10
−3).𝑣𝑐,𝑝𝑐𝑒 

𝐶𝑒,𝑅,𝑝𝑐𝑒

= 1130𝑒(−0,7𝑥10
−3).𝑣𝑐,𝑝𝑐𝑒 

𝐶𝑒,𝐿,𝑝𝑐𝑒

= 1130𝑒(−0,75𝑥10
−3).𝑣𝑐,𝑝𝑐𝑒 

 

 

Figure 3- Formulae for roundabout capacity 
calculation, per country 

Regarding the FCTUC approach: 

• The F factor represents the maximum 

capacity available in an entry lane, which 

bears a close dependence of entry lane-

related parameters such as e, v and l’. This 

parameter will assume a minimum of 335,47v 

(v being the approach width), if the entry 

width and approach width are equal. F also 

represents the maximum value that a 

conflicting flow can obtain until it prevents 

further entries in the roundabout; 

• The fc factor stands for corrective factor of 

conflicting traffic flow, as it adapts the pre-

existing circulating flow into a comparable 

measure to the maximum capacity available 

per entry;  

• The accumulation potential factor tD is 

responsible for expressing the amount of 

vehicle accumulation possible in the 

roundabout, mostly expressed as a function 

of ICD. tD is represented by an interval of 

values around 1,983 for smaller roundabouts 

up to 1,4915 for larger ones. This means that 

smaller roundabout radiuses tend to 

accumulate less circulating traffic, 

representing fewer conflicts for entering 

traffic flows. 

• The k factor represents efficiency ratio per 

entry, directly related to the entry angle 

(angle between entry and conflicting flows) 

and inversely related to the entry radius. 

Drivers are expected to experience the full 



benefits from smaller roundabouts, where the 

entry angles are around 30º and entry 

radiuses 20m. 

 

3.3 Micro-simulation aspects relevant for software 

choice and parameter variability 

Apart from theoretical models, simulation has 

been widely accepted as an effective method for 

validating traffic proposals and changes in layout, 

traffic planning and whole solutions. One can 

define simulation as Drew did back in 1986 – “a 

dynamic representation of the real world, obtained 

from building a model and varying it in time”. A 

traffic scenario is set, complete with entry data 

provided by the analyst, and the provided results 

will provide the analyst a detailed description of 

what is likely to happen. It is also advantageous to 

provide a plethora of scenarios and comparing 

them, without any impact for the actual users. 

(Quoted by Macedo, 2013) 

In micro simulation, vehicle/driver behaviour 

models are the core component that includes 

each individual driver flow into the general 

simulation. Most models are based around the 

movement equation, focused on acceleration of a 

vehicle (𝑎𝑖) as a derivative of speed over time (𝑣𝑖). 

Alongside gap acceptance models, the most 

common ones presented in micro simulation are 

car-following, free-flow general acceleration and 

lane-changing models. Car-following models 

focus in describing mathematically the effects of 

vehicles following other vehicles, as well as the 

speed effect and dependency, especially in queue 

accumulation behaviour.  

In this case study, a distinction between what 

is assumed as variable and parameter is crucial. 

The outputs of this model will be referred to as 

“variables”, since they will be used in the equation 

for roundabout comparison. This includes, but is 

not limited to, geometrical variables for the 

roundabout’s design, as well as capacities for 

entering and circulating traffic. The “parameters” 

will represent innate drivers’ aspects that will vary 

throughout each set of simulations to provide a 

more realistic approach to the outcome. Several 

different parameters have been defined in 

previous works as they are relevant for the overall 

study and easy to gauge using the intended 

software. The most relevant parameters for this 

paper’s scenario are: 

• Speed acceptance 

• Headway and gap-acceptance thresholds 

• Maximum acceleration 

• Maximum deceleration 

• Sensibility factor 

• Margin required for overtaking vehicles 

 

4 CASE STUDY PRESENTATION: THE 

MARQUÊS DE POMBAL ROUNDABOUT 

 

4.1 Historical background 

Besides granting a vantage point towards the 

river and the city centre, the Marquês de Pombal 

roundabout was better known as a flux dispenser 

towards the commercial area of Lisbon, 

connecting it to inbound and outbound traffic 

during peak hours to Lisbon’s outskirts and 

vicinities. This is the main cause for the high 

vehicle demand and elevated conflicts in the 

roundabout, alongside a dubious roundabout 

geometry and with no proper traffic light planning. 

Alongside erratic driving behaviours and failure to 

comply with the speed limit, most drivers labelled 

it one of the most hazardous places to drive in the 

city. As an initial response plan, the main entry 

and exit flows were equipped with a coordinated 

traffic light plan, fully integrated with Lisbon’s 

Municipality (CML) central system GERTRUDE, in 

order to control the traffic flows during peak time. 

Although this measure proved to be useful, follow-

up measures to keep up with traffic flow evolution 

were scarce and an alternative route set to 

respond to the unbalanced tendency of the 

towards the city’s central axis was eventually 

deemed necessary. As a result, in the beginning 

of the new millennium, the projection phase for a 

tunnel connecting the main accessed and 

effectively bypassing the roundabout started. 

In 2012, an announcement was made by CML 

to declare that the Marquês de Pombal 

roundabout would undergo a trial period with 

some major changes regarding accesses and 

circulation flow. Two concentric roundabouts 

destined to main and secondary traffic ways 

respectively were adapted from the previous 

layout, leaving the outer roundabout to allow local 



traffic access and the inner one to ensure the 

main distribution flow. The main focus behind 

these changes was not a traffic approach, but 

rather an urbanistic requalification to ensure that 

pedestrians would gain a safer crossing 

environment in a previously vehicle-driven 

scenario. 

 

4.2 Data gathering and extraction 

After consulting with the responsible entities 

and establishing an adequate height to capture a 

wide enough angle for the roundabout’s entry and 

exit points, two vantage points were considered: 

the Fenix hotel rooftop and EDP’s balcony. An 

additional evaluation that took into consideration 

vehicle motorization rate from 2010 up to 2013 

was carried out, alongside data provided from 

Lisbon’s municipality prior to the roundabout’s 

layout change. This served to create a baseline 

scenario to compare the subsequent traffic 

volumes. Four different sets of data tables were 

organised, to account for both roundabouts and 

both peak hour periods, along with a timestamp 

per phase, number of vehicles by category, 

average duration counted per interval and total 

average phase duration. The average value, 

standard deviation and variance were also 

calculated, based on the size of total sample, in 

order to provide a better understanding of the 

relevancy of the information gathered. 

 

5 SUPPORTING THE MODELS: HCM2010 

AND FCTUC METHODOLOGIES 

 

5.1 Validating the database. The GEH statistic 

A viable way to evaluate two if two different 

samples can represent the same reality in traffic is 

by resorting to the GEH statistic. It follows a very 

similar formula as the Chi-Squared test, since 

both the measured or observed hourly traffic 

volume (M) is taken into account directly with the 

previously received sample for comparison (C): 

𝐺𝐸𝐻 = √
2(𝑀 − 𝐶)2

(𝑀 + 𝐶)
 

The resulting value from the GEH statistic is 

able to inform whether or not a solid match exists 

between the both volumes. If the value is under 

5.0, then there is a good relation between both 

values. If the value is between 5.0 and 10.0, it can 

still be accepted with proper justification, and 

should be revised or recalibrated. Any value over 

10.0 accepts the possibility that there are no 

significant correlation between both data, and 

either recounts should be made, or the model 

should be adjusted accordingly. 

In this case study, both accesses Duque de 

Loulé (DL) and Braancamp (Br.) used to be 

connected directly to the central roundabout, and 

are now diverged to the outer roundabout. Also, 

traffic lights were placed in the outer roundabout, 

delaying the circulation. The last tunnel segment 

provides a direct connection between Fontes 

Pereira de Melo (FPM) and Joaquim António 

Aguiar (JAA), both highly solicited during the peak 

hours. Especially in JAA, it is expected a severe 

reduction of traffic volume with the finalization of 

the tunnel. Therefore, a significant change is 

expected for the GEH analysis. 

 

GEH 
      

Entry/Exit FPM JAA Br. AvLIB DL Tot 

FPM 6,11 15,11 10,89 9,19 23,42 13,32 

JAA 12,60 2,13 6,62 3,73 33,31 29,83 

Br. 9,90 9,49 1,41 20,31 0,16 5,98 

AvLIB 5,41 6,32 7,32 42,35 12,81 5,72 

DL 10,93 16,88 11,21 4,19 2,00 6,90 

Total 10,05 2,58 12,32 2,18 30,35 22,51 

 

Both scenarios contain their own O/D matrix, 

loaded onto the Aimsun simulator. The main goal 

of this analysis is to provide gaugeable traffic 

indicators that can be compared in each different 

case: for HCM2010, these will be the control delay 

(d) as well as the LOS and 95th percentile queue, 

both for the inner and outer roundabout; for 

FCTUC, the volume to capacity ratio (X). Three 

different cases can be proposed: 

• LOS methodology following both HCM2010 

and FCTUC for the old roundabout layout, 

using the 2009 database provided by CML; 



• LOS methodology following both HCM2010 

and FCTUC for the old roundabout layout 

with the gathered information from 2014, in 

order to detect its adequacy to lower volume 

loads; 

• LOS methodology following both HCM2010 

and FCTUC for the new roundabout layout, 

using the gathered information from 2014, in 

order to properly compare it to the old 

roundabout layout in the 2nd case. 

 

For the first case, the results show that, 

regardless of HCM2010 or FCTUC and for a 

conflicting volume roundabout-based scenario, 

the overall LOS for the roundabout is F, with Br 

being the most overloaded entry. This differs 

slightly from the other approaches, where the 

roundabout LOS is still F, yet the most overloaded 

entries are FPM and JAA. Furthermore, following 

the methodology for FCTUC, FPM is not even 

accounted for as one of the main loaded entries, 

instead being displayed with only 61% of 

volume/capacity ratio. 

For the second case, the roundabout model 

was far from saturated and the variations in 

capacity, volume/capacity ratio and queue 

accumulation are exponential. Yet, this does not 

provide an accurate comparison between both 

scenarios, instead showing that the old 

roundabout layout would have performed 

adequately with the existing traffic flow. With this 

case’s outputs, it is possible to directly compare 

the old and new layout and effectively verify which 

fit is best. 

During the third case, none of the entries for 

the outer roundabout faced capacity during 

morning peak hour, and, during the afternoon 

peak hour, the only saturated entry is FPM. 

However, total lost time indicates that crossing the 

roundabout would take 35 seconds for the 

shortest exit (AvLIB to AvLib2) and an average of 

156 seconds accounting all movements. That 

would categorize the roundabout as LOS F, 

regardless of the entry being evaluated. This 

means that it can be subjected to debate that this 

roundabout should not follow traditional methods. 

 

6 BUILDING SIMULATION MODELS IN 

AIMSUN 

 

6.1 Model comparison 

To properly conclude the comparison between 

roundabouts and emulate the different possible 

driving scenarios, the last step on this thesis is 

building a micro-simulation model for both 

roundabout layouts, complete with the traffic 

signal plan and traffic database. The goal will be 

to achieve similar levels to the theoretical 

approach in order to validate it, while 

simultaneously comparing each scenario. As 

mentioned in chapter 3, the micro-simulation tool 

used was Aimsun and, in order to successfully 

create a simulation scenario, several steps need 

to be followed: 

• Creating the layout for the intended area, 

with capacity levels in each road segment; 

• Connecting the layout using links and specify 

movements; 

• Placing detectors to measure vehicle output 

after the simulation; 

• Building a traffic signal plan according to the 

information gathered on site; 

• Building a traffic state or matrix state to load 

the scenario; 

• Creating a master control plan with the 

necessary information; 

• Loading a dynamic experiment, with the 

number of adequate replications, according 

to the IC/ME methodology; 

• Extracting the information to an Excel sheet. 

For the old layout, two different load situations 

were devised: when the initial traffic plan proved 

unsuccessful in producing the expected results, a 

change in traffic plan was made and 

corresponding simulations were carried out; and, 

to compare the situation back to the free-flow 

evaluation, a no-traffic light planning scenario was 

also simulated to verify its LOS. For the new 

layout, the traffic planning according to CML was 

taken into consideration. In table 2, a comparison 

between each of the aforementioned results is 

shown. 

As expected, the free-flow scenario functions 

perfectly in the simulation and outperforms every 

other scenario. However, it is neither road safe 

nor even a viable comparison, as the intended 



method would always include traffic lights. 

Regarding the other two scenarios, the new layout 

outperforms the old one in every aspect, providing 

more vehicles entering and exiting the 

roundabout, fewer vehicles waiting to enter both 

the inner and outer roundabouts and roughly a 

fourth of lost movements. If purely evaluated by 

delay time, all three scenarios would show a LOS 

F, which serves little compared to the outputs 

generated by the simulation scenario. 

 

Table 2 – Simulation results for the old and new 
layout 

  

Old (signal 

plan) 
Old (free flow) New 

Entry vehicles 3506 5345 5077 

Density 51 21 38 

Total distance 

traveled 
1163 1755 1820 

Average queue 220 69 146 

Lost 

movements 
481 65 136 

Delay time per 
km 

704 210 344 

Waiting time in 
queue 

201 19 118 

No. of waiting 
vehicles 

1929 93 667 

 

6.2 Parameter variation 

Both scenarios were subjected to several 

parameter changes, in order to see how this 

would influence the output and LOS. Different 

parameters were chosen to be representative of 

the changes in roundabout modeling, which 

resulted in seven different scenarios: acceleration 

variation; car following speed acceptance-based 

model; sensibility factor variation; vehicle gap 

variation; and margin for overtaking. Some of 

these parameters have to be changed in the class 

By evaluating each parameter individually, the 

most impactful were both the addition of the two-

lane car following behavior and the decrease in 

vehicle gap. This is logical, since it is essentially 

fitting more vehicles in narrower spots, occupying 

less of the roundabout area per cycle. The 

sensibility factor worked as a mitigation effect 

while driving on the roundabout, performing 

similarly to human driving behavior to attenuate 

several maneuvers. The other parameters 

impacted very little on the roundabout model, 

since an increase in acceleration and reduction in 

overtaking margin are universally counterintuitive 

to a roundabout crossing. For table 3 however, 

the impact is much more subtle: the highest 

variation is explained by the acceleration, 

opposite of was verified in the old scenario. With 

the displayed information, it can be said that the 

new layout has a similar behavior to a signalized 

intersection and the old one is more oriented 

towards the classic roundabout behavior. 

 

7 CONCLUSIONS, CHALLENGES AND 

IMPROVEMENTS 

 

7.1 Variability conclusions  

Although a layout explanation could be behind 

the overall explanation for this method, the 

comparison of data to a reliable source proved 

that, during the layout transition, a tremendous 

amount of vehicles vanished from the roundabout. 

Also, as predicted previously, it became possible 

to establish the possibility of the traffic migration 

towards the new tunnel in between data 

collection. Therefore, the adaptation and 

theoretical approach behind the model 

comparison had to be adjusted accordingly, to 

predict the LOS evaluation with the same volume 

flow. Finally, this comparison served to establish 

the importance of the GEH methodology as well 

as the need for a viable database. 

Thanks to micro-simulation, a better 

understanding of how traffic will evolve throughout 

a set period is possible, disregarding the 

photographical approach of both analytical 

methods. Also, several minor adjustments can be 

made in order to achieve a more concise model, 

especially when a real database was already 

established. 

 

7.2 Main conclusions for this work  

Overall, the inclusion of car-following patterns 

in roundabouts has been widely discussed, so 

including that behavior in the traffic simulation 

proved to be the best parameter change. By 

shortening the gap while maintaining the overtake 

margin, the most enhanced model was 

successfully build. 

One of the main issues tackled early on was 

the adaptability of the roundabout model, which 

ended up either being complemented or 



completely replaced by a signalized intersection 

approach. This thesis proves that classical 

analytical models cannot be used to their full 

extent when dealing with singular designs such as 

the one provided in the case study. It also served 

the purpose of demonstrating a traffic simulator’s 

viability. Finally, out of the two tested models, the 

most adequate for both entry/exit volumes proved 

to be the new layout. With less saturated entries 

and exits during the same periods and often 

resulting in shorter queues, it could eventually be 

debated if the actual traffic light program would 

even be suited for the old layout. However, in 

terms of raw capacity for an unsignalized 

intersection, the old layout would have proven to 

be much more capable of handling heavier traffic 

flows, albeit being an hazardous solution to 

implement. 
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