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Executive summary
This thesis concerns the safety and traffic flow problem at the intersection of the Tuunterstraat 
and Europalaan in Winterswijk, where cyclists use a one-way cycle path as a two-way cycle 
path, which leads to dangerous situations and incidents. Veilig Verkeer Nederland and the 
Municipality of Winterswijk have developed one possible solution to these issues. This thesis 
aims to investigate the effects of these solutions. Therefore, the main research question is: 
“What are the effects of the solutions proposed by the VVN and the Municipality of Winterswijk 
for the intersection of the Europalaan and Tuunterstraat in Winterswijk, on traffic flows, safety, 
environmental and economic effects?” 

The method followed to answer this research question started with a data collection at the 
intersection, since a simulation program, Vissim, is used to assess the effects of the solutions. 
This data is then implemented into the simulation program, for each of the different designs, 
including the current situation. After this, the travel times, delays, and queue lengths are 
compared between the designs to assess the performance of the intersection on the traffic flow. 
To assess the safety, the number of conflict points is used, together with the angle, speed, and 
intensity at these conflict points. The environmental effects are assessed with a calculation of 
the fuel consumption and the economic effects are a relative cost-comparison. 



The results of this assessment are that there are trade-offs between the different solutions. The 
solution of the Municipality is better for the safety and traffic flow of cyclists, while the solution of 
VVN is better for the traffic flow of motorised traffic, and therefore also for fuel consumption. 
While still improving the traffic flow for cyclists. The difference in economic effects is negligible. 

The main limitation of this project was the availability of people during the data collection, which 
made it not possible to count all the relevant directions, which led to somewhat fewer queues in 
the final model than in reality. Other limitations are model-dependent, such as not being able to 
insert speed measurements at all the conflict points and the accumulation of cyclists who are 
cycling against the direction and those who are not. A recommendation is to look into the 
possibility of combining some elements from both solutions since both solutions have valuable 
elements, and the effects of this combined solution can be investigated further. 
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1. Introduction
People will cycle more and more. It has many advantages, it is good for mental health and 
well-being, as well as cognitive functions (Leyland et al., 2019). A study from the Netherlands 
Institute for Transport Policy Analysis indicates that Dutch inhabitants will cycle more in 2050 
because of climate change, which means that in total more cycle trips will be made compared to 
now (Fietsberaad CROW, 2020). Roads are not always designed to accommodate these high 
numbers of cyclists yet. This also became apparent in an investigation from CROW in 
Winterswijk (Siebenga & De Jong, 2005). In some places, cyclists have separated infrastructure, 
but in the city, there are numerous places where cyclists share the road with cars and other 
motorised vehicles. On distributor roads, this is highly undesirable in terms of safety. While on 
residential roads, it is safer for cyclists to share the same road with cars and other vehicles 
since the speed on residential roads in an urban area is most of the time lower (30 km/h) 
compared to distributor roads (50 km/h in the urban area)). 

This undesirable situation of cyclists opposing motorised traffic was also noticed by the 
Winterswijk Senior Citizens Council, which reported a dangerous situation in the city of 
Winterswijk to Veilig Verkeer Nederland. A separated two-way cycling path transforms into a 
cycle lane on both sides of the road. Since this cycle lane is connected to the road for motorised 
traffic, this results in cyclists sharing the same infrastructure with other vehicles. This is at the 
point of the intersection of the Tuunterstraat and Europalaan, which can be seen in Figure 1.1. 
Cyclists must cross the Europalaan north of the intersection. They must cross the Europalaan 
again some hundred metres after the intersection to cycle to the action. However, this is not the 
route followed by most cyclists. The route that the cyclists follow to the Handelscentrum is also 
indicated in Figure 1.1, where the only two-way cycle path in the area is indicated with a black 
box. The yellow lines indicate other existing one-way cycle paths along the Tuunterstraat.

Figure 1.1: Intersection Europalaan and Tuunterstraat situation one-way cycle path used as 
two-way cycle path (Google Maps, 2024)

In Figure 1.1 it can be seen that instead of crossing the Europalaan twice to go to the 
Action/Handelscentrum, the cyclists use the one-way cycle path as a two-way cycle path, to not 
cross the busy road twice. Another problem and the cause of the safety problem is that the 
intersection is very busy during the rush hours (from 16:00 till 18:00 mainly), congestion occurs 
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especially when motorised vehicles are turning left from the Europalaan and the Tuunterstraat, 
since when turning left, there is a lot of opposing traffic, both cars and cyclists from both sides. 
This leads to vehicles queuing to the entrance of the Handelscentrum on one side and to the 
entrance of the Jumbo (and further) on the other side of the Europalaan. At the Tuunterstraat 
the traffic is queuing till behind the start of the bend in the road, such the end is not visible 
anymore when driving from the east of the Europalaan. There also have been 9 incidents at this 
intersection, from which 2 with injuries, in 5 years (VIA statistiek ongevallen, n.d). This is quite a 
high number for the Municipality of Winterswijk, as can be seen at VIA statistiek ongevallen, n.d. 
The accidents in the past 5 years did happen on Tuesday, Wednesday, Thursday, and Sunday, 
whereas the time of the day differed from morning, afternoon, and evening. The type of incident 
was 1 time (moped)bicycle-car, this accident did happen with an angle of 90 degrees (flank). 
Also, one incident did happen between a cyclist and a (moped)bicycle. This accident was frontal 
on the cycle path and could have been caused by using the one-way cycle path as a two-way 
cycle path since it did happen around that cycle path. This accident heavily injured the cyclist. 
Between 2014 and 2019 also 13 accidents did happen. In 2014 a cyclist was heavily injured by 
a flank accident with a car. These incidents display the safety problem that exists between 
motorised vehicles and cyclists.

The first proposed solution by VVN is to create a new crossing for cyclists of the Tuunterstraat 
to an existing parking place that is connected to the Handelscentrum. To realise this, on the 
north side of the Tuunterstraat, a two-way cycle path needs to be constructed, that starts before 
the intersection and is running till it crosses the Tuunterstraat to the car park at the 
Handelscentrum. In addition, the crossing itself has to be constructed. In this way, the cyclists 
only must cross the Tuunterstraat once, which is typically less busy in terms of traffic compared 
to the Europalaan. In Figure 1.2 the route that can be cycled as a solution is shown.

Figure 1.2: Intersection Europalaan and Tuunterstraat proposed solution VVN (Google Maps, 
2024)

Another proposed solution is to construct a roundabout with separate cycle paths all around. 
However, this solution is indicated by the Municipality as not desirable/possible since the 
solution is too expensive and is therefore not considered further in this project. 

A possible solution that is considered as part of this thesis research is the proposed solution of 
the Municipality itself. It is a bit similar to the first proposed solution of VVN with the new 
entrance to the Handelscentrum. However, the idea of the Municipality is to extend the two-way 
cycle path further along the Europalaan and to close off the entrance to the Handelscentrum at 

2



the Europalaan. Furthermore, the cycle lane along the entrance and departure of the Jumbo is 
removed completely. This situation is sketched in Figure 1.3. The construction of the two-way 
cycling path along the Europalaan can be combined with the removal and construction of new 
apartments in the south of the Europalaan since this part is then already under construction. 
The construction of new apartment buildings is a project from the Woonplaats, a housing 
corporation. This project is also one of the causes for this project since it is a good coupling 
opportunity, to reduce costs and disturbance during the construction.

Figure 1.3: Proposed solution Municipality (Google Maps, 2024)

However, the effects of these proposed solutions on the traffic situation are not known. The 
effects of the solutions can be analysed with the help of simulation. The use of models has a lot 
of advantages, such as that it provides a risk-free environment, saves money and time, can be 
used for visualisation, can give an insight into difficult dynamics, can increase accuracy, and can 
handle uncertainty (Anylogic, n.d.). In particular in this situation, where it would be expensive for 
the Municipality of Winterswijk to construct the intervention to test what the effects are. A 
simulation model is a good solution since multiple solutions can be tried without consequences, 
and it is less resource-intensive compared to a real-world implementation. The effects on the 
traffic flows can be analysed for example with VISSIM, which is a program to simulate traffic 
flows.

In this report, the safety and capacity problem will be further broken down in Chapter 2. Where 
also a clear problem will be stated, as introduced here already, while also the objective of the 
research will be made clear. In Chapter 3 the research question(s) will be formulated. After that 
the methods that will be used to investigate these research questions will be described in 
Chapter 4. When these methods are clear, the data collection that is performed is analysed. In 
Chapter 6 the model of the current situation will be explained, and the results are shown. Then 
the models of the proposed solutions are shown, and the results are compared with the current 
situation. In Chapter 8 the safety of the current situation and the proposed solutions is analysed. 
In Chapter 9 the trade-offs from the different solutions are discussed and finally, in Chapter 10 
the research questions are answered.
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2. Project definition
In this chapter, the problem will be investigated further. First, it is important to know what the 
interests of the stakeholders are. These interests are needed to assess the effects of the 
solutions on these interests. Then the cycle paths in and around the study area are investigated, 
after which the traffic flow will be analysed with the help of available data. Also, a site visit is 
done to better understand the traffic flows at the intersection. After this, requirements will be set 
to be able to assess the effects of the proposed solutions. These effects need to be assessed 
with some indicators. Which indicators are the best for assessing these effects are investigated 
in a literature review, as well as the influential traffic flows and final discussion of trade-offs. 
Following this, the research objective and problem statement are set.

2.1 Context
First, the stakeholders in the problem are identified, the study area is also described in more 
detail and previous simulation studies are investigated.

2.1.1 Stakeholders
Many stakeholders are involved in this safety (9 incidents in 5 years) and capacity (congestion 
during rush hours) problem. It is important to have the stakeholders identified, as well as their 
interests, to come to the right recommendations in the end, since it could be the case that there 
are conflicting interests.

The Municipality of Winterswijk, since this is the client, identified the problem and communicated 
it to the VVN. The Municipality of Winterswijk also has a lot of different interests. The most 
significant interest in this problem is ensuring that the intersection becomes safer. Safety is one 
of the main tasks of municipalities (VNG, n.d.) Another interest from the Municipality is the 
accessibility of the area, since this has also a link with safety, therefore congestion should not 
be increased dramatically by the implementation of a solution, or the congestion needs to 
decrease. Furthermore, the reduction of congestion and improving the safety of the intersection 
are important for the satisfaction of inhabitants. Making the inhabitants satisfied is also a core 
task of the Municipality, as well as the satisfaction of the businesses in the area, which is 
important for the economic vitality of the Municipality. 

VVN is also partially a stakeholder in this problem since their goal is to contribute to improving 
traffic safety, therefore this project is a chance for them to contribute to the traffic safety at this 
intersection. A study to clarify the results of their proposed solutions can be a strong argument 
for the Municipality to implement them, which helps to reach the goal of VVN. 

Stakeholders with high interest are the users of the road and cycle path. They are the residents 
in the area, but also the visitors of the many points of interest in the area, such as shop owners, 
restaurants, and other companies and commuters. These users have a high interest since they 
will be affected by the implementation of safety measures. Safety is important to them, however, 
accessibility is also important, since users of the road may not agree with the solution if this 
leads to longer travel times and objections from stakeholders can occur that try to withhold the 
implementation of a solution. In total their interest will be a safer intersection, but also an 
intersection that does not have a lot of congestion.
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The last group of important stakeholders are a lot of stakeholders that are situated in the area, 
from shop owners (Welkoop, Gamma, Jumbo, Action, Aldi) to restaurants (McDonalds), a 
school (Pronova) and other companies such as childcare. Their interests differ from mainly 
safety to mainly accessibility. For example, the childcare and Pronova interest is mainly safety, 
such that children can travel safely to school, while the Jumbo interest is mainly the accessibility 
of their shop for customers as well as suppliers (with big trucks). So, less congestion at the 
entrance and exit of their parking places is the biggest interest of the shops. There is no public 
transport going through this area. There are also some pedestrians in this area, however, way 
less than cyclists.

2.1.2 Study area
In Figure 2.1 an overview can be seen of the cycle paths in the area, where the red lines are 
cycle paths separated from the road, while the orange lines are cycle lanes connected to the 
road. In addition, some businesses in the area are highlighted.  

Figure 2.1: Cycle paths and businesses in and around the study area (OpenStreetMap, n.d.)

In the area, besides most of the 50 km/h roads (grey and white), there is a separate cycle path, 
this is however not the case at the Europalaan between the roundabout in the south and the 
intersection with the Tuunterstraat. As said before, this means that the cyclists must cross the 
road two times to go to the Handelscentrum (and the shops located there). It can also be seen 
that the cycling infrastructure is neither homogeneous over the whole area nor very 
well-connected. Cycling paths in and around the study area consist of cycle paths separated 
from infrastructure for motorised vehicles. One-way cycle paths on both sides of the road are 
separated from the infrastructure for motorised vehicles, cycle paths that are two-way on one 
side of the road, and cycling lanes connected to the road on both sides. Furthermore, on the 
light blue roads in Figure 2.1, there is no cycling path or lane at all, the cyclists share the 
complete road with the other traffic. This all means that the cycling infrastructure is very 
disconnected from each other and consists of a lot of different forms of cycling infrastructure 
(two-way, one-way, separated or not). This all results in cyclists using one-way cycle paths as 
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two-way cycle paths, just because the alternative (cycle path on the other side of the road) is 
slower, or they need to cross a busy road just to end up at the same place at the end of the 
cycle path, which is most of the time a road without cycle paths or lanes at all.

Road characteristics
On both the Europalaan and the Tuunterstraat the maximum speed is 50 km/h, while the V85 
(85% of the cars go slower than this and 15% faster) is on both roads 52 km/h and the average 
speed is 44 km/h, as measured by Basec in 2019. Furthermore, the volume and vehicle 
composition on both roads were measured.  The results of these measurements, together with 
the intensities on both roads, are added in Appendix A. As can be seen, the Europalaan is most 
of the time a lot busier (5 times or more) than the Tuunterstraat. One remarkable thing is that on 
both roads the evening rush hour (16-18h) is almost twice as busy as the morning rush hour 
(7-9h). On both roads, the vehicle composition is mainly light vehicle traffic

Another characteristic of the intersection is that the traffic on the Europalaan has priority over 
the traffic from the Tuunterstraat. The cyclists and pedestrians have priority over the other traffic 
when crossing the Tuunterstraat at the intersection with the Europalaan. While this is not the 
case when crossing the Europalaan, then the traffic on the Europalaan has priority over the 
cyclists and pedestrians. This is also the reason cyclists instead of crossing the Europalaan 
twice to go to the Action/Handelscentrum, the cyclists use the one-way cycle path as a two-way 
cycle path. This is to not cross the busy road twice, where they also do not have priority, while 
they do have priority when using the one-way cycle path crossing the Tuunterstraat. 

From personal experience and in talks with the traffic engineer of the Municipality, the traffic at 
the intersection seems to be very diverse. In the evening peak, the traffic consists of commuters 
coming from the N319 back from work. Visitors of shops in the area, which are located on all 
sides of the intersection, visitors of shops in the inner city, visitors of the neighbourhoods in the 
area, children that are done at their high school at 16:15 or people that have an evening shift at 
work and are going out of the city. 

Site visit
During the site visit it became clear that the pattern that was seen in the available data was also 
the case during the site visit. It became clear that this is also the case for cyclists, during the 
evening peak there were also around twice as many cyclists. In the evening peak, a lot more 
cyclists were using the one-way cycle lane as a two-way cycle lane, possibly because crossing 
the road would take more time since there was more opposing traffic. The Action and other 
shops also open from 8:30, so when the morning peak is already running towards the end. 
Furthermore, the secondary school that is nearby opens at 9:00 and closes at 16:15, already in 
the evening peak, therefore also children from school can be seen in the evening peak. 

2.1.3 Requirements 
To indicate what the stakeholders want as a result of the solutions a program of requirements is 
set up, to know on what the solutions should be assessed. The requirements are:

- Visitors of the shops/restaurants and commuters want to be able to cycle safe(r) to their 
destinations

- Shop/restaurant owners want to be well accessible, so travel times may not increase 
largely

- Pronova, a secondary school, wants its scholars to be able to come to school safely
- Municipality has a limited budget, solution may not be too expensive
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- The Municipality wants to be sustainable, so the impact on the environment should be as 
low as possible or should have a positive impact

As can be seen, safety, traffic flow, economic and environmental factors are important. At the 
same time, not always these requirements go along well with each other since it could be the 
case that one solution makes the situation safer (and maybe faster as well) for cyclists. At the 
same time, it affects the traffic flow of motorised traffic negatively. These indicators will be 
further investigated in the literature study, to know what indicators can be used to assess the 
effects of the solutions.

2.2 Literature study 
In the literature, the focus will be on the assessment of the simulation model, which indicators 
are used in other studies to assess traffic performance measures of effectiveness (MOEs), both 
for traffic flow and safety? And which traffic flows are compared with each other at which time of 
the day? Only during peak hours or also during the whole day? Finally, the results incorporated 
by these factors must be compared with the current situation and the proposed solutions, to 
discuss trade-offs.

2.2.1 Indicators performance intersection
There are many indicators possible to assess the performance of an intersection. In a paper by 
Otković et al. (2021), these indicators are split into different categories: Functional, safety, 
economic, environmental, and spatial-urban criteria. In this Thesis, some indicators in the 
category functional, indicated in the paper, will be used to assess the throughput. Also, the 
safety, economic, and environmental effects will be considered in the final evaluation of the 
performance of the models.

Traffic flow indicators
As said before, many traffic flow indicators exist. According to an article from the US 
Department of Transportation (2021), travel time, queue length and vehicle delay are the main 
MOEs to assess traffic flow. These indicators are also used in the paper of Alemdar et al. (2021) 
and queue length and vehicle delay are also part of the functional criteria 1 in the paper of 
Otković et al. (2021). According to the US Department of Transportation (2021), travel time is 
used to assess the traveller's benefits, this can be assessed when travel times for different 
solutions are compared. Queue length is, according to Otković et al. (2021), “the longest line 
that appears within the traffic simulation”. And is according to Alemdar et al. (2021), “one of the 
indicators that best shows the operation quality and condition of the intersection/corridor.” 
Furthermore, the queue length is important for the Jumbo for example, since their entrance can 
be blocked if there is a long queue. Vehicle delay is “one of the most important performance 
indicators used in the evaluation of intersection/corridor design.”, according to Alemdar et al. 
(2021). Vehicle delay is important for almost all stakeholders since almost all stakeholders are 
interested in the accessibility of the area. 

These factors together make it possible to assess the performance of the intersection in terms 
of traffic flow, since travel time is used to assess travellers’ benefits. This is the travel time from 
where cars enter the model to their destination, while these measure points must start before 
the queues will start. The queue length can indicate possible operation problems of the 
intersection and vehicle delay is an important indicator of the overall performance of the 
intersection in terms of traffic flow. The indicators will be assessed for all directions and 
compared between the models for the same directions, however, cars and trucks will be 
analysed together since there are not many trucks at all at the intersection. Cyclists will be 
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analysed separately. It could be the case that one solution is very beneficial for one direction or 
transport mode, while the other direction is congested completely. Since there is a very limited 
amount of pedestrians observed, these pedestrians are not taken into account.

Safety indicators
According to Mullakkal-Babu et al. (2017), safety assessment of intersections is always a 
challenging issue. This is especially the case in a simulation model since no accidents are 
simulated within the model. However, there do exist some indicators for safety within simulation 
models. 

Some safety indicators are stated in the criteria of the paper by Otković et al. (2021), where the 
first criterion is speed since this is directly correlated with safety and with that mainly the severity 
of accidents, according to this paper “The increase in speed from 30 km/h to 50 km/h increases 
the likelihood of fatal and severe outcomes for pedestrians from the range of 5–22% to the 
range of 45–85%”. It is assumed that this trend is the same for cyclists. That speed, a good 
indicator is, is described by an article from the US Department of Transportation (2022), which 
states that higher speeds lead to a decrease in safety, which is also stated by the Dutch institute 
SWOV (2023). The SWOV (2023a) states that indicators such as the number of potential 
conflict points, as described by both Otković et al. (2021) and SWOV (2023b) are good 
indicators for safety. The SWOV (2023b) also indicates that the impact angle is an important 
indicator of safety; there are three conflict groups important in this study, which are lateral 
conflicts (90°), rear-end conflicts (0°) and frontal conflicts (180°), also the amount of opposed 
traffic is stated as an indicator for safety.

Therefore, three indicators will be used to assess safety, the speed at the intersection, the 
number of potential conflict points, and the impact angle of these conflict points. The speed is 
the only factor that is integrated within the Vissim simulation. The speed of cars is the most 
important factor, since the difference from 50 km/h to 30 km/h leads to 3.5 times fewer deaths 
for cyclists, but since it is all about the speed difference, also the speed of the cyclists matters a 
bit. The speed of cars is the most important at the conflict points with the cyclists, thus where 
the flow of cars and cyclists interfere at the crossings. This can be measured within Vissim with 
the use of data collection points at these conflict points. The number of these potential conflict 
points between cars and cyclists and the impact angle attached need to be indicated manually. 
So, when the term safety is coming up, these three factors combined are meant. These safety 
indicators are the most important for cyclists (and the Municipality and Pronova) since cyclists 
are more vulnerable to heavier injuries from accidents than car drivers from hitting a cyclist.

Economic and environmental indicators
Fuel consumption covers both economic and environmental factors, since fuel consumption 
creates emissions, which affect the climate, furthermore, fuel consumption costs more money 
for the drivers and has thus economic effects. Vehicle delay can be used to estimate fuel 
consumption. In a study from Sekhar et al. (2013) the fuel consumption from different vehicles is 
estimated for the idle time of a vehicle. This is also a factor that can be output from Vissim which 
is the time a vehicle is not moving. When the average idle time from traffic is multiplied by the 
fuel consumption per hour, after which this is multiplied by the number of vehicles, the total fuel 
consumption due to congestion can be estimated.  Another important economic indicator is the 
potential construction cost, this will not be investigated in detail, but a rough estimation will be 
made, since it is an important factor for the decision-makers, at least in the short term. These 
factors are the most important for the Municipality itself since it wants to reach its sustainability 
goals and the construction costs are very important for the budget. Fuel consumption itself as 
an economic factor is mostly important to the users of the cars itself.
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2.2.2 Important traffic flows
In this section the traffic flows for which these indicators need to be measured will be indicated, 
as well as during which time of the day. In various papers, it became clear that all the traffic 
flows were considered in the final comparison between the intersections. Also, these traffic flows 
were measured during the rush hours, since then the capacity of the intersection will be 
measured, rather than the demand. The effects (such as delay or other indicators that are 
indicated before) of a high demand relative to the capacity is the most important factor since this 
reviews whether an intersection is still functioning well during congestion-sensitive times. In the 
site visit, as discussed earlier, the morning rush hour is a lot less busy than the evening peak, 
both in motorised traffic and cyclists. Therefore, for the simulation and the assessment of the 
performance of the solutions, only the evening rush hour is considered.

2.2.3 Evaluation of results
In the end, there will be a lot of results following the simulations. These results from the different 
solutions need to be compared. The traffic flow indicators are delay (mean delay in seconds), 
travel time (mean travel time in seconds), and queue length (mean queue length in metres) will 
be compared per direction per mode of transport (cars+trucks and cyclists separately). This is 
because in this case, the distribution of delays does matter a lot for the different stakeholders. 
For safety, the overall results (total speed differences, conflict points, and conflict angles) can be 
compared, since for safety, the direction does matter less, since every accident is one accident 
too many, no matter to whom or where on the intersection it happens. The same accounts for 
the costs and the fuel consumption, only the total matters here. These trade-offs can be 
compared per factor and in the end, a summary can be given per solution.

2.3 Research objective
The objective of this research is to improve the safety and traffic flow at the intersection of the 
Europalaan and Tuunterstraat and to assess the effects of the proposed solutions concerning 
the traffic flows at the intersection of the Europalaan and Tuunterstraat in Winterswijk, as well as 
the environmental/economic factors.

2.4 Problem statement and research question
The intersection of the Europalaan and Tuunterstraat is not very safe for cyclists since 9 
incidents happened during the past 5 years, also there is much delay at the intersection during 
rush hour. The VVN proposed two possible solutions, but there is a lack of knowledge on the 
effects of the proposed solutions by the VVN on the traffic flows, safety, environmental, and 
economic factors. 

Since the context of the project is known and the research objective is known, the main 
research question can be formulated. This is the question that must be answered to complete 
the research objective. The main research question is:

What are the effects of the solutions proposed by the VVN and the Municipality of 
Winterswijk for the intersection of the Europalaan and Tuunterstraat in Winterswijk, on 
traffic flows, safety, environmental and economic effects?

This is the main question since in the end the most important objective is to find the best 
solution for the intersection, based on all those factors. 
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3. Research methods
The methodology will consist of three main parts. The first part will be an analysis of the 
available data and making this data ready to implement in the simulation model Vissim. The 
second step will be to construct these models with the different proposed solutions, with the 
data that was made implementable before. The last part will be an evaluation of the model and 
the results, such as a verification and validation of the model and an analysis of the results to 
compare the effects of the different solutions. An overview of the methodology can be seen in 
Figure 3.1.

Figure 4.1: Overview of the methodology used in the Bachelor Thesis

3.1 Data analysis/collection and preparation
As can be seen in Figure 3.1, the first two steps are about data analysis and preparation of the 
data. In Chapter 2 the data that is available is already analysed a bit and therefore the main 
traffic flows are already indicated, however, this is not enough data to run a simulation model, 
since the traffic flows of right or left-turning traffic are unknown. Therefore, to run a 
microsimulation from this intersection, more data is needed. This data should be gathered for 
both light traffic and heavy traffic as well as for cyclists since there is no data at all about cyclists 
at this intersection.

The data preparation will consist of calculating the average per direction over the days that are 
counted, while also the total number of vehicles at a direction must be calculated, as well as the 
vehicle composition per direction (light vehicles ratio to heavy vehicles), these are the inputs for 
Vissim once the models are constructed.

3.2 Model construction
After the preparation of the data that is implemented in the model, the model itself is 
constructed. There are three scenarios made, the current infrastructure situation, the proposed 
solution by VVN, and the proposed solution by the Municipality of Winterswijk. The model is 
constructed with the background of the current situation (a picture from Google Maps). In the 
model, only the directions indicated in the traffic count are considered. Therefore, the traffic 
coming and going to the Jumbo is not simulated, due to limitations during the data collection.

The reason the current situation is modelled before and then validation and verification is done, 
instead of first constructing the models for the proposed solutions, is to check if the constructed 
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model behaves well. If some things must be changed, this is done already, instead of changing 
this error/problem for all three models in the end, then the other models are constructed without 
that mistake from the start. 

The verification of the model is done in two ways, the first check is the comparison of the input 
data with the output data, this is done by comparing the number of vehicles that were the input 
with the number of vehicles generated by Vissim. The second form of verification is face validity, 
a comparison of the behaviour and traffic flows of the model with the behaviour and traffic flows 
seen during the traffic count. 

The validation is done with two checks. The first check is done with measurements from two 
other days. The data from these days is implemented in the same way as the other data. The 
averages of delays are compared between the models per direction for cars and cyclists in 
percentages. In this way, it could be seen if the model also behaves the same on other days. 
The last check is the running of extreme condition tests, such as giving all traffic a very low 
desired speed or changing the mode split to only heavy traffic. In this way, it was tested if the 
model works the way it is expected since it is expected that there will be a lot of congestion if 
every vehicle can only drive 5 km/h.

3.3 Results analysis
After the construction of the models, the results of these models are gathered. Since the 
indicators that are measured are delays and travel times among others, the simulation models 
are run 10 times, due to the stochastic effect of Vissim (Fries et al., 2017). 

The results of the current infrastructure situation are given before a comparison is made. So 
firstly, the models are evaluated separately, per category. As said before, for the travel time and 
the delay, this is done per direction, with cyclists and motorised traffic separately. These results 
are shown in total seconds, while queue length is in metres. As said before, the safety, 
environmental, and economic factors are not assessed separately per direction or else, but 
these factors are shown as a total per model. For example, the total number of conflicts 
between cyclists and other traffic, or the total fuel consumption.

After this the models are compared, this will also be done per category, however rather than 
using the units per indicator, such as seconds, metres queue, or litres fuel consumption, this is 
done with percentages after the value in the assigned units, such that it is easily to see which 
solution performs better on which factor/category.

11



4. Data collection
This data collection chapter explains the data collection strategy and the results. Furthermore, it 
points out the limitations of the data collection and describes the input data for the model and 
the assumptions made. 

4.1 Data collection strategy
In the data collection, the goal was to gather 
data as input for the model and to know the 
traffic flows at the intersection. For this data 
collection, there are only two persons available 
(myself and another student at the 
municipality), this led to the limitation that not 
all possible directions around this intersection 
can be counted. Therefore, it was decided that 
the entrance and exit of the Jumbo are not 
counted. The directions for motorised vehicles 
that will be counted are indicated in Figure 4.1. 
The directions A, B, and C are counted directly, 
while traffic coming from and going to D are 
recorded by a camera and watched afterwards, 
since it would be too much for one person to 
count all the directions. These directions are both origins as destinations. The camera is also 
mainly used for counting cyclists, since otherwise, the person who counts the cyclists must 
watch the cyclists for a very long time if they go to the Handelscentrum (D), during that time 
some other cyclists that have a short route could be missed. The cycle directions are a lot more 
complicated than the directions for cars since cyclists tend to use one-way cycle paths as 
two-way cycle paths, therefore different figures are made with all the possible routes for cyclists 
from each direction. For the numbering of these routes, the standardized numbering in The 
Netherlands is used, to have a clear method behind the data collection (Wegenwiki, 2021). The 
routes that are prohibited are shown with red letters in the tables in Appendix B. The cyclists 
also have more directions due to the additional E direction that is not accessible by cars. 
Another assumption that is done is that traffic from the Europalaan (West) to the 
Handelscentrum is not coming from the Tuunterstraat, this assumption is made since it was not 
able to follow vehicles from the Tuunterstraat to the Handelscentrum, since then other vehicles 
would be missed, therefore it is assumed that these vehicles are coming from the Europalaan, 
also because the intensity on the Europalaan is a lot higher. 

The total amount of traffic flows for motorised traffic that need to be counted is indicated in Table 
B1 in Appendix B.

As already mentioned, there are a lot more possible routes for cyclists, these routes are 
indicated with two different tables, Table B2 was filled in directly during the data collection at the 
intersection, which can be seen in Appendix B, while the other table is filled in afterwards with 
the help of the video, which can be seen in Table B3 in Appendix B. If a cyclist comes from the 
Handelscentrum and goes to the Europalaan (West) then the cyclist is counted during the count 
at route no. 8, but this is removed afterwards when watching the video. The routes are 
visualised in Appendix B too.
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This traffic count will be done during the evening rush hour (16:00-18:00), since this was 
observed as the busiest part of the day, both for motorised traffic and cyclists. This will be done 
for 5 days since three days can then be used for the calibration of the model, while the 2 other 
days can be used for the validation of the model.

4.2 Data collection results
Starting with the results of the data collection for motorised traffic. In the data collection of 
Basec, it was seen that the afternoon traffic volume peaked from 16:00 to 17:00 and decreased 
after that. In Figures 4.2 and 4.3 the average volume over days 1, 2 and 3 of motorised vehicles 
and cyclists is calculated for each 10 minutes from 16:00 and 18:00, the same is done for days 
4 and 5. These values are points, but the points are drawn into a line to be able to make a better 
comparison. It can be seen that the traffic volume of motorised vehicles also peaked from 16:00 
till 17:00 and decreased after 17:00, the same as in the data collection of Basec. The peak 
during days 4 and 5 was a bit higher and later on the day than during days 1, 2 and 3. For 
cyclists, no data is available, but in Figure 4.3 it can be seen that the number of cyclists does 
not have such a clear peak volume as the motorised traffic. The number of cyclists itself is also 
a lot less than the number of cars. Furthermore, it can be seen that there were around 1.5 times 
more cyclists on days 4 and 5. Which is mainly due to the weather circumstances. During days 
4 and 5 it was sunny, while during day 1 it was raining a bit, which could lead to fewer cyclists.

Figures 4.2 and 4.3: Total number of motorised vehicles and cyclists at the intersection

Another important aspect of the data collection is the origin and destination of the traffic and 
therefore the route choice. The traffic flow at the intersection for motorised vehicles is shown in 
Figure 4.3, where the thickness of the lines displays the traffic volume, in Figure 4.4 the same is 
done for the traffic flows of cyclists. The thickness of the lines represents the relative volumes of 
motorised vehicles and cyclists and therefore the thickness of the lines for motorised traffic can 
not be compared with the thickness of the lines for cyclists, since then the lines for cyclists 
would not be very well visible. In Figure 4.3 it can be seen that most of the motorised traffic 
originates from the Europalaan (East) and the destination of most of the traffic is 
Europalaan(West), so by far most of the traffic is travelling from one side of the Europalaan to 
the other. Furthermore, more traffic is driving on the Tuunterstraat than on the Handelscentrum, 
but it is far less than on the Europalaan. A more detailed insight into the origin, destination, and 
route choice of motorised traffic is given in Appendix C. Also a more detailed route choice is 
given in Appendix C per direction per 10 minutes, instead of only 2-hour averages. In Figure 4.4 
it can be seen that there is a significant amount of cyclists that are cycling against the direction, 
represented with the red lines, instead of the legal yellow routes. Furthermore, most of the 
cyclists are seen at the Europalaan(West) and Jumbo, but also cyclists from the 
Europalaan(East) and cyclists to the Tuunterstraat make up a large share of the total volume of 
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cyclists. Because the number of cyclists at the intersection does not follow a clear pattern over 
time and the amount is far less compared to the number of cars, no route choices are provided 
per 10 minutes, also because there are a lot of routes, showing averages per 10 minutes would 
not give a readable graph. 

Figures 4.3 and 4.4: Traffic flow volumes of motorised vehicles and cyclists at the intersection 
during the afternoon peak

Instead of route choices from cyclists from all directions per 10 minutes, route choices from the 
sum of 2 hours are presented to give a more detailed (quantitative) insight into the traffic flows 
from cyclists. An example of such a graph can be seen in Figure 4.5, where besides the graph a 
picture is shown with the numbers of the routes corresponding to the route numbers in the 
graph. Route choices from all directions are shown in Appendix D, as well as the origin and 
destinations of cyclists. In Figure 4.5 the routes are represented, where the decimal fraction is 
the share of that route of the total volume of cyclists from the origin that is stated in the title (in 
this case the Europaal (West)). It can be seen that most of the cyclists that are coming from the 
Europalaan(West) are heading towards the Jumbo (Spreeuwstraat), but also a quarter of them 
are going to the Europalaan(East). Overall the origin of the cyclists is spread along all 
directions, however, most of them come from the Europalaan(West). This is also the destination 
for most cyclists, however, a lot of cyclists go to the Jumbo and the Tuunterstraat.

Figure 4.5: Route choice from cyclists that are coming from the Europalaan (West)

One of the main safety concerns, as discussed before, is cyclists who are using the one-way 
cycle path as a two-way cycle path, both on the Tuunterstraat and the Europalaan to the 
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Handelscentrum. In Figures 4.6 and 4.7 the amount of cyclists that are cycling against the 
direction is shown, as well as the percentage, the amount of cyclists is the average number of 
cyclists from 16:00 till 18:00 during days 1, 2 and 3. 

Figures 4.6 and 4.7: Percentage of all cyclists that are cycling against the direction and 
percentage of cyclists that cycle against the direction to the Handelscentrum

In Figure 4.6 it can be seen that of all cyclists that are cycling at the intersection, about 10 to 20 
percent are cycling against the direction, including the cyclists that are cycling from the Jumbo 
to the Europalaan(West), which only consists of two-way cycle paths. In Figure 4.7 it can be 
seen that the percentage of cyclists who are cycling against the direction to the Handelscentrum 
is 80 to 100 percent. This shows clearly that almost none of the cyclists followed the legal route. 
Furthermore, only some cyclists from the Jumbo to the Handelscentrum followed the legal route. 
The percentage of cyclists cycling against the direction to and from the Tuunterstraat is 10 to 40 
and 0 to 30 percent, as shown in Appendix D. This is also a significant number of cyclists and 
can also be seen in Figure 4.4, where the red lines represent the cyclists going against the 
direction. This behaviour of cyclists is something to take into account in the final considerations 
and recommendations.

4.3 Data collection conclusions and limitations
From the data collection, it became clear that most of the motorised traffic is going straight on 
the Europalaan and the peak volume is from 16:00 to 17:00. The number of cyclists does not 
seem to follow a clear deviated pattern from a straight line and is more sensitive to the weather 
circumstances.

Another major conclusion is that there are indeed a lot of cyclists using one-way cycle paths in 
the area as two-way cycle paths, especially to the Handelscentrum. This also leads to more 
conflict points with cars and affects the traffic flow, since vehicles turning left (or right) have to 
look out more, which causes longer delays, as seen during the count.

The data collection also had some limitations, the main limitation was that some traffic flows 
could not be measured because only two persons were available for the count. Therefore, traffic 
from and to the Jumbo could not be counted as well as traffic from the Tuunterstraat to the 
Handelscentrum. This could lead to fewer delays in the model than is seen in reality. Another 
limitation is that mainly cyclists tend to cycle unique routes, such as crossing the street at a 
point where no crossing is provided. This does not happen every 10 minutes but does occur a 
few times during the afternoon peak. These routes are not counted, since it would give a whole 
set of unique routes that are only cycled incidentally.
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5. Current situation model

5.1 Overview model and input data
For the simulation of traffic flows three things are demanded. The first thing is the total 
traffic volume at the start of each link, so for the normal roads this is the cars and trucks 
combined, while for the cycle paths, this is the number of cyclists. These volumes are 
put in the model for each 10 minutes of the afternoon peak. However, the data has to be 
put into Vissim as averages per hour, for every 10 minutes. The intensities that are 
calculated for the current situation model can be seen in Appendix E. Another thing that 
is needed to simulate the traffic flows is the mode split on each link, per 10 minutes, this 
is the share of cars compared to the share of trucks for motorised vehicles, while cyclists 
have always a share of 100%, since no other traffic modes are counted on the cycle 
paths. These shares have values from 0 to 1 and differ per 10 minutes per link. These 
mode splits can also be seen in Appendix E. Last but not least the route choices need to 
be calculated, which are implemented in the model with static routes. For motorised 
traffic, the route choices can be seen in Table 5.1. The directions in this table correspond 
with the directions in Figure 5.1, which is an overview of the current situation model in 
Vissim. The route choices from cyclists can be seen in Appendix E as well and 
correspond with the route choice graph in Appendix D.

Figure 5.1: Current infrastructure situation model in Vissim

In Figure 5.1, the current infrastructure situation is shown in Vissim. The legend shows the 
functions of the data points in the model. These points collect data and define the vehicle 
routes. In the model, the road width on the Europalaan and Tuunterstraat is 3.0 metres, while 
the road at the Handelscentrum is 2 metres since this road is shared with cyclists. The cycle 
paths/lanes in the area are 1.5 metres, which is slightly smaller than in reality, however, because 
cyclists are cycling against the direction, one-way cycle paths have to be put into Vissim as 
two-way cycle paths, to let cyclists cycle against the direction. This makes the total width slightly 
larger than in reality, but this will not have a large impact.
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Another road characteristic is the priority rules. As said before, the traffic on the Europalaan has 
priority over the traffic from the Handelscentrum and Tuunterstraat. One difference that is made 
is that the cyclists that are cycling against the direction to the Handelscentrum have been given 
priority over the motorised traffic from the Handelscentrum, this would not be the case by law, 
since traffic that drives against the direction would never have priority, but in reality during the 
data collection, it was observed that the cyclists were almost always given priority by cars.

Desired speeds are also important in the settings of the model. In the data collection from Basec 
in 2019, as discussed earlier, it was seen that the mean speed on the Europalaan was 44 km/h 
since the speed regulations on the other roads are the same as on the Europalaan, this is 
adopted for all the roads. Since Vissim overestimates the speed (setting 50 km/h as the desired 
speed would give a mean speed of >50 km/h), it is chosen that the desired speed is set to 40 
km/h, since this would result in an average speed of around 44 km/h. The desired speed for 
cyclists is set to 15 km/h since the mean speed of cyclists is around 17 km/h (Boer, 2022). 

Figures 5.2 and 5.3: Static routes motorised traffic and cyclists

In Figures 5.2 and 5.3 the static routes that are implemented in Vissim are shown. Here it can 
be seen that the cyclists use the one-way cycle paths besides the Tuunterstraat and from the 
Europalaan to the Handelscentrum are used as two-way cycle paths.

5.2 Results
As said earlier, the model is run 10 times to obtain the results. These results are then translated 
into tables with mean and peak travel times and delays for each route travelled, for motorised 
vehicles and cyclists. These results are shown later when the comparison with the other models 
is made, so these results can be seen in Chapter 6.2.

In this section, only the delays, queue lengths and fuel consumption are discussed, since travel 
time on itself is not interesting since the distance between routes is different and therefore a 
larger travel time could also be the cause of a longer route. This is helpful in the comparison 
with the solutions. In the discussion of all the results, the mean of an indicator (travel time, 
delay, queue length and speed) is the total average over the average per 10 minutes per run. 
The peak delay and travel time are the highest values of all these 10-minute averages in all 10 
runs. The maximum queue length is the maximum queue length that is ever seen during these 

17



10 runs. It could be seen in the results that the mean delays are not very high, both for 
motorised vehicles and cyclists, however, there do occur some spikes in these delays, for 
example, the maximum delay for motorised traffic was 35 seconds, for cars travelling from the 
Tuunterstraat to the Europalaan (West), which have to make a left turn. The traffic that has to 
turn left at the intersection is also the traffic with the highest delays. The cyclists with the highest 
delays are the cyclists that have to cross the Europalaan at the cyclists' crossing since the 
cyclists do not have priority there. 

The mean and max queue lengths can be seen in Tables 5.4 and 5.5 for motorised vehicles and 
cyclists. The names and places of these queues can be seen in Appendix F. As can be seen, 
the mean queue lengths are very short, only the queue at the left turn from the 
Europalaan(West) to the Tuunterstraat is 2 metres on average, while also the maximum queue 
length there is 150 metres. Another queue that stands out is the queue at the left turn from the 
Europalaan(West) to the Handelscentrum. Cyclists are rarely standing in a queue, so the mean 
queue length is very short, while the max queue length consists of around 10 cyclists max. 

Table 5.4 and 5.5: Mean and max queue length motorised vehicles and cyclists

The fuel consumption is calculated for each route, this is the idle time of a vehicle, which is 
calculated by Vissim, multiplied by the idle fuel consumption, which is around 0.5 litres per hour 
(Park+, 2020). This is calculated for the total duration of the simulation, which is two hours. The 
(idle) fuel consumption for the current situation is 2.25 litres per 2 hours. So this is the total use 
of fuel of vehicles that are idle (stationary) A breakdown of these calculations, based on the idle 
time and the average number of vehicles is shown in Appendix F. 

5.3 Verification and validation
Now the model is constructed, and the results are known, the model should be verified and 
validated to be sure that the model works as expected. First, the verification will be done with a 
check from input compared to the output data and with face validity, to see if the model behaves 
the same as in reality. In the validation the model will be simulated with the data from days 4 
and 5 and extreme scenario tests will be performed.

5.3.1 Verification
In Table F2 in Appendix F the first step of the verification can be seen, the verification of the 
number of vehicles and cyclists generated compared to the data counted. It can be seen that for 
motorised vehicles the model generates slightly more vehicles, while for cyclists the model 
generates slightly fewer cyclists, but also no major differences are seen. It is also tested if the 
vehicles that are generated are following the correct assigned routes and if these route choices 
are in the same ratio. This can be seen in Appendix F. It can be seen that for cars the route 
choices are well-defined, but the most concern is about the cyclists' route choices since these 
were sometimes not well incorporated in other models. In this model, the route choices for 
cyclists are well incorporated and most of the ratios are still the same. 

The second step in the verification of the model is face validity. In this step, the operational 
phase of the model is compared with the reality observed during the data collection, to see if the 
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model represents reality well. This comparison is also shown visually in Figure 5.4. In the model, 
there occurs somewhat less congestion at the Europalaan because the left turn to the entrance 
of the Jumbo is not modelled, which was a result of the limitation of persons in the data 
collection. Furthermore, the queues occur at the same places, at the left turns to the 
Tuunterstraat and Handelscentrum and the Tuunterstraat. The only difference is that there, 
again, is no queue at the left turn to the Jumbo, for the same reasons. Another thing that is 
modelled is that the cyclists are cycling against the direction, as observed during the data 
collection. One minor flaw in the model is that cars are going partly through each other at the left 
turn at the Europalaan to the Tuunterstraat. This error did not occur on purpose, but in reality, 
cars are overtaking the waiting cars on some occasions, using the cycle path, therefore this 
error is partly also realistic, since cars would overtake the waiting cars there sometimes. 
Another thing that is not seen in the model is that cars give way to cyclists to cross the 
Europalaan even though the cyclists do not have priority, this is not modelled, which leads to 
fewer queues/delays at the crossing. Another minor flaw is that cyclists will line up behind each 
other in front of a crossing instead of beside each other, this will lead to somewhat larger delays, 
especially if one cyclist can cross the road and one cannot, since in reality both cyclists can 
cross the road at the same time. Last but not least some cyclists are cycling unique routes in 
reality, such as crossing the Europalaan in a lot of different places, these are not incorporated in 
the model as well, but do not have a large effect on the traffic flow since these cyclists will wait 
until there are no cars on the road and the road is safe to cross. 

Figure 5.4: Visualisation Face validity

5.3.2 Validation 
To see if the model is a good representation of reality and the model behaves well, also 
validation is done. The first step of the validation data from days 4 and 5 of the data collection is 
implemented in Vissim in the same way the data from days 1, 2 and 3 is implemented. This data 
can be seen in Appendix F. As seen earlier in the data collection Chapter, the traffic flows and 
volumes on days 4 and 5 were a bit different from during days 1, 2 and 3, therefore this 
validation step is done to check whether the obtained results and the effects/conclusions are not 
only true for the dataset from days 1, 2 and 3, but that it is more generalizable.
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Table 5.7 and 5.8: Travel time and delay motorised vehicles and cyclists

In Table 5.7, the results can be seen from the model of days 4 and 5 for motorised traffic. This 
displays a comparison between days 4 and 5 with days 1, 2 and 3, where the first value in each 
cell is the time in seconds, while the second value is a percentage, this is the percentage 
increase (>100%) or decrease (<100%) compared to the model with the data from days 1, 2 and 
3. These travel times and delays are compared to see if the model also behaves well on other 
days. The cells are coloured according to the colour scheme in Table 5.7, this colour scheme 
applies to all other tables in this report too. It can be seen that there was more delay in the 
validation model. This could be explained by the fact that there were slightly more vehicles 
during the peak than during the first three days. There were also a lot more cyclists during days 
4 and 5, which also led to more delays for cars that were coming from and going to the 
Tuunterstraat since the motorised vehicles needed to give way for cyclists at the crossing. In 
Table 5.8 the travel time and delay results for cyclists can be seen. It can be seen that also 
cyclists have more delays and slightly longer travel times. The high percentages of the delays 
can be explained by the fact that these delays were very small. Furthermore, in Tables F5 and 
F6 in Appendix F, the mean and peak queue lengths are compared. The queue lengths also 
became somewhat longer on average, but no large differences were seen.

The second step of validation is performing extreme condition tests. This is to test extreme 
conditions in which the effect is obvious and to test if the model works as intended. The first 
extreme condition test is to give all vehicles a desired speed of 5 km/h, while the second test is 
to generate only trucks, instead of cars. The expected result of both of these tests is a 
completely congested intersection. The results of these tests can be seen in Appendix F. The 
travel times and delays were all longer, sometimes even up to 100 times longer. The simulation 
generated also fewer vehicles since it was not able to generate all the vehicles 

Figures 5.5 and 5.6: Extreme condition tests desired speed of 5 km/h and all vehicles are trucks
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6. Proposed solution models
Now the traffic flows in the current situation are modelled and analysed, models can be made 
for the proposed solutions to be able to compare the effects of the solutions with the current 
situation. In this Chapter these models are introduced, verified and validated and the results of 
these models will be compared with the current situation.

6.1 Overview models
Starting with the proposed solutions by VVN. This solution is already explained in the 
introduction and can be seen in Figure 6.1. A passage for cyclists will be created at the 
Tuunterstraat and the cycling path along the Tuunterstraat will become a two-way cycle path. 
The cycling paths crossing the Europalaan will be connected to the two-way cycle path with an 
angle of 90 degrees. The desired speeds and priority rules are still the same as in the current 
situation model. At the Handelscentrum the new intersection will have equal priorities. The new 
cycle crossing of the Tuunterstraat will be regulated the same as the already existing cycling 
crossing at the Europalaan. 

Figure 6.1: VVN solution model in Vissim

Some other assumptions are made in this model, the resulting input (only shown when there are 
changes compared to the current situation input) for the Vissim model can be found in Appendix 
H. The first assumption is that there is no change in the input for motorised traffic since there is 
no change in their infrastructure. The infrastructure for cyclists does change, therefore also 
some routes and inputs do change. The first important assumption is that cyclists are not cycling 
against the direction anymore. It could be argued that this would be the case since cyclists have 
to travel further when cyclists are following the legal (new) route. Cyclists who were cycling 
already against the direction on the Tuunterstraat are therefore added to the legal side of the 
Tuunterstraat. The cyclists that were cycling against the direction to the Tuunterstraat are 
expected to continue this route since it is now facilitated with the two-way cycle path north of the 
Tuunterstraat. The last assumption is that cyclists will follow the shortest route, so, for example, 
cyclists from the Europalaan (East) to the Tuunterstraat will cycle via the Handelscentrum.

The model of the proposed solution by the Municipality of Winterswijk can be seen in Figure 6.2. 
In this solution, the current entrance of the Handelscentrum is closed off for motorised traffic and 
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the new passage on the Tuunterstraat is accessible for both motorised traffic and cyclists. 
Furthermore, the cycle path along the Europalaan to the Handelscentrum (and further) is 
transformed into a two-way cycle path. The cycle path along the other side of the Europalaan is 
therefore removed. The desired speeds in this model are still the same, while the priority rules 
are the same, but the new intersection at the Handelscentrum is an equal priority intersection, 
while the new intersection on the Tuunterstraat gives priority to traffic on the Tuunterstraat. 

Figure 6.2: Municipality solution model in Vissim

Also, some assumptions are made again for the input of the model, these inputs can be seen in 
Appendix I. It is assumed that motorised traffic from B to D and vice versa are expected to take 
the entrance of the Handelscentrum in the south of the area since this is shorter than the 
entrance on the Tuunterstraat and is therefore not considered in the model anymore. Motorised 
traffic from A to D and vice versa are expected to drive via the new intersection on the 
Tuunterstraat. For cyclists the same assumptions apply as for the VVN model, cyclists are 
expected to not cycle against the direction anymore, while this is sometimes debatable, and 
follow the shortest routes available. The static routes for cyclists of both models can be seen in 
Figures 6.3 and 6.4. The assumptions explained before can be seen in these figures, cyclists 
are not cycling against the direction anymore and the shortest routes are cycled, this 
incorporates for example the new passage for cyclists is also used to cycle from the 
Tuunterstraat to the Europalaan(East).

Figures 6.3 and 6.4: Static routes cyclists proposed solution VVN and Municipality of 
Winterswijk
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6.2 Comparison results proposed solutions with the current infrastructure situation 
The results of these models will be compared with the current situation to see what the effects of the solutions are on the traffic flows. 
The comparison of these results can be seen in Tables 6.1, 6.2 and 6.3, where the travel times and delays can be seen for motorised 
traffic and cyclists, and a comparison of the legal routes compared to the illegal routes cycled in the current situation. The first 
column, without colours, displays the results of the current infrastructure situation, whereas the second column is for the results from 
the VVN solution and the third column is for the results from the Municipality solution. The colours are divided into the same colour 
scheme as seen before in Chapter 5.3.2. The sum of traffic flows, the last row, represents a comparison between the sum of the 
routes that both scenarios have in common, to have a fair comparison. This results in solutions that have a smaller total amount of 
seconds, but a percentage increase.

Tables 6.1, 6.2 and 6.3: Comparison of all scenarios of travel times and delays of motorised vehicles and cyclists + comparison of 
legal with illegal routes
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In Table 6.1 it becomes clear that the solution of the VVN does have a slightly negative effect 
(+1% increase (101% compared to the current situation) from the mean travel time) on the traffic 
flow from motorised traffic. This is mainly the result of a longer travel time from traffic from the 
Tuunterstraat. The mean delay is decreasing compared to the current infrastructure situation 
(-4%), and the peak delay increased slightly (+4%). Furthermore, it becomes clear that the 
proposed solution from the Municipality has a higher negative impact on the travel times and 
delays of motorised traffic than the solution of VVN, which is a 14% increase in mean travel time 
against a 1% increase at the VVN solution. Also, the mean delay increased at the Municipality 
solution, by 13%. This increase in travel time and delay in the solution of the Municipality is 
mainly the effect of the closure of the entrance of the Handelscentrum at the Europalaan. 
Furthermore, more cyclists are using the crossing of the Tuunterstraat, which motorised traffic 
has to give priority.

Moreover, it can be seen in Table 6.2 that the overall mean travel times of cyclists do decline in 
both solutions -14% and -16% for the solutions of VVN and the Municipality, respectively. The 
mean delay for cyclists in the solution of VVN does get higher compared to the current situation, 
+2%, with an even higher increase in peak delay, +30%. This can be explained by the fact that 
the route cycled for cyclists is much shorter when following the new passage to the 
Tuunterstraat from the Europalaan(East) and the Handelscentrum, but this route does have 
more intersections, where cyclists would stand still more, which results in a higher delay on the 
route itself. The delay of cyclists in the solution of the Municipality is lower than the current 
situation, in both the mean delay (-4%) and the peak delay (-9%). This means that the delay for 
cyclists in the solution of the Municipality is 6% and 39% shorter than in the solution from VVN. 
This is mainly the result of the construction of the two-way cycle path to the Handelscentrum in 
the solution of the Municipality since cyclists can cross the Tuunterstraat while having priority, 
while in the solution of the VVN, the cyclists have to cross the Tuunterstraat while giving priority 
to motorised traffic.

Last but not least in Table 6.3 it can be seen that the route that cyclists have to cycle from the 
Europalaan(West) to the Handelscentrum, in the solution of VVN, takes longer than cycling 
against the direction to the Handelscentrum, it could therefore be questioned whether cyclists 
would follow this route. The other routes that can be cycled in this proposed solution of VVN are 
shorter than the illegal routes cycled in the current situation and are therefore good alternatives. 
In the solution of the Municipality, the only travel times that do increase for cyclists, are cyclists 
from the Jumbo and cyclists that were cycling to the Tuunterstraat on the wrong side, as can be 
seen in Table 6.3. Since the cycling path alongside the Jumbo/Europalaan is removed and 
cyclists are not cycling on the wrong side of the Tuunterstraat anymore, whether cyclists would 
not do this anymore, is debatable since nothing changed on that cycle path along the 
Tuunterstraat.

In Table 6.4 the mean and max queue lengths for motorised vehicles 
can be seen. The names and places of these queues can be seen in 
Appendix F. It becomes clear that the queue lengths do not increase that 
much, only the queue at the Tuunterstraat does increase significantly, 
this does correspond to the longer travel times. The total fuel 
consumption at the intersection during two hours is 2.26L and therefore 
almost the same as the current situation. This since the average idle 
time is lower than in the current situation. A breakdown of this per route 
is shown, together with the queue lengths for cyclists in Appendix J. 
These results for the solution of the Municipality are shown in Appendix K. The fuel 
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consumption in the solution of the Municipality is 2.51L/2h, which is significantly higher than the 
current situation, which is the result of higher delays.

The verification and validation of both models are performed with the same method as for the 
current infrastructure situation model. The verification and validation of the VVN solution can be 
seen in Appendix L, while the verification and validation of the Municipality solution can be seen 
in Appendix M. The results of these tests were equal to the results obtained during the 
verification and validation steps for the current infrastructure situation model.

6.3 Effects assumptions
As described earlier, in the construction of the models, some assumptions were made. In this 
section, the effects of the biggest assumption, which is most likely to be different in reality, will 
be investigated. This assumption is the assumption that no motorised traffic from the 
Tuunterstraat will go to the Handelscentrum, since this could not be counted during the data 
collection. This is known to be not true in reality, however, the share of traffic that travels from 
the Tuunterstraat to Handelscentrum is not known. Since the vehicles that turn left to the 
Handelscentrum are counted as traffic from the Europalaan(West) and the total number of 
vehicles from AB is 690 and from C to B is 72, it is assumed that 10% of the vehicles turning left 
to the Handelscentrum is coming from the Tuunterstraat and not from the Europalaan(West).

The effects of this assumption can be seen in Appendix N, where this change is incorporated in 
all models, the results of these models are compared to the current situation model where the 
assumptions were still in place. It can be seen that the travel times and delays for the traffic 
flows that were incorporated in the first model are a bit higher, while the travel times and delays 
for traffic from the Tuunterstraat to the Handelscentrum are less in the solution of the 
Municipality than the solution from VVN and the current situation. This has only limited to no 
influence on the delay at the intersection since there are relatively little amounts of vehicles.

Another test that has been done is how the intersection will perform in the future, with increasing 
amounts of traffic. For this, some traffic increases are used. It is assumed that motorised traffic 
will increase by 20% by 2050 (European Federation for Transport and Environment AISBL, 
2024), since also values of 50% are seen in other research, this value will be tested as a very 
extreme scenario. For cyclists, it is assumed that the volume will increase by 15% by 2050 (Van 
den Beuken & Kuijt, 2021) and a 45% increase is tested as a very extreme scenario.

The results from this test can also be seen in Appendix N, where these volume increments are 
incorporated into the models and compared to the current situation normal model. It can be 
seen that for an increase of 20% for motorised traffic the VVN solution is already performing 
worse than the current situation with an increase of 20%, while the travel time for cyclists is still 
less, this is also the case for the solution of the Municipality. For an increase of 50%, the VVN 
solution is performing almost as badly for motorised traffic as the Municipality solution, while 
also the performance for cyclists is comparable, but the travel time for cyclists is still lower than 
the current situation without the increase in volume. The current situation with an increase of 
50% is worse for both motorised traffic and cyclists compared to the current situation without 
such an increase. Overall can be concluded that the differences seen during the normal 
comparisons are bigger with the increase in volume. An interesting point is that the VVN 
solution is performing a lot worse for motorised traffic than the current situation with a volume 
increase of 50% since this was around the same or better without the increase.
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7. Assessment safety indicators
Now the effects of the solutions on the traffic flows and environmental factors are known, it is 
important to analyse another major factor in the performance of the new solutions, which is 
safety. The safety concern is the main reason why this intersection needs to be changed, with 
underlying traffic flows as the correlation of this problem. Since the problem is already explained 
in the introduction, the focus of this chapter will be on analysing the safety indicators that were 
set earlier, which are the number of conflict points, the conflict angles, the speeds at those 
conflict points and the number of traffic passing these conflict points. 

7.1 Current situation
All the conflict points of cars with cyclists in the current situation can be seen in Figure 7.1, 
corresponding to it is a Table in Appendix M with the speeds, conflict angles and the number of 
vehicles passing at each conflict point. 

Figure 7.1: Conflict points current situation

It can be seen that there are 16 conflict points in the current situation. The number of vehicles 
passing these conflict points is 917 and most conflict angles are 90 degrees. Furthermore, the 
speeds were the highest at the conflict points where motorised vehicles are going straight, 
instead of turning right or left, which leads to a higher speed difference between motorised 
vehicles and cyclists. Another thing that needs to be taken into account is the conflict points that 
are created from traffic from the exit of the Jumbo, which is not modelled but creates conflict 
points in reality. These conflict points can be seen in Appendix M. These conflict points make 
the situation at this intersection even more hectic. One of the main safety concerns that are not 
incorporated in numbers is that cyclists are using the one-way cycle path as a two-way cycle 
path and are therefore not expected by cars.
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7.2 VVN proposed solution
Then the conflict points that are there if the proposed solution by VVN is implemented. In Figure 
7.2 it becomes clear that there will be 20 conflict points. The corresponding Table to these 
conflict points can be seen in Appendix M. 

Figure 7.3: Conflict points Municipality solution

The number of vehicles passing these conflict points is 834, which is lower than in the current 
situation. This is mainly the result of removing some conflict points at the intersection of the 
Europalaan with the Handelscentrum, while there are conflict points introduced at the less busy 
Handelscentrum and Tuunterstraat, compared to the Europalaan. The speeds on the 
Handelscentrum will also be lower than on the Europalaan since it is a smaller street and the 
conflict points are right after a bend. On the Tuunterstraat the speeds will be comparable to the 
speeds on the Europalaan but can be a bit lower because traffic is coming from a 30 km/h zone 
and a railway crossing. The situation at the intersection of the Europalaan and Handelscentrum 
is a bit less hectic in this situation, however, there are again some conflict points with traffic from 
the exit of the Jumbo, which is shown in Appendix M. Furthermore the safety concern of cyclists 
cycling against the direction remains partly in place, since the new route provided to the 
Handelscentrum is still longer than cycling against the direction, but the number of cyclists doing 
this would most likely be lower than at the current situation.

7.3 Municipality solution
The conflict points in the solution of the Municipality are displayed in Figure 7.3. As can be 
seen, there are 18 conflict points in this solution. 
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Figure 7.3: Conflict points Municipality solution

In the corresponding Table in Appendix M, it can be seen that the number of vehicles passing 
these conflict points is 677, the lowest number of the scenarios. This is the result of removing all 
conflict points at the intersection of the Handelscentrum and the Europalaan since the 
Handelscentrum is closed off for motorised traffic and the cycling lane along the Jumbo is also 
removed, this also removes the hectic situation at that intersection. These conflict points are 
introduced on the less busy Handelscentrum and Tuunterstraat. As said before, the speeds at 
these intersections might be a little bit less. Furthermore, the safety concern of motorised traffic 
not expecting cyclists that are cycling against the direction to the Handelscentrum is removed, 
since this is now facilitated and the motorised traffic will be aware of this. This safety concern is 
only still in place on the cycling path in the north of the Tuunterstraat, however, this will only 
result in cyclist-cyclist conflict, which is less dangerous in terms of injuries than car-cyclist 
accidents.

7.4 Conclusion safety indicators
It can be concluded that the solutions do not reduce the number of conflict points, but it does 
lower the amount of traffic passing them. At the solution of the Municipality, the fewest amount 
of traffic is passing the conflict points. Furthermore, it reduces the speed difference at the 
conflict points and reduces (the VVN solution) or completely removes (the Municipality solution) 
the number of cyclists that are cycling against the direction of the Handelscentrum Last but not 
least, the hectic situation in the intersection of the Handelscentrum and the Europalaan is 
simplified (at the VVN solution) or completely solved (the Municipality solution). However, at 
both solutions, some safety concerns still exist, at the VVN solution it will be likely that cyclists 
still cycle against the direction to the Handelscentrum and at the Municipality solution it will be 
likely that cyclists will cycle against the direction on the cycle path north of the Tuunterstraat. All 
in all, the requirements set, that visitors of shops etc. and school children need to cycle safe(r) 
to their destinations is achieved by both solutions, however, the solution of the Municipality is 
safer for scholars since the intersection at the exit of the Jumbo is on the school route. 
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8. Discussion, conclusion, and recommendations
In this chapter, the methods followed will be discussed, and the trade-offs will be concluded 
between the scenarios. In the end, a small recommendation is made.

8.1 Discussion
During this research, there were some limitations or missing parts that could lead to some 
difference in the results, these limitations, and assumptions with their possible effects are 
discussed here.

The first limitation is the limitation of the data collection. In the data collection, it was not 
possible to count the directions to and from the Jumbo. The motorised traffic going left from the 
Europalaan to the entrance of the Jumbo made a difference in the effects in the simulation 
model since less congestion did occur since motorised traffic did not have to wait for traffic that 
wanted to turn left here. In reality, a long queue did occur here, while this was not the case in 
the model because of this data collection limitation. 

Another limitation was that the speeds at some conflict points could not be captured in the 
model since these conflict points were in the middle of some roads and therefore no data 
collection point could be placed in the model. This has no large impact on the results, but some 
gaps in the speed results were seen as an effect of this. In the modelling, another limitation was 
found, which was that the travel times of cyclists to the Handelscentrum could not be split into 
one illegal and one legal route but were added up. Since not many cyclists followed the legal 
route, the effect of this is small, but no comparison could be made between the two routes.

Last but not least, no model was made from the two solutions when cyclists were continuing 
their behaviour of using one-way cycle paths as two-way cycle paths. As a result, the legal 
routes taken in the solutions are compared with the illegal routes taken in the current situation 
model, while it could be that the illegal route in the solutions would have longer travel times due 
to other changes, for example in traffic flows or infrastructure.

8.2 Analysis of trade-offs/conclusion
As could already be seen in the past chapters, both solutions have positive and negative effects 
on traffic flows, safety, and the environment. An overview of these effects per category can be 
found in Table 8.1. 

Table 8.1: Trade-offs solutions
Category Effects VVN solution (compared to 

current situation)
Effects Municipality solution (compared 

to current situation)

Traffic flow - motorised traffic -/+ (102%) - (123%)

Traffic flow - cyclists + (93%) ++ (84%)

Safety +/- +

Economic - -

Environmental -/+ (+0.01 L/2h) - (+0.26 L/2h)
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The effects on the traffic flows are calculated into one value, this is done by summing up all the 
total amounts of seconds for all the routes in a solution for mean and peak travel times and 
mean and peak delays. This is because the average from the percentages could not be taken 
due to the large differences between travel times and delays and therefore also the impact. The 
values in Table 8.1 are representative of the overall pattern seen in the raw results. The solution 
of VVN has a negligible impact (+2%) on the traffic flow for motorised traffic, since this 
infrastructure did not change, while it has a positive impact on the traffic flow for cyclists (-7%) 
since the travel time did decrease by a lot, however, the delay is somewhat higher. The safety in 
this scenario is somewhat better since some cyclists would travel via the new passage, 
however, this route is still longer, and therefore it is expected that cyclists would stick to their 
current habit and therefore this would not lead to a full solution to the current problem. 
Environmentally, which is assessed by fuel consumption during idle time at the intersection, this 
solution has almost the same fuel consumption as the current situation (+0.01 L/2h). The 
economic part is a qualitative comparison with the solution of the Municipality. It is clear that 
both scenarios cost money, and it is expected that the money that it will cost is somewhat 
comparable, since for both scenarios a part of the current existing road needs to be shifted 
some metres (in other places), cycle paths have to be broadened to accommodate two-way 
traffic and a new passage needs to be created. The solution of the Municipality will be a little bit 
more expensive due to the larger amount of asphalt that needs to be made, however combining 
this with the project of the Woonplaats will have opportunities for co-funding, therefore the total 
costs are expected to be almost equal. The solution of the Municipality harms the traffic flow for 
motorised traffic (+23%), since travel times, delays and queues got longer in the simulation. 
However, it has an even larger positive effect on the traffic flow for cyclists (-16%), since the 
travel times did decrease further compared to the VVN solution, and also the delays were 
shorter than in the other scenarios. The solution of the Municipality has also a positive impact 
on safety since far less traffic is crossing conflict points (677 veh/2h), compared to the other 
scenarios (838 and 917 veh/2h) with somewhat lower speeds. Furthermore, the unclear and 
hectic situation at the intersection of the Europalaan, Handelscentrum and the exit of the Jumbo 
is completely solved. Last but not least, the solution of the Municipality does have a slight 
negative impact on the environment (+0.26 L/2h).

8.3 Recommendations
Both scenarios have positive and negative effects. These trade-offs have to be reviewed by the 
Municipality itself, however, both solutions do have good solutions/ideas. First, the idea of a new 
passage in both solutions is a good solution. Furthermore, the closure of the current entrance of 
the Handelscentrum is a good idea to solve the safety problem there, however, it does have 
some disadvantages for the traffic flow of motorised vehicles. The removal of the cycle lane 
along the Jumbo is also good for the safety at the intersection, as well as providing the two-way 
cycle lane to the Handelscentrum that continues further along the Europalaan. A two-way cycle 
path along the Tuunterstraat is also a good solution since a lot of cyclists are cycling against the 
direction on the cycle path north of the Tuunterstraat as well. This all led to both solutions 
performing quite well concerning the requirements, both solutions make the situation safe(r) and 
the area stays accessible, also the Municipality could argue that the solutions are sustainable 
since they encourage people to cycle more, so it is sustainable even when there is more fuel 
consumption. The solutions are also viewed as not too expensive by the Municipality. Since both 
solutions have strong points and weaknesses, something that could be taken into consideration 
is combining these ideas of both solutions into one solution. This would be a bit more expensive 
but is a good step towards the goal of the Municipality of Winterswijk to have 0 traffic deaths in 
2030. 
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10. Appendices 

10.1 Appendix A: Intensities Europalaan and Tuunterstraat
As can be seen in the figures, these measurements were done from 26-06-2019 to 09-07-2019. 
The vehicle distribution was determined using the axle combinations. These measurements on 
the Europalaan are done between the N319 and the Europark, west of the intersection with the 
Tuunterstraat. This means that there are two roads, the Europark and the Spreeuwstraat, 
between the measurement point and the intersection of interest. The measurements on the 
Tuunterstraat are done between the intersection with the Europalaan and the Kalverstraat, 
which means that there is no road between the measurement point and the intersection with the 
Europalaan.

Figure A1: Intensities Europalaan
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Figure A2: Intensities Tuunterstraat

10.2 Appendix B: Traffic count directions cyclists
Table B1: Table with directions counted for heavy and light motorised vehicles and periods

Table B2: Table with directions counted for cyclists during the count
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Table B3: Table with directions counted for cyclists afterwards from the video
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Figure B1: Possible routes for cyclists from the direction of the Europalaan (Mac/West)

Figure B2: Possible routes for cyclists from the Tuunterstraat
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Figure B3: Possible routes for cyclists from the Tuunterstraat (wrong side)

Figure B4: Possible routes for cyclists from the Europalaan (East)
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Figure B5: Possible routes for cyclists from the direction of the Jumbo

Figure B6: Possible routes cyclists from Handelscentrum
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Figure B7: Possible routes for cyclists to Handelscentrum

10.3 Appendix C: Data collection results motorised traffic

Figure C1: Colour scheme for all graphs in this appendix C

Figure C2: Origin of motorised vehicles
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Figure C3: Destination of motorised vehicles

Figure C4: Route choice from motorised vehicles from the Europalaan (West)

Figure C5: Route choice from motorised vehicles from the Europalaan (East)

Figure C6: Route choice from motorised vehicles from the Tuunterstraat
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Figure C7: Route choice from motorised vehicles from the Handelscentrum

Figure C8: Detailed route choice per 10 minutes (averages from days 1, 2 and 3) from 
motorised vehicles from the Tuunterstraat 

Figure C9: Detailed route choice per 10 minutes (averages from days 1, 2 and 3) from 
motorised vehicles from the Europalaan (West)
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Figure C10: Detailed route choice per 10 minutes (averages from days 1, 2 and 3) from 
motorised vehicles from the Handelscentrum

Figure C11: Detailed route choice per 10 minutes (averages from days 1, 2 and 3) from 
motorised vehicles from the Europalaan (East)

10.4 Appendix D: Data collection results cyclists

Figure D1: Colour scheme for all graphs in this appendix D
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Figure D2: Route choice from cyclists from the Tuunterstraat

Figure D3: Route choice from cyclists from the wrong side of the Tuunterstraat

Figure D4: Route choice from cyclists from the Handelscentrum
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Figure D5: Route choice from cyclists from the Europalaan (East)

Figure D6: Route choice from cyclists from the Jumbo

Figures D7 and D8: Origin and destination of cyclists 
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Figure D9: Amount of cyclists going against the direction to the Tuunterstraat

Figure D10: Amount of cyclists going against the direction from the Tuunterstraat

10.5 Appendix E: Input data current situation model
-
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Figure E1: Average intensities per 10 minutes and hour cars and trucks over days 1, 2 and 3

Figure E2: Average intensities per hour cyclists over days 1, 2 and 3

Figure E3: Intensities of motorised traffic and cyclists per 10 minutes modelled in Vissim

Figure E4: Mode split cars and trucks average per 10 minutes on days 1, 2 and 3
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Figure E5: Mode split modelled in Vissim

Figure E6: Route choice motorised traffic days 1, 2 and 3

Figure E7: Route choice cyclists days 1, 2 and 3

10.6 Appendix F: Results and verification and validation current 
situation
Results current situation

Table F1: Calculation of fuel consumption
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Figure F2: Places and names of queues in current situation (Red = motorised traffic queues, 
Yellow = Cyclists queues)
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Figure F2: Places and names of queues in VVN solution (Red = motorised traffic queues, Yellow 
= Cyclists queues)

Figure F3: Places and names of queues in Municipality solution (Red = motorised traffic queues, 
Yellow = Cyclists queues)

Verification
Table F2: Verification input traffic

Table F3 Verification of static routes motorised vehicles 

Table F4: Verification of static routes cyclists 
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Validation

Figure F4: Average intensities per 10 minutes and hour cars and trucks over days 4 and 5, input 
validation
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Figure F5: Average intensities per hour cyclists over days 4 and 5

Figure F6: Mode split cars and trucks average per 10 minutes on days 4 and 5

Figure F7: Route choice motorised traffic days 4 and 5

Figure F8: Route choice cyclists days 4 and 5

Tables F5 and F6: Mean and peak queue lengths of motorised vehicles and cyclists
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Figure F9: Travel time and delay results cyclists and motorised traffic extreme condition 5 km/h 
test current situation

Figure F10: Travel time and delay results cyclists and motorised traffic extreme condition all 
trucks test current situation

10.7 Appendix H: Input data VVN proposed solution model
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Figure H1: Input cyclists' intensities per hour in Vissim VVN solution

Figure H2: Input route choices cyclists in Vissim VVN solution

10.8 Appendix I: Input data Municipality proposed solution model

Figure I1: Intensities motorised traffic per 10 minutes and per hour, input Municipality solution 
model
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Figure I2: Mode split motorised traffic per 10 minutes, input Municipality solution model

Figure I3: Route choice motorised traffic, input Municipality solution model

Figure I4: Input cyclists' intensities per hour in the Vissim Municipality solution

Figure I5: Input route choices cyclists in Vissim Municipality solution

10.9 Appendix J: Results VVN proposed solution

Figure J1: Fuel consumption calculation VVN proposed solution
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Figure J2: Mean and max queue lengths cyclists VVN proposed solution

10.10 Appendix K: Results Municipality proposed solution

Figure K1: Fuel consumption calculation Municipality proposed solution

Figure K2: Mean and max queue lengths motorised traffic Municipality proposed solution

Figure K3: Mean and max queue lengths cyclists Municipality proposed solution

10.11 Appendix L: Verification and validation VVN proposed 
solution
Verification
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Figure L1: Verification generated vehicles VVN proposed solution motorised vehicles and 
cyclists

Validation

Figure L2: Validation travel time and delay results motorised vehicles VVN solution day 4 and 5

Figure L3: Validation travel time and delay results cyclists VVN solution day 4 and 5

Figure L4: Extreme scenario test 5 km/h travel time and delay results motorised vehicles VVN 
solution 

57



Figure L5: Extreme scenario test 5 km/h travel time and delay results cyclists VVN solution 

Figure L6: Extreme scenario test all trucks travel time and delay results motorised vehicles VVN 
solution 

Figure L7: Extreme scenario test all trucks travel time and delay results cyclists VVN solution 

10.12 Appendix M: Verification and validation Municipality 
proposed solution
Verification
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Figure M1: Verification generated vehicles VVN proposed solution motorised vehicles and 
cyclists

Validation

Figure M2: Validation travel time and delay results motorised vehicles Municipality solution day 
4 and 5

Figure M3: Validation travel time and delay results cyclists Municipality solution day 4 and 5

Figure M4: Extreme scenario test 5 km/h travel time and delay results motorised vehicles 
Municipality solution 
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Figure M5: Extreme scenario test 5 km/h travel time and delay results cyclists Municipality 
solution 

Figure M6: Extreme scenario test all trucks travel time and delay results motorised vehicles 
Municipality solution 

Figure M7: Extreme scenario test all trucks travel time and delay results cyclists Municipality 
solution 
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10.13 Appendix N: Effects assumptions and increase volume

Figure N1: Current situation +20% volume increase compared to the current situation without an 
increase

Figure N2: VVN solution +20% volume increase compared to the current situation without an 
increase
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Figure N3: Municipality solution +20% volume increase compared to the current situation 
without an increase

Figure N4: Current situation +50% volume increase compared to the current situation without an 
increase
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Figure N5: VVN solution +50% volume increase compared to the current situation without an 
increase

Figure N6: Municipality solution +50% volume increase compared to the current situation 
without an increase
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Figure N7: Current situation with traffic CD and DC compared to current situation without traffic 
CD and DC

Figure N8: VVN solution with traffic CD and DC compared to the current situation without traffic 
CD and DC
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Figure N9: Municipality solution with traffic CD and DC compared to current situation without 
traffic CD and DC

10.14 Appendix M: Safety assessment

Figure M1: Extra conflict points cyclists with motorised traffic from the exit of the Jumbo in the 
current situation 
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Figure M2: Extra conflict points cyclists with motorised traffic from the exit of the Jumbo in the 
solution of VVN

Figure M3: Safety assessment of the current situation
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Figure M4: Safety assessment of the VVN proposed solution 

Figure M5: Safety assessment of the Municipality proposed solution 
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