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Preface 
In this research project we were tasked by the municipality of Rotterdam to implement a new 

roundabout design for a signalized junction in the heart of the city; specifically at the 

Boompjes, Erasmusbrug, Vasteland and Schiedamsedijk intersection. Furthermore, we are also 

tasked to recommend and sell our design idea with its advantages and/or disadvantages to the 

municipality.  

Our project group consists of students who are enrolled in the Traffic and Transport 

Management course in the Academy of Urban Development, Logistics and Mobility at the 

NHTV University of Applied Sciences starting in December 2013 to March 2014. The project 

has been carried out by the following students: 

Alexandros Tziolis, Charline Dielen, Erik Petkov, Jelle Mertens, Mike Schroten and Thomas 

Geier 

Summary 
Next to the knowledge gaining aspect, the goal of the project roundabout was the 

development and creation of the most beneficial roundabout intersection design for an 

existing crossing in the heart of Rotterdam. Research has been carried out to answer questions 

concerning problems with the current intersection design and in the field of traffic 

infrastructure capacities, especially concerning roundabouts. Restrictions on provisions for 

several means of transport and the spatial division on site have been investigated. Data 

concerning traffic intensities has been collected from the municipality of Rotterdam and by 

the performance of visual counting procedures. With the knowledge gained during the 

described research;  an intersection design data has been carried out, that splits the occurring 

means of transport on three levels, a rotor roundabout for motorized vehicles, a tram over 

path and an under path for cyclists and pedestrians. 

This design shows great advantages concerning safety, capacity and fluency of traffic, which 

leads to less congestion and less pollution. The design is also capable to deal with expected 

rises in the intensities of slow means of transport and public transport, in the forms of bicycles 

and trams. The cost for this traffic measure has not been considered during the decision phases 

but has also been estimated.  

The described design will be recommended to the municipality of Rotterdam, since it can bring 

great advantages to all means of transport occurring at the intersection. It can also be 

considered beneficial for several policy plans which deal with a modal shift to bicycle and public 

transport. 
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1. Introduction 
1.1. Reason for the research 

Project Roundabout, as the project is called, has been created in order to teach students to: 

 Design a roundabout in its surroundings 

 Be able to give an advice to for example a municipality 

 Be able to look into traffic (un)safety 

 Make an estimation of the effects of such a traffic measure 

To learn these points, an intersection has been selected by the municipality of Rotterdam and 

the NHTV: the "Boompjes-Erasmusbrug-intersection". 

The students then needed to design a new intersection which should include a roundabout, 

except if this would not suit the intersection in regard of massive delays for the modes of 

transport using this intersection. At the end of the project, the students will present the new 

intersection for the municipality of Rotterdam and then show their new found knowledge 

mentioned in the above stated points. 

1.2. Objective and Goal 

The goal of this project was on the one hand the development and creation of the most 

beneficial intersection design for an existing crossing in the heart of Rotterdam, that would 

improve the traffic situation, still meet all the necessary requirements and restrictions that 

would occur in policy plans but also contribute much to the municipal quality of life in its 

surroundings. 

On the other hand, the knowledge gaining aspect is objective of this project as well. The 

students of the course International Traffic Management are confronted with a real life 

situation of traffic advisory, which may occur in their future working field of traffic consultancy 

and will therefore develop professional skills and competences; in the field of infrastructure 

design but also in the field of transport policy.  

1.3. Research setup 

The project required the application of different research methods in various fields to 

determine the problems and disadvantages of the current intersection design, the goals and 

key requirements of a future design and the possibilities with which these goals may be 

achievable.  

Especially the design possibilities and restrictions in structures required intense literature and 

online research, also the application of information gathered in our education at the NHTV 

contributed and facilitated the work on this project. Literature research was also used to define 

the goals of the future design and to ensure compliance with the policy of the municipality of 

Rotterdam.  

Information on capacities and intensities of traffic, as well as on the spatial division of the 

intersection were partly provided by the municipality of Rotterdam. For data that could not be 

provided by official sources, visual traffic counting procedures have been performed at the 

site.  

For the actual design and the structural restrictions, data provided in infrastructure manuals 

and indication documents with characteristic data for infrastructure have also been used.  



Project Roundabout                                                                            IB Traffic Management NHTV Breda  

4 
 

Research questions 

The project group seeks to answer the following questions during the project work flow with 

the use of the above mentioned methods.  

Concerning the analysis of the current situation and its problems, the following questions 

needed to be considered: 

 How many motorized vehicles, trams and slow means of transport cross the intersection 

and what IC-ratio is formed with these intensities? (by slow means of transit it is defined 

as bicycles and pedestrians) 

 Is the current design capable of the traffic occurring?  

 Is there a safety problem at the intersection?  

 Are there problems with waiting times for slow means of transport? 

Concerning the creation of the design, the following questions are vital for a successful 

determination: 

 Which boundaries occur in the spatial division of the site? 

 What policy restrictions of the municipality need to be considered?  

 Are there environmental aspects that need to be taken into account?  

 Which possible designs can cope with the traffic intensities and other requirements?  

 How can the most beneficial design be determined?  

After the creation and choice of the final design, the following questions occurred, which deal 

with the capabilities of the actual final design: 

 Can the chosen design cope with the traffic intensities and does it provide the desired 

benefits?  

 Are environmental issues considered in the design?  

 What is the construction cost of the design?  

 

1.4. Readers Guide 

This research report is structured in six main chapters, the introduction chapter, which includes 

the reader’s guide and the above mentioned research characteristics. The information chapter 

describes in the following on how the research has been carried out in detail and states the 

requirements and design restrictions that needed to be taken into account during the creation 

of the future design. The third chapter provides analysed information about the current 

situation at the intersection and describes the problems that occur at the site. Based on these 

problems it additionally describes the goals that need to be met by the final design. Chapter 

four deals with the possible design and the decision process for the final design. Chapter five 

gives detailed information on the actual final design, giving the cost and the impacts the design 

can have on the environment. Lastly in chapter six, the conclusion of the research and a 

recommendation can be found.  

Most of the sub chapters within these six main sections are headed with the research question 

that is answered in the chapter, which provides a fast overview and a clear idea of the content 

when reading the table of contents or the chapter headlines.  
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2. Information 
2.1. The current traffic situation and its problems 

The project group received the intensity data of cars passing the intersection during peak hours 

from the municipality of Rotterdam. To determine the intensities for the other means, the 

project group performed a visual counting. On Thursday, 23rd of January the project group 

counted the pedestrians, emergency vehicles, bicyclists and trams for each direction on the 

junction during the morning peak. The IC-ratio of the current situation has also been calculated 

with the outcome 1,03. With the use of a calculation sheet by Bertus Fortuijn, several 

roundabout situations could be investigated and checked whether these can cope with the 

occurring traffic intensities. The outcome of this, was that there was only one roundabout 

design,  that would fit the intersection capacity wise, the rotor roundabout. This rotor 

roundabout would provide an IC-ratio of 0,79, when no crossing with other means of transport 

occurs.1 

On Thursday, 23rd of January the project group observed the intersection. When traffic 

problems occurred it was tried to analyse these problems. The calculated IC-ratio was taken 

into consideration as well. Based on the observations on the 23rd of January and the individual 

reports made on safety, the safety problems were defined. During this observation, a visual 

counting was performed, as well, to provide data of slow means of transport and the frequency 

of trams.  

2.2. Information concerning the design  

The project group utilized two programs to draw out a digital situation of the new design, 

AutoCAD and SketchUp. The current junction was provided as a digital situation by the 

municipality of Rotterdam. This digital situation was used to investigate structural boundaries 

that might occur and to put the new situation in. 

The knowledge that has been gained during the courses of Traffic Systems Design, as well as 

the information provided in the research for the individual parts has been used to determine 

the design of the new junction to create the most traffic beneficial situation. Information that 

was needed but not provided in the two above mentioned ways, has been found with the use 

of literature research.   

2.3. Capabilities of final design 

The calculation sheet by Bertus Fortuijn provided the IC-ratio of 0,79 for the chosen 

roundabout solution for motorized traffic, this figure and the fact that every mode of transport 

is using dedicated infrastructure was used to determine whether the new design was traffic 

beneficial.  

With help of the individual report concerning environment and the knowledge gained during 

the courses of the Traffic Management study, the environmental effects of the new to its 

surroundings could be determined. The construction cost has been estimated with the use of 

characteristic cost data for infrastructure, provided in the Kengetallenkompas GWW. 

                                                             

1 The Bertus Fortuijn calculation sheet was provided by the the Academy for this project. 
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3. The current situation 
3.1. Description of the current situation 

The junction between the Erasmusbrug, Vasteland, Schiedamsedijk and Boompjes is an already 

excising four-leg junction. It is being used by motor vehicles (cars and trucks), trams, bicycles 

and pedestrians. In the current situation everything is being managed with traffic lights.  

Cars and trucks are able to turn to every direction from every direction, with the exemption of 

turning around. All these directions have their traffic lights; varying from one to three lanes for 

the same direction. The road from Vasteland to Boompjes and the other way around is a 

priority road, so in essence this means that this road should flow continuously.   

The trams use the intersection only on three sides. The Erasmusbrug, Vasteland and the 

Schiedamsedijk. The tram can go from all three streets to the other two. This means there are 

two tracks at all times. When a priority tram is approaching it has priority on the other vehicles. 

This means that in this situation the traffic lights of interfering directions will turn red.  

The pedestrians and bicyclists cross the streets after the intersection in all four directions. 

From the Erasmusbrug to the Schiedamsedijk and the other way around the bicyclists can only 

cross to one side. The bicycle lanes on the Erasmusbrug are both one way traffic. 

The intersection counts seventeen car traffic lights, sixteen pedestrian traffic lights, six bicycles 

traffic lights and three tram traffic lights. The car intersection has a diameter of 22,50 metres 

and including the cycle lanes 33 metres of diameter.2 

3.2. What are problems at the intersection? 

The current signalized four-leg intersection brings some problems. The intersection has two 

interfering priority streams.  The IC-ratio of the intersection 1,03, this means that in peak traffic 

there is more cars using the intersection than its maximum capacity, the results is waiting lines 

on the intersection. 3 

The road from the Vasteland to Boompjes is a priority road and should have flowing traffic as 

much as possible. Secondly several tramlines, which use the intersection, are priority trams. 

They should not have to wait on other traffic. Since the tram is prior to the cars the cars have 

to wait.  

The cars do not only have to wait for the tram but also for interfering traffic streams. This 

makes the waiting time for cars increase. This with the relatively long waiting lines makes the 

intersection a bottleneck.  

The cyclists and pedestrians have to wait until there is not interfering traffic stream at their 

crossing.  For example cyclists crossing from the Erasmusbrug to Schiedamsedijk have to wait 

for a tram from the bridge or a stream from the bridge to the left. If one of these streams is 

green the bicycles get green as well. This way the capacity for cars does not decrease. The 

disadvantage for bicycles is that the waiting time before the light hits green can in some cases 

be rather long.  

                                                             

2 Figures based on Bertus Fortuijn, Turborodonde en turboplein rapport; provided online by the 
academy for this project. 
3 IC-ratio calculated by Rien Smalheer. 
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This longer waiting time makes it less appealing to take the bicycles or go walking in Rotterdam. 

Apart from this the change that someone ignores a red light increases. This can than lead to 

possible danger. 

Close to the intersection the Erasmus Medical Centre has their headquarters. The current 

design does no enable emergency vehicles to cross the intersection without waiting for other 

vehicles. The line of waiting vehicles in front of the intersection can make it hard for a 

emergency vehicle to continue its way. 

3.3. What is the goal of the future design? 

To make a new design of the intersection, future goals of the policy of the municipality of 

Rotterdam must be met. The following goals are significant for the future design.  

There is no rise in intensity for cars and trucks expected in the future. Thus keeping the current 

car capacity is sufficient enough. What needs to be achieved with the future design is a better 

flow of traffic and less waiting times. The municipality of Rotterdam's pursues a reduction of 

motorized traffic by 30% in the future. Thereby public transport and bicycle usage will increase.  

Since higher intensities for bicyclists and pedestrians are expected in the future the 

attractiveness for bicyclists and pedestrians should be improved by higher capacities, a better 

flow of traffic and less waiting times. 

There is a rise of public transport usage in Rotterdam expected. Therefore higher capacities 

for public transport for especially the tram system is needed. Rotterdam tries to achieve an 

increase of public transport usage by 40%.4 The future junction should enable emergency 

vehicles to get to each direction safe and fast. Police personnel must not be involved by 

regulating the traffic when emergency vehicles cross the intersection.  

Higher the quality of life by less emissions and noise particularly with regard to the decrease 

of car traffic. The design should provide a traffic situation that is safer than the current 

situation. By designing a junction with less conflicts points, a decrease in maximum speed but 

a better flow of traffic. And the creation of a functional, homogeneous and predictable junction 

is of high importance. 

4. Possible designs and choice 
4.1. Description of possible designs  

Before the final design of the roundabout was chosen, three possible designs were drawn. 

These designs all rise the capacity, decrease waiting time and improve the traffic flows 

compared with the actual design. 

Design A: Rotor roundabout 

The first design was a rotor roundabout with a tram over path upon this roundabout and a 

tunnel for cyclists and pedestrians underneath the structure. This design needs a tram ramp 

with a four percent gradient, this is the maximum steepness for trams5. The tramway 

intersection is on the over path. 

                                                             

4 PDF: Rotterdam Programme on Sustainability and Climate Change, available online 
5 Eisenbahn-Bau- und Betriebsordnung (EBO), Bundesministerium der Justiz und für Verbraucherschutz 
der Bundesrepublik Deutschland.  
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One should try to avoid pedestrians and cyclists to use the rotor roundabout. It would be 

dangerous to give them priority because of the drivers’ blind spots, created by the vehicles its 

own design or because sight is blocked by another vehicle on the roundabout. When one puts 

the cyclists and pedestrians out of the priority, then these cyclists and pedestrians have 

problems crossing the road, especially due to the high IC-ratio on this intersection (0,75-0,8 

when a rotor roundabout is implemented6). In order to separate these modes of transport, a 

tunnel or bridge should be constructed and since there already is a tram over path, the final 

design will include a tunnel. This will also decrease waiting times because the different modes 

of transport do not have to wait on each other anymore in order to cross the intersection (like 

it is nowadays and in design B and C). 

Design B: signalised car/tram intersection with cyclists/pedestrians tunnel. 

The second design will not include a tram over path but a signalised intersection like it is 

situated nowadays. However, the cyclists and pedestrians will cross the intersection via a 

tunnel underneath the intersection, just like design A. The traffic flows (and the green periods) 

are combined with crossing trams in order to cause as less possible delays. However, with the 

implementation of a tunnel for cyclists and pedestrians especially the right going traffic gets 

more green periods because this traffic flow is then not blocked by cyclists/pedestrians 

anymore. This should decrease the IC-ratio, although it will not be a huge reduction. 

Design C: Tram over path with car/cyclists/pedestrians on one level. 

The last possible design contains a signalised intersection for motorized vehicles and 

cyclists/pedestrians. However, with the implementation of a tram over path the delays caused 

by trams are removed. While green periods are combined with the crossing trams, it still causes 

a delay for car traffic because the green periods cannot be adjusted in the ideal routine but 

this has to adjust itself continuously in order to give the (express) trams priority. 

Cyclists and pedestrians crossing the intersection results in a higher IC-ratio because the right 

going traffic flow has less green periods. However, the total IC-ratio will decrease due to the 

benefits of the tram over path, which are stated above. 

4.2. Criteria for evaluation of possible designs  

In order to be able to make a sufficient and effective comparison of the three above mentioned 

possible design solutions, a multi criteria analysis has been carried out. In this analysis, the ten 

below mentioned criteria have been defined and weight by importance. 

The three design possibilities have then been examined based on these criteria and in 

comparison to the current situation with a scale of -2 (extensive worsening) to 2 (extensive 

improvement).  

With 20 percent each, and thus the highest weights, were the two criteria IC-ratio and safety 

rated most important. The IC-ratio describes the ratio between the capacity provided by a 

certain infrastructure and the actual intensity occurring at the infrastructure. An IC-ratio of 

maximum 0,8 is considered optimal for a traffic situation without congestion. In this particular 

case, not the actual figure, but the figure in comparison with the current IC-ratio is relevant, 

since, as mentioned above, the entire analysis is based on comparisons with the current 

intersection design. Safety describes the overall safety of traffic, concerning the number of 

                                                             

6 Excel calculation sheet „Capacity turbo roundabout“, provided by Academy for this project. 
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conflict points, also between different means of transport, the speed of traffic and the 

forgivingness of the structure to minor mistakes in traffic behaviour.  

The following four criteria have been weighted with a percentage of ten percent each. This 

group contains the waiting time, which concerns the time a traffic participant stands still 

without movement before the junction can be passed. All means of transport, which occur on 

the junction, are considered in this. The criteria Emergency vehicles deals with the occurrence 

of EMC bound ambulances that need to cross the intersection in the fastest possible way and 

tries to investigate the situation for those in the future designs. In this investigation, police 

convoys, that help ambulances nowadays are not considered as an option and not taken into 

account in the Analysis. The criteria air pollution deals with the capability of the design to lower 

emissions and therefore better the air quality in the direct surrounding of the junction. The 

operating cost, which is also weighted with ten percent, describes cost that occur during the 

operation of the intersection, such as power consumption and cleaning procedures.  

The functionality for bicycles is one of the four criteria that has been weighted with 5% and 

describes whether the design is easy to use for bicyclists in the mean of bicycles that wait to 

cross on direction do not block flowing bicycle traffic or the amount of waiting periods 

necessary to cross the intersection diagonal. Complexity of the structure describes whether 

traffic participants understand what the design wants them to do, especially concerning the 

state of recognition. This concerns all means of transport occurring at the junction. The criteria 

noise pollution describes whether the design can contribute to a reduction of noise, as every 

criteria, this will also be investigated using a comparison between the current situation and 

the possible designs. Maintenance cost, the last criteria of this group, describes reparation and 

replacement cost.  

4.3. Multi Criteria Analysis  

The table below shows the ratings each criterion received during the multi criteria analysis on 

the possible designs.  

  Design A   Design B   Design C    
Criteria car tram bicycle car tram bicycle car tram bicycle 

IC-ratio 2 2 2 0 0 2 1 2 0,5 
Functionality   2   2   0 
Waiting time 2 2 2 0 0 2 0,5 2 0,5 
Complexity 0 0,5 -1 0 0 -1 0 0,5 0 
Emergency vehicles 2   0    0,5   
Noise pollution 2 1 0 0 0 0 0 1 0 
Air pollution 1  1 0  1     

Operation cost 1 -0,5 0 

Maintenance cost  0 -1 -1 
Safety 1 0,5 0 

 

In the case of the IC-ratio, great benefits in capacity can be achieved for all three means of 

transport in design A, which explains the indicator 2 in these columns. The rise in capacity is 

based on the detangling of traffic, which means that different traffic means do not block each 

other’s capacities anymore. Also the installation of the roundabout raises the capacity 

especially for motorized traffic. In design B, the actual crossing situation for motorized vehicles 

and the tram does not face any changes, only the slow means are separated and therefore 

face an increase in capacity. Concerning design C, the tramway, which will be operated on 

dedicated infrastructure, comparable with design A, a great increase in capacity can be 
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achieved. Since the trams are the normative vehicles at the current junction, these will no 

longer block the other transport means, which may face some minor capacity rises as well.  

The functionality for bicycles in design A and B may be highly improved, since the slow means 

of transport are receiving their own dedicated infrastructure. Due to this, there are no 

situations where waiting bicycles block through going, flowing bicycle traffic anymore. The 

bicycle situation in design C is not changed compared to the current situation.  

Concerning the waiting time, extensive improvements can be achieved for all three means of 

transport with design A, which can be related to the improvements in capacity and the splitting 

up of means of transport. Design B may only bring advantages to bicyclists, since the other 

means do not face much change. The waiting time situation in design C might be improved for 

Trams especially, but also motorized and slow means of transport can face some  

The complexity of the structure describes the predictability, which means if traffic participants 

understand what the infrastructure wants them to do. The roundabout situation in design A is 

considered as predictable as a four way junction with traffic lights, which explains the indicator 

0 for all designs in the car column. The tram uses in both, design A and C, its own dedicated 

infrastructure. Tram drivers do not have to consider signalling or crossing traffic anymore 

which can be seen as a slight improvement. The bicycle situations in designs A and B are 

considered more complex than the existing traffic light situation, which explains the negative 

indicators for bicycles.  

The criterion Emergency vehicles is rated with two in design A, which can be related to the by 

far higher capacity and the better fluency of traffic in a roundabout situation. The slight 

improvement of capacity in design C, which is due to the omission of the tram, a normative 

vehicle at the intersection. An emergency vehicle might profit of better capacities in the 

crossing.  

The positive figures for both, noise and air pollution in the car column of design A can be 

referred to the better fluency of traffic in the roundabout, which means less stops and start 

procedures. A better fluency of traffic leads to less fuel consumption and thus less emissions 

to the air. Also the noise creation of cars traveling with low speeds is less than the noise 

development in accelerating situations. The tram over paths in design A and C can be equipped 

with sound barriers which also lead to less noise pollution at the site.  

Concerning the operation cost, design A offers the great advantage of the removal of the traffic 

light installation, which would need a lot of electricity and create cost. This advantage is partly 

taken away by the installation of the bicycles and pedestrian under path. This area requires 

light installations and cleaning procedures throughout its usage, which is necessary to prevent 

social unsafety. These cleaning procedures create operational costs as well, which lower the 

effect of the omission of the traffic lights. In design B the bicycle tunnel needs extra light 

installations which lead to a slight worsening of the operation cost.  

The maintenance cost situation in design B and C are worsening compared to the current 

situation, since the reparation extensive traffic light signals are still part of the design, but extra 

structures, light the bicycle bridge in B, are being introduced.  

The criterion safety is rated positively in design A, which refers on the one hand to the 

separation of transport means but also on the installation of the roundabout, since 

roundabout intersections show less conflict points than signalized junctions. Also the fluency 

of traffic rises while the actual travel speed decreases in roundabout intersections. The slight 
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improvement in design B can be referred to the separation of motorized from slow means of 

transport.  

The table below shows the ratings multiplied with the weight, giving the absolute total amount 

of points. Furthermore it shows, that design A is with 312,5 points, compared to 95 and 132,5 

points the most beneficial design for the intersection.  

The construction cost has not been a criteria during the research of the project, since the 

research task was the investigation of the most traffic beneficial roundabout solution and not 

the investigation on the cheapest or most cost beneficial intersection design.  

   Design A     Design B     Design C      

Criteria weight  

car 

tram
 

b
ike 

To
tal 

car 

tram
 

b
ike 

To
tal 

car 

tram
 

b
ike 

To
tal 

IC-ratio 20 2 2 2 120 0 0 2 40 1 2 0,5 70 
Functionality 5   2 10   2 30   0 0 
Waiting time 10 2 2 2 60 0 0 2 20 0,5 2 0,5 30 
Complexity 5 0 0,5 -1 -2,5 0 0 -1 -5 0 0,5 0 2,5 
Emergency vehicles 10 2 2 2 60    0 1 1 1 30 
Noise pollution 5 2 1 0 15 0 0 0 0 0 1 0 5 
Air pollution 10 1  1 20 0  1 10    0 
Operation cost 10 1 10 -0,5 -5 0 0 
Maintenance cost  5 0 0 -1 -5 -1 -5 
Safety 20 1 20 0,5 10 0 0 

Total 100       312,5    95    132,5 

  

4.4. Final design decision  

As mentioned in the previous chapter, design A was considered most traffic beneficial.  

Based on the criterion and the percentage of importance of each criterion; the multi-criteria 

analysis that we conducted and concluded that the design A has a higher number of points 

than the other two designs, so therefore the design A is the solution for the junction. The 

design A is significantly more beneficial and suitable for all modes of transport (motorized 

vehicles, trams and pedestrians). 

Because of the unexpected amount of bicycle traffic throughout the junction, the IC-ratio is 

extremely positive/an improvement if a bicycle roundabout is constructed. For the design A all 

three modes of transport can handle the intensity of traffic flowing through the intersection. 

The same cannot be said for the design C whereas only the tram is only a slight improvement 

in the IC-ratio; in addition to the design B is only really positive for bicycles. 

The waiting times for all three modes of transport are a significant improvement from its 

previous situation, while for the other two designs only one maybe two modes of transport 

are slightly improved. For emergency vehicles they essentially have less waiting time when 

travelling through a roundabout. 

Safety is one of the most important criterions for the analysis. For the municipality safety is 

important, for each design, the first design has a roundabout which increases the safety of that 

intersection. As for the design B it is only a slight improvement because the substantial 

intensity for bicycles and pedestrians are significantly safer with a roundabout, but not for the 

motor vehicles and tram. The design C the safety will not change much since only the tram is 

considered, as the tram currently is safe as it is. 
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Just to clarify the operation and maintenance costs were not calculated before we concluded 

the multi criteria analysis. This is because the research task was the investigation of the most 

traffic beneficial roundabout solution and not the investigation on the cheapest or most cost 

beneficial intersection design.  

5. The actual design  
5.1. Description of the new intersection design 

During the pre-design phase a number of possible designs were considered. With the use of 

MCA the best design was selected which fits the most with the current and future goals and 

development points of the municipality of Rotterdam.  These policies where pointed out on 

the website of the municipality of Rotterdam and so it is assumed to be of relevance; 

 Increase of public transport by 

 Increase of bicycle usage  

Different measures were introduced in the design in order for it to comply with the 

aforementioned policies. Construction, liveability and various other restrictions were also 

acknowledged. Some of which include; noise and air pollution levels, infrastructural gradient 

limitations for bicycles and trams, wheelchair accessibility and specific traffic flow constrains.  

The main focus on the new design was to decrease the current IC-ratio of 1,03.7 This is only 

possible by installing a rotor roundabout, so that it is more acceptable for the unimpaired 

traffic flow IC ratio of 0,79 would be achieved. In addition to the faster throughput of the 

junction, it would also be safer for both bicyclists and private car users. The new design is 

beneficial for emergency vehicles, because of the better flow in traffic. 

The rotor roundabout is evenly and heavily charged by traffic. It includes three lanes of every 

side of the roundabout. The right lane is for right going traffic, the middle lane is for right and 

straight going traffic and the left lane is for straight and left going traffic. 

Since the design involves a roundabout installation the number of collision points would 

decrease and therefore less accidents would occur. The design would involve a modal split 

with separate infrastructure for pedestrians and bicycles, trams and main motorised traffic. A 

tram over path is to be present connecting all 3 routes that pass through the intersection over 

the rotor roundabout for the main traffic. Along the tram over path, sound barriers are to be 

placed. These sound barriers have a height of 50 centimetres above the tram tracks; this would 

decrease the noise pollution produced by trams. 

Underneath, a shared space area with a large opening is intended for pedestrian and bicycle 

usage. A large gap in the central roundabout provides daylight in the basement. In the middle 

of this open space, a construction pole to support the tram flyover is situated. Although the 

current design does not involve a specific system for the traffic control on the usage of the 

space beneath the junction, another dedicated bicycle roundabout could be ideal for the safe 

and unhindered movement underground.    

In general people restrain from using underground facilities after dark because of fear of 

personal safety. This fact will be less true in this specific case since a major part of the 

                                                             

7 IC-ratio calculated by Rien Smalheer. 
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infrastructure for bicyclists is designed with open spaces in mind and plenty of artificial LED 

light at night, provoking a safer and welcoming feeling for users travelling at dark. 

On the south-eastern part of the junction, bicyclists and pedestrians would find themselves in 

an open area connecting the underground facility with the outside bicycle lanes from which 

you have a view over the river and Erasmusbrug. This area could be developed in numerous 

ways with the use of landscaping. With help of benches, trees and a playground.  

In addition to the large open area, a new connection between the Erasmusbrug and Boompjes 

will be established in the form of a moveable bridge or drawbridge over the channel for 

pedestrian and bicycle usage only. In this way part of the branches of the bicycle infrastructure 

will be entirely over ground (but still under the level of the main vehicular traffic).   

The first 25 metres the bicycle path has a steepness of 8 percent. Then there is a flat path 

which again is 25 metres long. After this the bicycle path has a steepness of 8 percent. 

5.2. Effects of the design on the environment  

Air Pollution 

For air pollution, there are different outputs of emissions and for different construction 

designs. 

Firstly, at a signalized intersection, based off an emissions study in Sweden, where they studied 

the emissions of cars at both a signalized intersection and a yield-regulated roundabout.  To 

measure the CO2 (carbon dioxide) and NOx (nitrous oxides) emissions before and after the 

roundabouts were installed. So they selected random automobiles with an instrument-

equipped vehicle that tried to mimic the targeted car’s driving route as closely as possible. 

Results of the study found that CO2 emissions decreased by 29%, NOx emissions decreased by 

21% at the roundabout which replaced a signalized intersection. While at the roundabouts 

replacing yield regulated junctions, CO2 emissions increased by 4%, NOx emissions by 6% at 

the roundabouts that replaced signalized junction. These results indicate that large reductions 

in emissions at one previous signalized intersection can compensate for the increase produced 

by several yield-regulated junctions rebuilt as roundabouts. 8 

The effects are favourable where a light-controlled crossing is replaced by a roundabout. When 

a roundabout replaces a crossing without light signals the effects on fuel consumption and 

harmful emissions are often unfavourable, since the roundabout disturbs previously 

uninterrupted travel. 9 

Computer simulation tried to estimate emissions before and after the conversions from 

signalized junction to roundabout. Traffic flow data was analysed using Signalized and Un-

signalized Intersection Design and Research Aid (SIDRA). SIDRA analyses an intersection and/or 

a roundabout, the width and the amount of lanes per direction. It generates the projected 

emission levels by automobiles for carbon monoxide, carbon dioxide and nitrous oxides in 

addition to the fuel consumption. 10 

Noise Pollution 

                                                             

8 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
9 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
10 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
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The pollution effects such as harmful exhaust emission and noise, are positive if a roundabout 

replaces a signalized intersection. When a roundabout replaces an un-signalized intersection, 

the result is slightly more exhaust emission, but less noise nuisance. The conversion of an 

intersection into a roundabout is cost-effective, as is changing priority for cyclists into no 

priority for anyone. 11 

RoTraNoMo also known as Road Traffic Noise Model, is one of the noise pollution indicators. 

The criteria used to evaluate noise emissions by separating the different sources of noise: 

 Vehicle speed 

 Vehicle acceleration  

 Vehicle category  

 Time of the day  

 Road surface type  

 Gearshift prescription  

 Location on road network  

 Driving resistance  

 Gear ratio  

 Power to mass ratio 

Harmonoise was a European Union funded project from 2001 to 2005. One of the reasons for 

this project was to predict road traffic noise levels. The objective is to reach a harmonized 

method for noise mapping. It is called NORD2000 because that project dealt with Nordic 

general air pollution respectively. 12 

Lwr (f) = aR (f) + bR (f)log {v/v ref} 

The sound power level of the rolling noise mentioned in the equation above is defined as 

where aR and bR are parameters depending on the vehicle category, ν is the vehicle speed and 

v ref is the reference speed (70 km/h). 80% of the rolling noise is assigned to a point source 

0.01 m above road level and the remaining 20% are assigned to a point source 0.3 m above 

road level for light vehicles or 0.75 m for heavy vehicles. f is the centre frequency of 1/3 octave 

bands from 25Hz to 10 kHz. The parameters aR and bR. Octave bands are the measurement 

for frequency. 

The sound power level of the propulsion noise is defined by the below equation: 

Lwp (f) = a (f) +bP (f) [v-v ref/v ref]  

The parameters aP and bP are given in 1/3 octave bands from 25Hz to 10 kHz. 20% of the 

propulsion noise is assigned to the 0.01m high point source and the remaining 80% are 

assigned to the 0.3 m or 0.75 m point source.  13 The correction for acceleration/deceleration 

is given as: 

ΔL acc =C⋅a; −2m⋅s ≤ a ≤ 2m⋅s-2                           

Acceleration (a>0)/deceleration (a<0) is m x s -2 and the coefficient C is 4.4 for light motor 

vehicles such as automobiles and 5.6 for heavier motor vehicles such as lorries. 14 

                                                             

11 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
12 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
13 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
14 PDF : Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute 
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5.3. Construction cost calculation 

The following chapter tries to give an overview of the construction cost of the several parts of 

the new intersection design, as well as the total amount of the installation of the design, that 

can be expected. The entire cost calculation is based on characteristic cost data, provided in 

the Kengetallenkompas GWW 2013, a catalogue which lists indicative cost data for all kind of 

infrastructural measures on the price level of the Netherlands.  

This catalogue describes the total construction cost with a low and a high price per square 

metre of construction. This cost includes all occurring direct and indirect costs such as material 

and execution cost. The actual price lies in most standard cases in this price range. The figures 

below are meant to give an indication of the expected construction cost and cannot be seen 

as exact construction cost. 

In order to be able to determine the indicative construction cost for the entire intersection 

design, it was necessary to split it up in part projects, to which the given cost data would apply. 

The design has been split up in the following five parts: the rotor roundabout, the tram over 

path, the bicycle and pedestrian space as tunnel below street level, the new bicycle-bridge and 

the new installed bicycle and pedestrian paths. The total expected construction cost consists 

of the cost of these five parts and the cost for traffic maintenance measure during the 

construction, which are necessary to allow traffic, or at least parts of the traffic, to flow during 

the construction processes.  

The total costs that are given below are exclusive VAT but include construction costs, real 

estate costs, engineering and additional costs. 

Cost of the installation of the rotor roundabout 

The radius of the outer circle of the rotor roundabout is 30 metres, which gives a total surface 

for the rotor roundabout of 2827 m².  

To determine the surface of the connection parts of the roundabout we consider how much 

space per side is needed. It was decided that 50 metres per side was sufficient for this 

calculation. These 50 metres result in a surface of 1250 m², which gives 5000m² for all four 

connections. So in total 7827 m² (2827 m²+5000 m²) is the space which is needed for the rotor 

roundabout and its connection parts.  

To determine the costs per m² we take the average of costs per m² for a turbo roundabout and 

a double lane roundabout. We determine the costs via this method since these data is not 

directly known for a rotor roundabout. The costs for a turbo roundabout with a radius of 30 

metres are at least 88,9 Euro per m² and 100,8 Euros per m² is the maximum cost price.  The 

costs for a double lane roundabout with a radius of 35 metres are at least 106,3 Euros per m² 

and 123,7 Euros per m² is the maximum cost price.15 

So at least 97,6 Euros per m² is needed for the construction of the rotor roundabout and 112,25 

Euros per square metre is the maximum cost price.  Therefore the minimum costs for the 

construction of the rotor roundabout are 763.915 Euros and the maximum construction costs 

are 878.580 Euros which results in an average of 821.248 Euros 

Cost of the installation of new bikeways 

                                                             

15Kengetallenkompas GWW 2013. 
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The width of the bikeways are 5,3 metres. The total length is 200 metres. In total the covered 

area is 1060 m². The minimum costs for bikeways are 89,9 Euros per m² and 108,6 Euros per 

m² at most.16 

The minimum costs for the construction of the bikeways are 95.294 Euros and the maximum 

construction costs are 115.116 Euros per square metre.  

Cost of the installation of the bicycle and pedestrian space below street level 

As already mentioned above, the total cost data is provided in cost per square metre of 

construction. This makes it necessary to know the exact amount of square metres for the 

bicycle and pedestrian space below the street. The design shows for this area, which is used 

by both bicyclists and pedestrians in a rather unregulated way, a large area, of which 2324 m² 

are situated below the street and thus covered by the structure. These 2324 square metres 

are the basis for the estimation of the cost for this tunnel structure situated five metres below 

street level.  

The catalogue provides the figures 3046 Euros per square metre on the lower end of the range 

and 3.866,3 Euros per square metre on the higher end of the construction cost range for 

lowered bicycle tunnels.17 Considering the area of a size of 2324 m² being covered by the 

structure, a total indicative installation cost between 7.078.904 Euros and 8.985.281 Euros 

occurs for this part of the new intersection design. The average of these two figures is 

approximately 8,03 million Euros.  

The new bicycle and pedestrian paths that need to be installed in order to connect the new 

underground intersection are treated in the chapter installation cost of new bikeways, below. 

Cost of the installation of the tram over path   

The tram over path contains of two main parts. The first part spans from the direction of the 

Erasmusbrug above the new Roundabout in the direction of Schiedamsedijk, is connected in 

the centre of this part and spans in the direction of Vasteland. The tracks of the tramway 

system are connected in a triangle shape, to give trams the possibility to get from each origin 

direction to each destination direction.  

The design shows a length of about 70 metres spanning from the Erasmusbrug to 

Schiedamsedijk and about 30 metres to Vasteland, the width of the over path is seven metres. 

This gives an area of 700 square metres of over path. Concerning the tracks being installed in 

a triangular shape, as explained above, it is necessary to include this triangular shape of the 

structure in the cost calculation. The catechus of the triangles have a length of about 20 

metres, which gives an area of 200 square metres each and thus a total amount of 1100 square 

metres of over path.  

The construction cost range for over path like this are described with 1.853 Euros to 2.377,8 

Euros per square metre, which leads to a total construction cost between 2.038.300 and 

2.615.580 Euros. The average of cost are approximately 2,33 million Euros.18 

Cost of the new bicycle bridge  

                                                             

16Kengetallenkompas GWW 2013. 
17Kengetallenkompas GWW 2013. 
18Kengetallenkompas GWW 2013. 
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The bicycle bridge consists of two parts: one part is the normal bridge and the other part can 

be elevated so that boats can go through. The length of the drawbridge will be 20 metres and 

the width will be 6 metres. In total this means that this bridge will cover 120 square metres. 

The costs for a drawbridge for slow means of traffic are at least 8469.2 Euros per m² and 9.797 

Euros per m² at the high range, so the total costs of the drawbridge will be at least 1.016.304 

Euros and 1.175. 640 Euros at most.  

The length of the normal bridge part will be 25 metres and the width will be 6 metres. In total 

this means that this bridge will cover 150 m². The costs for a wide bridge with a big span are 

at least 833.2 Euros per m² and 949.1 Euros per m² maximum.19 So the total costs of the normal 

bridge will be at least 124.980 Euros (150 m²*€833.2 per m²) and maximal 142.365 Euros (150 

m²*€949.1 per m²). 

The minimum costs for the construction of the bicycle bridge are therefore 1.141.284 Euros 

and the maximum construction costs are 1.318.005 Euros. 

Total construction cost  

As already described in the beginning of this chapter, the total construction cost for the new 

intersection design is the sum of the construction costs of the five project parts, the rotor 

roundabout, the tram over path, the bicycle and pedestrian space as tunnel below street level, 

the new bicycle-bridge and the new installed bicycle and pedestrian paths.  

To this amount, the cost for traffic maintenance measures need to be added. These measures 

are needed to guarantee a flow of traffic and the least possible congestion related to the 

construction works. For most infrastructure projects the cost connected to such traffic 

maintaining measures can roughly be described by 29 percent of the total construction cost.  

The table below summarizes the cost of each part and gives the total construction cost, the 

cost for traffic maintenance measures and the absolute total. The figures are shown based on 

the low, high and average indicative cost used in the calculations above.   

 

Part of design based on indication cost level 

Low High Average 

Rotor roundabout                  763.915                          878.581                              821.248    

Bicycle and pedestrian under path               7.078.904                       8.985.281                          8.032.093    

Tram over path               2.038.300                       2.615.580                          2.326.940    

Bicycle bridge               1.141.284                       1.318.005                          1.229.645    

New bikeway installations                    95.294                          115.116                              105.205    

construction cost total            11.117.697                     13.912.563                        12.515.130    

Cost for traffic maintenance 
measures (29% of absolute total)               4.541.031                       5.682.596                          5.111.814    

Absolute total             15.658.728                     19.595.159                        17.626.944    

 

Based on the calculations that have been described above, a total cost range between 

approximately 15,65 million Euros and approximately  19,59 million Euros, with an average of 

17,62 million have been estimated.  

Since these figures are stated on characteristic indication cost, the amount mentioned cannot 

be seen as final calculation of the actual construction cost. The time boundaries of this project 

                                                             

19Kengetallenkompas GWW 2013. 
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limited the possibilities of detailed cost calculation, which would need a detailed time planning 

of the entire construction process as basis. Also, factors that vary from site to site like the soil 

texture and groundwater level might lead to higher construction cost. Especially in Rotterdam, 

the proximity to the water may require special construction techniques that have not been 

considered in this calculation.  

6. Conclusion and Recommendation 
6.1. Conclusion  

The research that has been carried out during the project roundabout, showed considerable 

problems at the intersection site at the Erasmusbrug in Rotterdam. The current junction design 

cannot cope with the demand of person car travels, especially in the peak hours in the morning 

and afternoon. This can be relied on the calculated IC-ratio which shows the figure 1,03 for the 

current intersection. Another investigated problem is the waiting time, which can especially 

be observed when it comes to bicyclists using the intersection. Bicyclists have to wait several 

minutes to cross one leg of the four way car junction, a direct crossing of two legs is barely 

possible. The current priority situation cannot be considered optimal, since the express 

tramway lines to and from the Erasmusbrug, which are one priority stream, directly interfere 

with the car priority stream in the direction Boompjes to Vasteland. These interferences are 

not the main reason but also need to be considered when it comes to the accessibility of the 

Erasmus Medical Centre, which is situated at Vasteland and which is the destination for many 

ambulance and other emergency vehicles crossing the intersection at the Erasmusbrug. Next 

to the priority distributions between the means of transport is the bad fluency of motorized 

traffic in the overloaded intersection the reason for the necessity for police convoys which 

accompany many of the ambulances.  

The research goal of this project, the design of a roundabout situation that can cope with the 

traffic intensities occurring at the intersection, could be achieved with the use of a rotor 

roundabout and the provision of separate infrastructure for each occurring mean of transport. 

A rotor roundabout can handle very high motor vehicle intensities by occupying relatively little 

space and is therefore fitting in the site at the Erasmusbrug in Rotterdam. The rotor 

roundabout was the only roundabout design with a capacity high enough to cope with the 

traffic demand. The ideal capacity of the rotor roundabout does only occur when no other 

mean of transport, like a tramway line, is crossing the site on the same level as the motorized 

traffic. This is reason for which the tramway lines are designed with an over path and the 

provisions for bicyclist and pedestrians are design in an under path situation under the 

motorized traffic lanes. The split of tramways and cyclists is due to the high bicyclist intensities 

and high frequencies of tramways using this part of the network. An expected rise in the 

intensities in public and slow means of transport can therefore occur without any problems on 

the intersection.  

Due to the split of modes and the introduction of the rotor roundabout, the IC-ratio is expected 

to decrease to 0,79, which assures a very good fluency of traffic without any congestion 

situations in peak hours. This means that waiting times for motorized traffic can be massively 

reduced. A roundabout intersection consist of less conflict points between different traffic 

streams, which leads to a higher safety of the intersection. Also the split means of transport, 

especially the split of slow means of transport away from motorized vehicles may also raise 

the safety of the intersection. All means of transport use their dedicated infrastructure, which 
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makes priority situations unnecessary and the intersection easier to understand for traffic 

participants, who only need to take care of traffic means alike the one, they use themselves.  

The fact, that waiting times for bicyclists have been cut massively on one of the busiest bicycle 

intersections, makes cycling in Rotterdam more appealing. The infrastructure is designed in a 

way to be able to cope with future intensities of slow and public means of transport, which are 

expected to face large growth. 

Compared to the current signalized intersection, the roundabout solution will show a better 

fluency of traffic, which leads to less waiting time but also less acceleration procedures, since 

cars do not necessarily stop at the junction.  

Motorized vehicles consume most fuel in acceleration procedures and thus the most emissions 

occur during these procedures. With less stop situations and a better fluency of traffic, motor 

emissions can be reduced and higher the air quality at the site. This also counts for noise 

pollution. Accelerating cars that need to start from a full standing situation are louder than 

cars that roll with a constant, rather low, speed. The better fluency of traffic in general, will 

also affect the occurring emergency vehicles, which are mostly Erasmus Medical Centre bound. 

Since there is nearly no congestion to expect, police convoy procedures to guide ambulances 

may become unnecessary.  

The main task of this project was the research on possible designs for the intersection, 

especially concerning roundabout, but not the actual installation of these designs. Therefore, 

the actual effects occurring during the construction of the design have not been considered in 

this research. This is the main reason for which the construction cost were rather roughly 

estimated by using characteristic cost data for infrastructure construction. This estimation 

shows an amount of 12,5 million Euros as expected average construction cost and 5,1 million 

Euros as cost for traffic maintenance procedures during the construction, which leads to an 

absolute total cost figure of 17,6 million Euros in average.  

The construction cost has not been a criteria during the research of the project, since the task 

was the finding of the most traffic beneficial roundabout solution and not the investigation on 

the cheapest or most cost beneficial intersection design.  

The above concluded effects of the solution design show that the intersection design that has 

been carried out during the research of this project can be considered very traffic beneficial. 

With the installation of the rotor roundabout in the described manner, the traffic concerning 

problems on the intersection can be solved. The main task of this research project, the 

investigation of a roundabout solution that solves the traffic related problems on the 

intersection, has therefore successfully been performed. 

6.2. Recommendation 

The described intersection design is a suitable and beneficial way to introduce a roundabout 

on the site. For the described high benefits this design brings to all means of transport 

occurring at the junction, we recommend to further develop this design research. The traffic 

situation for bicycles in the future is unknown and thereby it is questionable if the capacity of 

the bicycle tunnel is high enough in the chosen design. Also the construction possibility of this 

design is only roughly estimated. For instance we do not know in how far the water level plays 

a role in the reconstruction works and to which cost this may lead. 



Project Roundabout                                                                            IB Traffic Management NHTV Breda  

20 
 

Literature bibliography 
 

 Fortuijn, Bertus: Turborotonde en Turboplein rapport, provided online by the academy 

SLM for this project.  

 Kengetallenkompas GWW 2013, IGG Bointon de Groot 2013.  

 Calculation Sheet „Capacity turbo roundabout“ by Bertus Fortuijn, provided online by the 

academy SLM for this project 

 PDF: Rotterdam Programme on Sustainability and Climate Change, 24.2.2014, available 

online: 

http://www.rotterdam.nl/DSV/Document/Rotterdam%20Sustainability%20Programme_

vs5_3_cover.pdf. 

 Eisenbahn-Bau- und Betriebsordnung (EBO), Bundesministerium der Justiz und für 

Verbraucherschutz der Bundesrepublik Deutschland. 

 PDF: Traffic Noise and Flow, A method study Report 180 – 2010, Danish Road Institute: 

http://www.vejdirektoratet.dk/DA/viden_og_data/publikationer/Lists/Publikationer/Att

achments/44/Traffic%20flow%20and%20noise%20-%20a%20method%20study%20-

%20report%20180.pdf 

 

 

 

 



Project Roundabout                                                                            IB Traffic Management NHTV Breda  

I 
 

Appendices 

AutoCAD Graphics of the new intersection design 

The entire intersection situation with bicyclist space, rotor roundabout and tram over path 

 

 

The bicyclist space, situated below the street level with the new connections to the existing 

cycling infrastructure 
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The rotor roundabout for motorized vehicles  

 

 

The tramlines on the over path 
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SketchUP Visualisation of the new intersection 

 

 

Overview of the roundabout from the Schiedamsedijk 

 

Overview of the roundabout from the Erasmusbrug.  

 

Overview from the side of the Vasteland 
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Overview from the new Boompjes bikeway.   

 

View from the bicycle under path to the Erasmusbrug.  
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Calculation sheet by Bertus Fortuijn  

 

This calculation sheet was provided by the Traffic academy for usage in this project.
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Traffic Data provided by the municipality of Rotterdam 
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Outcomes of the visual traffic counting in Rotterdam 

Cyclists data counted on January 23rd 2014 at the junction Erasmusbrug-Boompjes. 

 

 

 

Visual counting of the frequency of tramways 

 

Directions

4

1 3

2

Type

Direction 1 2 3 4 Total

hour

07:30 0 49 29 65 143

07:45 127 81 31 141 380

08:00 135 90 40 130 395

08:15 123 87 53 156 419

08:30 142 80 50 109 381

08:45 94 38 44 36 212

1st h 1337

2st h 1407

busiest hour 527 338 174 536 1575

Erasmusbrug

Bikes

Directions

Erasmusbrug

2

5

6

3

1 4

Type

Direction 1 2 3 4 5 6 Total

hour

07:30 4 3 1 2 1 2 13

07:45 2 4 2 3 3 1 15

08:00 5 4 1 1 2 2 15

08:15 5 4 1 1 1 2 14

08:30 5 4 2 1 3 2 17

08:45 2 4 1 2 2 2 13

1st h 57

2st h 59

busiest hour 61

Tramways


