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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.

~ gﬁrDP"aa" Tuunterstraat Tuunterstraat
2

- o A
NS - —————

¢

. PoStNL PostkantGor

Route planned
=== Route cycled

———————1 Two way cycle path
Other one way cycle paths

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



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.
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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



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.
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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.



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.



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.
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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



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



- 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
Otkovi¢ 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
Otkovi¢ 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 Otkovi¢ 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



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 Otkovi¢ 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 Otkovi¢ 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.



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.



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.

Data analysis/

Batne e Data preparation

- Data analysis l

Final discussion
trade-offs

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 ftraffic 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.
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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, Figure 4.1: Traffic count directions for motorised traffic
while traffic coming from and going to D are (Google Maps, 2024)

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.

Volume of motorised vehicles per 10 Volume of cyclists per 10 minutes
minutes on the intersection on the intersection

Time

M dav 213 J—Y | 45
——Meanday1,2,3 =——mMeanday4, 5 Mean day 1, 2, 3 Mean day 4, 5

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 ftraffic 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.

Tuunterstra & N\ Tuunterstraat Tuunterstraat Tuunterstraat +Tiunterstr3
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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.

Route choice from cyclists
Europalaan (West)

Decimal fractio
o _o
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Route number

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.

All cyclists percentage cycling against the Amount of cyclists going to the
Handelscentrum
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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

Table 5.1: Route
choice motorised

For the simulation of traffic flows three things are demanded. The first thing is the total traffic
traffic volume at the start of each link, so for the normal roads this is the cars and trucks |Reutes 2:::::'
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 |[*®  |%729
put into Vissim as averages per hour, for every 10 minutes. The intensities that are |AC 0,165
calculated for the current situation model can be seen in Appendix E. Another thing that | ,n 0.106
is needed to simulate the traffic flows is the mode split on each link, per 10 minutes, this ” Py
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 |BC¢ 0.104
paths. These shares have values from 0 to 1 and differ per 10 minutes per link. These |&BD 0,028
mode splits can also be seen in Appendix E. Last but not least the route choices need to |, 0.739
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 c8 0,281
with the directions in Figure 5.1, which is an overview of the current situation model in |PA 0,814
Vissim. The route choices from cyclists can be seen in Appendix E as well and |coB 0,1855
correspond with the route choice graph in Appendix D.
4
< C(Tuunterstraat)
|
Jumbo|
M -pata coliection point/speedtrap
= Queue counter
= Start of travel time measurement

; e ’ : : > .
G°°gle £ / s B(Europalaan(East)) .a;

Figure 5.1: Current infrastructure situation model in Vissim

= End of static vehicle route

.= Start of static vehicle route

= End of travel time measurement

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

Motorised vehicles Mean queue lenght (m) Queue lenght max (m) Cyclists Mean queue lenght (m) Queue lenght max (m)

A_BCD 2,0] 150,6 Jumbo 0,0 0,0
B_AC 0,0 11,6 Europalaan(West_ 0,1 20,8|
C_AB 0,1 27,3 Europalaan(West)_Tuunt(Wrong) 0,41 24,7
B_ACD 0,0 28,0 Tuunt(Wrong) 0,0 2,9
A_BD 0,5] 86,9 Tuunt 0,0, 0,0
D_AB 0,0 16,9 Europalaan_Handelscentrum 0,0 0,0|
Sum 2,6 321,3 Sum 0,5 48,3

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

Motorised vehicles Mean travel time (s) Travel time peak (s) Mean delay (s) Peak delay (s)

Europalaan (West) to (East) (AB) 30,4 (117%) 52,6 (121%)
Europalaan (West) to Handelscentrum (AD) 46,3 (113%) 82,3 (148%)
Europalaan (West) to T (AC) 44,7 (114%) 69,6 (120%) 12,2 (151%)) _ >140%
T to (West) (CA) 24,3 (97%), 34,1 (103%) 4,4 (132%)| 14,5 (129%)
T to ) (CB) 37.2 (99%) 60,7 (94%) 11,0 (116%) 36,0 (101%) 120-140%
Eur tot (BD) 18,6 (100%) 24,6 (108%) 0,3 (94%) 5,7 (110%), 80-120%
Europalaan(East) to Tuunterstraat (BC) 26,7 (99%) 28,8 (92%) 1,0 (110%) 2,7 (60%)|
Europalaan(East) to Europalaan(West) (BA) 15,1 (101%) 16,6 (105%) 0.7 (108%) 2.3 (136%) 60-80%
Difference in total (%) 243,3 (87%)) 369,2 (94%)| 44,8 (115%) 171,8 (115%) _ <60%
Cyclists Mean travel time (s) Travel time peak (s) Mean delay (s) Peak Delay (s)
Jumbo to Europalaan(East) (10a) 32,5 (101%) 37,1 (99%) 0,0 (107%) 0.5 (79%)
Jumbo to F 49,6 (97%) 70,4 (103%)| 2,4 (61%), 18,2 (139%)
Jumbo to Tt (11a) 48,0 (101%) 627 (103%) 3.8 (111%) 16,2 (82%)|
Jumbo to Tt (11b) 36.4 (101%) 55,4 (117%)| 3,8 (111%)
Jumbo_Europalaan(West) (12) 18,2 (99%)! 31,8 (99%) 3,6 (98%) 17,0 ( 110%)
Europalaan(West) to Jumbo (1) 19,3 (103%)! 32,5 (95%) 3,9 (116%)
Europalaan(West) to Europalaan(East) (2a) 40,9 (100%)] 52,2 (91%) X
West) to T (3a) 41,2 (101%) 47,8 (97%) i
Europalaan(West) to Tuunt(wrong) (3b) 39,5 (99%) 46,5 (97%)|
Europalaan(West) to F 47,0 (100%)] 54,1 (96%)
) to T (7a) 46,8 (99%) 54,0 (100%)|
Europalaan(East) to Europalaan(West) (8) 34,8 (100%)] 43,7 (83%)| 0,2 (85%) 7.2 (98%)|
) to Jumbo (9) 43,2 (100%) 59,2 (102%)| 4,4 (97%) 21,0 (92%)
to T 59,7 (100%)! 68.7 (100%)
to Europalaan(West) 48,3 (101%)] 63,4 (101%)|]
[ to Jumbo 57,1 (103%)! 103,0 (149%
T to Hi 70,9 (101%)) 847 (105%) _____0.5(90%)| 6.6 (130%)
Tuunterstraat to Europalaan(West) (4) 38.8 (100%)] 45,2 (99%))
T to Jumbo (5) 47,3 (101%) 59,4 (104%)| 44 (117%)] 17,6 (135%)|
Tuunterstraat to Europalaan(East) (6a) 69,7 (200%)] 105,7 (112%)| 5,2 (100%
(Wrong) to k 61,6 (101%) 73,1 (103%
Tuunt to Europalaan(East_wrong) (6b) 58,3 (100%))
Sum of all cyclists flows 1009,4 (100%) 1317,8 (103%) 44,2(107%) 299,4 (127%)

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.
/

A(Europalaan(West)) C(Tuunterstraat)

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.

7/ A (Europalaan(West))

C(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

| Motorised vehicles Mean travel time (s)|Mean travel time VVN (s) [Mean travel time Mun. (s) |Travel time peak (s) |Travel time peak VVN (s) Travel time peak Mun. (s) [Mean delay (s) [Mean delay VVN (s) Mean delay Mun. (s) |Peak delay (s) [Peak delay VVN (s) |Peak delay Mun. (s)
Europalaan (West) to Europalaan (East) (AB) 26,7 26,0 (98%) 28,4 (107%) 44,5 43,3 (97%) 43,5 (98%) 38 3.7 (96%) 4.4 (115%) 21,6 20,8 (96%) 19,4 (90%)|
Europalaan (West) to Handelscentrum (AD) 416 40,9 (98% 58,8 55,7 (95%) 77.7 (132%))| 5.8 5,5 (95%) 20,7 18,2 (93%)| 29,2 (141%)|
Europalaan (West) to Tuunterstraat (AC) 394 39,3 (100%) 41,7 (106%) 58.0 57,7 (100%) 63.8 (110%) 8.5 8.1 (35%) 8.6 (100%) 26.8 26,3 (98%) 30,3 (113%)
Tuunterstraat to Europalaan (West) (CA) 236 25,0 (106%)) 25,8 (109%) 28,7 33,0 (115%), 38.9 (136%) 3.7 3.4 (92%) 5,0 (135%) 88
Tuunterstraat to Eurcpalaan(East) (CB) 358 37,5 (105%) 37,8 (106%) 548 64,7 (118%) 72.4 (132%) 9.5 9,5 (100%) 10,7 (112%) 27.8
Europalaan(East) to Handelscentrum (BD) 18.6 18.5 (100%) 227 22,8 (100%) 0.3 0.3 (105%) 4.1
Europalaan(East) to Tuunterstraat (BC) 26,6 27.1 (102%) 26,9 (101%) 296 31,2 (105%) 28,6 (96%) 0.9 35
Europalaan(East) to Europalaan(West) (BA) 15,0 14,9 (99%) 14,4 (96%) 16,1 15,9 (99%) 14,4 (89%) 07 18
Handelscentrum to Europalaan(West) (DA) 28,1 27.7 (93%1— 33,0 32,0 (97%)’ 24 7,0
Handelscentrum to Europalaan(East) (DB) 23.4] 23.4 (100%) 39.9 38.5 (97%) 4.8 4.8 (102%) 21,0
Sum of all same traffic flows 278,7 280,3 (101%)] 276,3 (117%)] 386.1 372,0 (102%)] 392,3 (121%)] 40,4 39,0 (96%)] 45,0 (127%)| 143,0 149,8 (104%)| 161,7 (137%)|

Handelscentrum to Tuunterstraat

Handelscentrum to Europalaan(\West)

48,6 (102%)

57,2 (91%)

Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum

Tuunterstraat to Europalaan(\West) (4)

38,6 (99%)

44,3 (97%)

45,2 (99%)

Tuunterstraat to Jumbo (5)

: 46,4 (100%) 46,5 (100%)

58,8 (103%) 54,7 (95%)
66,6 (71%)

X _4,0 -95%'_4‘8 -113%1

0,1 (99%)

8,2 (106%)

Cyclists Mean travel time (s) Mean travel time VVN (s) Mean travel time Mun. (s) |Travel time peak (s} Travel time peak VVN (s)|Travel time peak Mun. (s) Mean delay (s) |Mean delay VVN (s} |Mean delay Mun. (s) |Peak Delay (s”Peak Delay VVN (s) |Peak Delay Mun. (s)
Jumba to Eurcpalaan(East) (10a) 322 31,7 (98%) 40,3 (125%) 376 37.0 (98%) 0.0 0,0 (69%) 07 0,7 (111%)

Jumbo to Handelscentrum 51,3 496 (97%) 55,2 (108%) 68,7 69,5 (101%) 67,1 (98%) 39 3,7 (96%) 3.9 (102%) 131 17,5 (134%) 16,6 (127%)
Jumbo to Tuunterstraat (11a) 47,7 49,8 (104%) 48,7 (102%) 60,7 66,4 (109%) 64,6 (106%) 3,4 3.8 (112%) 3,8 (111%) 197 16,0 (82%) 23,1 (118%)
Jumbo to Tuunterstraat(wrong) (11b) 36,1 47,3 3,5 16,4

Jumbo_Europalaan(West) (12) 18,3 19.9 (109%) 19,1 (105%) 32,0 28,7 (90%))| 26,4 (83%) 3.7 3,3 (90%) 3.3 (90%) 13,1 (85%)

Europalaan(West) to Jumba (1) 18,8 19,2 (102%) 18,8 (100%) 341 32,5 (95%) A 3,3 (98%)

Europalaan(West) to Eurcpalaan(East) (2a) 40,7 41,1 (101%) 34,0 (84%)| 578/ 71.4 (124%) 40,5 (70%)

Europalaan(West) to Tuunterstraat (3a) 40,9 42 8 (105%) 42,2 (103%) 491 556 (113%) 49,3 (100%)

Europalaan(West) to Tuunt{wrang) (3b) 38,8 479

Europalaan(West) to Handelscentrum 47,0 58,7 (125%) 47,4 (101%) 56,3/ 70,6 (125%) 53,5 (95%) 0,2 (75%) 4,0 (110%)
Europalaan{East) to Tuunterstraat (7a) 47 4 29,6 (62%) 31,2 (66%))] 539 34,8 (65%)) 41,4 (77%) 4.9 (89%)

Eurcopalaan(East) to Europalaan(West) (8) 3 36,2 (104%) 34,2 (98%) 39,0 (74% X

Eurcpalaan(East) to Jumbo (8) 45,8 (106%) 43,0 (99%) 58,8 (102%) , 2 23,6 (103%)

13.4 (76%)

3,0 (103%)

5,6 (111%);

12,1 (92%)

Tuunterstraat to Europalaan(East) (6a) 3,8 (T4%) 30,3 (137%)
Tuunterstraat(¥Wrong) to Handelscentrum 61,0 10,3

Tuunt to Europalaan(East_wrong) (6b) 581 711 0,3 38

Sum of all eyclists flows 1005,8 6973 (86%)] 680,2 (84%))| 12766 953,0 (92%) 8552 (82%) 41,3 37,7 (102%) 35,4 (96%) 236,5 263,1 (130%) 183,6 (91%)
Routes now compared to illiegal routes taken [Mean travel time (s) Mean travel time (s) Travel time peak (s) Travel time peak (s)|Mean delay (s; Mean delay (s] Peak Delay (s) |Peak Delay (s]

Europalaan(West) to Handelscentrum 58,7 (125%) 70,6 (125%)

Jumbo to Handelscentrum 496 (97% 69,5 (101% 3,7 (96%) 17,5 (134%

Tuunterstraat(VWrong) to Handelscentrum 0.8 (124%

Tuunt to Europalaan({East_wrong) (8b) 39.9 (69% 66,6 (94%

Jumbao to Tuunterstraat(wrong) (11b) 48,7 (135%) 64,6 (137%) 3,7 (109%)

Europalaan(West) to Tuunt(wrang) (3b) 42,2 (106%) 49,3 (103%)

Tuunterstraat(VWrong) to Handelscentrum 23,4 (38%) 33,6 (47%) 7,6 (73%)



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 Tabée B.4: VVN solution meaen and max queue langth
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much, only the queue at the Tuunterstraat does increase significantly, |
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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 ftraffic 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.
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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 VVVN 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.

mmmm Motorised traffic
Cyclists
1

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 Effects Municipality solution (compared
current situation) to current situation)

Traffic flow - motorised traffic -1+ (102%) - (123%)

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

Safety +/- +

Economic - -

Environmental -/+ (+0.01 L/2h) - (+0.26 L/2h)

29




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.

R BASEC

Intensiteiten
Intensiteiten
Doorsnede Ri. Oost Ri. West
Werkdag Weekdag Werkdag Weekdag | Werkdag Weekdag
Etmaal (0-24u) 12904  100,0% 11860 100,0% 6408 5901 6496 5959
Dag (7-19u) 10642 82,5% 9823 82,8% 5370 4955 5273 4869
Avond (19-23u) 1690 13,1% 1502 12,7% 808 718 882 785
Nacht (23-7u) 572 4,4% 534 4,5% 231 229 341 305
Ochtendspits (7-9u) 1213 9,4% 968 8,2% 632 505 581 464
Avondspits (16-18u) 2345 18,2% 2065 17,4% 1177 1019 1168 1046
Voertuigverdeling
Doorsnede Ri. Oost Ri. West
Werkdag Weekdag ‘ Werkdag Weekdag ‘ Werkdag Weekdag

Licht verkeer (L)

12520 97,0% 11547 97,4%

97,1% 97,5% 96,9% 97,3%

Middelzwaar verkeer (M) 245 1,9% 201 1,7% 1,9% 1,7% 1,9% 1,7%

Zwaar verkeer (Z) 139 1,1% 112 0,9% 1,0% 0,9% 1,2% 1,0%
Doorsnede Ri. Oost Ri. West

Gemiddelde 44 44 44

V85 52 52 52,

Figure A1: Intensities Europalaan

26-06-2019 14125
27-06-2019 14507
28-06-2019 15230
29-06-2019 10984
30-06-2019 7239
01-07-2019 11679
02-07-2019 12004
03-07-2019 12210
04-07-2019 11722
05-07-2019 13395
06-07-2019 11861
07-07-2019 6915
08-07-2019 11882
09-07-2019 12094
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R BASEC

Intensiteiten

10-06-2023
11-06-2023

Doorsnede Ri. Oost Ri. West

Werkdag Weekdag Werkdag Weekdag | Werkdag Weekdag
Etmaal (0-24u) 2562 100.0% 2360 100.0% 1309 1203 1253 1157
Dag (7-19u) 2254 88.0% 2085 88.4% 1165 1071 1090 1014
Avond (19-23u) 238 9.3% 210 8.9% 117 104 121 106
Nacht (23-7u) 70 2.7% 64 2.7% 27 28 43 36
Ochtendspits (7-9u) 248 9.7% 207 8.8% 120 100 128 106
Avondspits (16-18u) 452 17.6% 394 16.7% 247 212 205 182

Voertuigverdeling

Doorsnede Ri. Oost Ri. West

Werkdag Weekdag ‘ Werkdag Weekdag | Werkdag Weekdag
Licht verkeer (L) 2508 97.9% 2313 98.0% 97.4% 97.6% 98.4% 98.5%
Middelzwaar verkeer (M) 25 1.0% 21 0.9% 1.0% 0.9% 0.9% 0.9%
Zwaar verkeer (Z) 29 1.1% 25 1.1% 1.6% 1.5% 0.7% 0.6%

Doorsnede Ri. Oost Ri. West

Gemiddelde 44 44 44
V85 52 52 52

Figure A2: Intensities Tuunterstraat

12-06-2023
13-06-2023
14-06-2023
15-06-2023
16-06-2023
17-06-2023
18-06-2023
19-06-2023
20-06-2023
21-06-2023
22-06-2023
23-06-2023
24-06-2023
25-06-2023

10.2 Appendix B: Traffic count directions cyclists

Table B1: Table with directions counted for heavy and light motorised vehicles and periods

2369
1335
2512
2351
2494
2589
3019
2612
1354
2390
2344
2452
2681
2772
2242
1211

Etmaalcijfers

WHAT

Light motorised traffic

FROM

Europalaan (Mac)

Europalaan

Tuunterstraat

Handelscentrum

T0

Europalaan

Tuunterstraat |Handelscentrum

Europalaan (Mac) Tuunterstraat

Handelscentrum

Europalaan | Europalaan (Mac)

Europalaan (Mac) |Europalaan

DI.NO.

AB

AC AD

BA BC

BD

CA CB

DA DB

16:00-16:09

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17:30-17:39

17:40-17:49

17:50-17:59

WHAT

Heavy motorised traffic

FROM

Europalaan (Mac)

Europalaan

Tuunterstraat

Handelscentrum

T0

Europalaan

Tuunterstraat

Handelscentrum

Europalaan (Mac) Tuunterstraat

Handelscentrum

Europalaan

Europalaan (Mac)

Europalaan (Mac)

Europalaan

DI. NO.

AB

AC

AD

BA

BC

BD

CA

CB

DA

DB

16:00-16:09

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17:30-17:39

17:40-17:49

17:50-17:59

Table B2: Table with directions counted for cyclists during the count
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VAN
NAAR
RIl. NR.

Europalaa

n (Mac)

Tuunterstraat

Tuunterstraat (verkeerde kant)

Jumbo

EU-laan |EU-laan

Tuunt

Tuunt EU-laan (M) [lumbo EU-laan

EU-laan EU-laan (M) Jumbo

EU-laan

EU-laan

2a 2b

3a

3b

4

5 6a

6b

41 51

61a

61b

16:00-16:08

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17:30-17:39

17:40-17:49

17:50-17:59

VAN

Europalaan

Jumbo

NAAR

Tuunt

Tuunt EU-laan

(M) [Jumbo

EU-laan |EU-laan Tuunt Tuunt

EU-laan (M)

RI. NR.

7a

7b 3

10a

10b 11a 11b

12

16:00-16:09

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17:30-17:39

17:40-17:48

17:50-17:59

Table B3: Table with directions counted for cyclists afterwards from the video

VAN

Handelscentrum

NAAR

Tuunt Tuunt EU-laan

(M)

Jumbo Jumbo

VIA

EU-laan | EU-laan

EU-laan

EU-laan EU-laan

Datum

16:00-16:09

Weer

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17:30-17:39

17:40-17:49

17:50-17:59

VAN

Jumbo Jumbo ‘EU—laan

(M)

|EU—laan (M) |Tuunter

Tuunter |Tuunter

NAAR

HAN

DELSCENTRUM

VIA

EU-laan |EU-laan |EU-laan

EU-laan EU-laan

EU-laan |EU-laan

16:00-16:09

16:10-16:19

16:20-16:29

16:30-16:39

16:40-16:49

16:50-16:59

17:00-17:09

17:10-17:19

17:20-17:29

17.30-17:39

17:40-17:49

17:50-17:59
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Start point (Europalaan (Mac))

Tuunterstraat Twuunterstraat Tuunterstraat «Tuunterstra

Jumbo "_‘

e Possible routes
Route number: Allowed Prohibited

Figure B1: Possible routes for cyclists from the direction of the Europalaan (Mac/West)

Start point (Tuunterstraat)

Tuunterstraat Tuunterstraat Tuunterstraat - Tuunterstra

- laan
~ Eu:opﬂ
. f'-u’:a’

N/

™
Jumbo "“

e Possible routes
Route number: Allowed Prohibited

Figure B2: Possible routes for cyclists from the Tuunterstraat
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Tuunterstraat Twuunterstraat Tuunterstraat «Tuunterstra

Start point (Tuunterstraat wrong side)

Jumbo "_‘

e Possible routes
Route number: Allowed Prohibited

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

Tuunterstraat Tuunterstraat Tuunterstraat - Tuunterstra

- laan
"Eu:opﬂ
7655
s ///

™
Jumbo "“

e Possible routes
Route number: Allowed Prohibited

tart point (Europalaan)

Figure B4: Possible routes for cyclists from the Europalaan (East)
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Tuunterstraat Twuunterstraat Tuunterstraat «Tuunterstra

Jumbo "_‘
e Possible routes
Route number: Allowed Prohibited

Figure B5: Possible routes for cyclists from the direction of the Jumbo

Europalaan (Mac)
Prohibited route to Tuunterstraag

laan
~ E'u:opﬂ
f"u’:a(

% :

Son
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<,
/ol)

2

o~

e Possible route

Figure B6: Possible routes cyclists from Handelscentrum

Tuunterstraat Tuunterstraat Tuunterstraat - Tuunterstra
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Europalaan (Mac)

.

60,01(, Tuunterstraat Tuunterstraat Tuunterstraat «Tuunterstra

\ . uunterstraat (wrong side)

LR
a.‘
=

nd point (Handelscentrum)|

<
.
pe 2
%

&) 216
= o)
Jumbo \

Figure B7: Possible routes for cyclists to Handelscentrum

10.3 Appendix C: Data collection results motorised traffic

Legend graphs:
To Europalaan (West)

To Europalaan (East)
To Tuunterstraat
To Handelscentrum
Figure C1: Colour scheme for all graphs in this appendix C
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Figure C2: Origin of motorised vehicles
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Destination of motorised vehicles
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Figure C3: Destination of motorised vehicles
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Figure C4: Route choice from motorised vehicles from the Europalaan (West)
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Figure C5: Route choice from motorised vehicles from the Europalaan (East)
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Figure C6: Route choice from motorised vehicles from the Tuunterstraat
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Figure C7: Route choice from motorised vehicles from the Handelscentrum
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Figure C8: Detailed route choice per 10 minutes (averages from days 1, 2 and 3) from
motorised vehicles from the Tuunterstraat
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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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18
16
14
o
212
g
S 10
s s
Es
P4
4
1 1111 [ 1
o | [ | | |
O 2 2 2 O o) O 2 2 ) 2 )
R B B ST T v S TR, T - R
BT T T e T ST A X 3
M Q Q Q Q I\ Q Q Q Q' Q N
SR SN LN -GN RN SN SN ¢ G S 2
N N N N N N N N N

Time

Europalaan (West) DA m Europalaan (East) DB

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

Legend graphs:

To Europalaan (West)

To Europalaan (East)

To Tuunterstraat

To Handelscentrum

To Tuunterstraat (wrong side)

To Europalaan (East, wrong side)
To Jumbo

To Handelscentrum (wrong side)

Figure D1: Colour scheme for all graphs in this appendix D
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Figure D2: Route choice from cyclists from the Tuunterstraat
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Figure D3: Route choice from cyclists from the wrong side of the Tuunterstraat
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Figure D9: Amount of cyclists going against the direction to the Tuunterstraat
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Figure D10: Amount of cyclists going against the direction from the Tuunterstraat
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Time CarSumA CarSumB CarSumC CarSumD TruckSumA TruckSumB

16:00-16:09 64 96 29 18 0

16:10-16:19 76 99 30 13 0

16:20-16:29 68 120 28 20 1

16:30-16:39 85 119 22 16 0

16:40-16:4% S0 111 25 15 0

16:50-16:59 86 101 24 17 1

17:00-17:09 -] 106 21 17 ]

17:10-17:19 5] 113 20 16 0

17:20-17:29 a9 87 23 15 0

17:30-17:39 81 69 23 11 0

17:40-17:4% 69 81 16 10 0

17:50-17:59 62 65 15 ] 1]

TotalA Totalg TotalC TotalD TotalAll RF_ab

16:00-16:09 64 96 2 18 207

16:10-16:19 76 101 30 13 220

16:20-16:29 69 121 28 20 239

16:30-16:39 85 120 22 16 243

16:40-16:4% S0 111 25 15 241

16:50-16:59 a7 102 24 17 228

17:00-17:09 90 107 21 17 234

17:10-17:19 85 114 20 16 235

17:20-17:2% S0 87 23 15 214

17:30-17:39 81 70 23 1 184

17:40-17:49 69 81 16 10 175

17:50-17:59 62 66 15 8 151
947 1176 278 173

TotalA per hour TotalB per hour TotalC per hour TotalD per hour

16:00-16:09 385 578 172 108

16:10-16:19 458 604 182 78

16:20-16:29 416 728 168 120

16:30-16:39 510 721 134 83

16:40-16:4% 541 668 152 87

16:50-18:59 519 611 146 99

17:00-17:09 537 640 128 ]

17:10-17:19 510 684 122 a3

17:20-17:29 538 520 140 &7

17:30-17:39 484 418 136 66

17:40-17:49 413 487 94 87

17:50-17:59 368 305 a2 48

Figure E1: Average intensities per 10 minutes and hour cars and trucks over days 1, 2 and 3

eyeSumEurelaan(West) Per hour CycSumTuunterstraat per hour CyeSumTuunterstraat{wreng side) per hour Cy del per hour Cy palaan (East) per hour CycSumlumbo per hour
30 48 2 36 46 38
50 28 2 26 28 34
34 45 4 16 32 52
B0 40 4 32 4 R
48 2 0 22 60 44
36 56 8 26 a4 66
46 34 4 48 % 62
74 40 4 28 52 50
k) 2 8 22 ] 50
38 46 10 12 18 40
38 24 2 42 10 46
£ 48 0 10 28 40

F

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

Count: 10/No Name |Link Volume(0-600) Volume(600-1200) Volume(1200-1800) Volume(1800-2400) Volume(2400-3000) Volume(3000-3600) Volume(3600-4200) Volume(4200-4800) Vc
11 1: AB (Europalaan mac - Europalaan) 385,0 458,0 4160 510,0 541,0 519,0 537,0 510,0
2 2 7: Tuunterstraat C - AB 172,0 182,0 168,0 134,0 152,0 146,0 128,0 122,0
EIE] 2: BA (Europalaan - Europalaan mac) 578,0 604,0 728,0 721,0 668,0 611,0 640,0 684,0
4 4 6: Handelscentrum 108,0 78,0 120,0 93,0 87,0 99,0 99,0 93,0
5 5 11: Cycle lane Europalaan West 50,0 50,0 54,0 60,0 48,0 56,0 46,0 74,0
6 6 4: Cycle lane Jumbo 380 34,0 52,0 34,0 44,0 66,0 62,0 50,0
7 7 16: Cycle lane Tuunterstraat (wrong si 20 20 4,0 40 00 80 4,0 40
8 8 13: Cycle lane Tuunterstraat 48,0 28,0 46,0 40,0 24,0 56,0 34,0 40,0
9 9 17: Cycle lane Europalaan East 46,0 28,0 320 44,0 60,0 44,0 26,0 52,0

10 10 25: Cycle lane Handelscentrum 360 26,0 160 320 220 260 46,0 280

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

TruckSumc TruckSumb RF_Car A RE_Tr_A RF_Car_B RF_Tr_B RF_Car C RE_Tr C RF_Car_D RD_Tr D

1 0 0 0,005 0,005" 0,993 0,007" 1,000 o,000" 1,000 0,000
1 0 0 1,000 0,000" 0,887 0,013" 0,989 0,011" 1,000 0,000
1 0 0 0,081 0,019" 0,989 0,011" 1,000 0,000" 1,000 0,000
1 0 0 1,000 0,000" 0,992 o,008” 1,000 o,000" 1,000 0,000
1 0 0 1,000 0,000" 0,994 0,006” 1,000 0.000" 1,000 0,000
1 0 0 0,002 0,008" 0,900 0,0107 1,000 0,000" 1,000 0,000
1 0 0 0,996 0,004" 0,994 0,008" 1,000 o,000" 1,000 0,000
1 0 0 0,996 0,004" 0,801 0,008" 1,000 0,000" 1,000 0,000
0 0 0 0,996 0,004" 1,000 0,000" 1,000 0,000” 1,000 0.000
1 0 0 1,000 0,000" 0,990 0,010” 1,000 0,000" 1,000 0,000
0 0 0 0,995 0,005" 0,996 0,004" 1,000 o,000" 1,000 0,000
1 0 0 1,000 0,000" 0,990 0,010" 1,000 0,000" 1,000 0,000

_ Figure E4: Mode__sblit cars“énd trucl;_é éverag_é per 10 ;ﬁihutes on -days 1,“2“and 3

47



FROM:

FROM:

FROM:

Europalaan

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

Motorised vehicles Mean StopDelay (s) Mean Number of vehicles (per 10 min.) [Fuel consumption

Europalaan (West) to Europalaan (East) (AB) 14 57,8 0,80
Europalaan (West) to Handelscentrum (AD) 23 8,6 0,20
Europalaan (West) to Tuunterstraat (AC) 47 12,4 0,58
Tuunterstraat to Europalaan (West) (CA) 12 17,6 0,22
Tuunterstraat to Europalaan(East) (CB) 5,9 59 0,35
Europalaan(East) to Handelscentrum (BD) 0,1 27 0,00
Europalaan(East) to Tuunterstraat (BC) 0,0 10,3 0,00
Europalaan(East) to Europalaan(West) (BA) 0,0 87,0 0,00
Handelscentrum to Europalaan(West) (DA) 04 12,0 0,04
Handelscentrum to Europalaan(East) (DB) 23 26 0,06
Sum of all traffic flows 18,3 2168 2,26

48

Count: 28 No Name Count: 2 VehType DesSpeedDistr RelFlow
1 1A16:00 1/100: Car  |40: 40 km/h 0,995
2l 2A16:10 2/200: HGV 40: 40 km/h 0,005
8 3 A16:20
4 4 A16:30
5 5 A 16:40
6 6A16:50
7 7A17:00
8 B8A17:10
9 9A17:20
10 10 A17:30
11 11 A17:40
12 12 A17:50
Figure E5: Mode split modelled in Vissim
RF_ab RF_ac RF_ad RF_ba RF_bc RF_bd RF_ca RF_cb RF_da RF_db
0,729 0,165 0,106 0,866 0,104 0,028 0,739 0,261 0,814
72,923 16,514 10,563 86,577 10,350 2,764 73,950 26,050 81,449
Figure E6: Route choice motorised traffic days 1, 2 and 3
]
RF 1 [AF 2a R 2b [rF 3a RF 3k RF_EuroiEast) Hand [RF_Euro(East) Hand [RF 4 RF 5 [rF 6a TR 6b [RF_Tuunt Hand [RF Tuunt Hane 1
0.305466238] 0.254019233) 0,028938907 0.170418006 0.118371061 0 0.127] 0.314] 0,546 0,066 0.022] 0,000 0,057
RF_41 RF RF 6ia T“i:‘ﬁ?m] :‘—"Jm. (wrong).| .ﬂammagumn RF_Hand_tuunt Rf,mm,sunrassuu RF_Hand_jumbo :‘r';. d_Jumbo
[ 0 [ 0,083333333] 0316565667 0459115457 0,000 0321 0.220) 0,000
R 7a RFS RF s RF_102 F_10 RF11s R L1t RF 12 [RF _Jumbo_Hand RF_Jumbo_Ha
[ETE=Im 5 0 g0s63003 u,ﬂmaﬂsﬁ} o, 33053535 Tonenizd (e 0135237 )| Tom n,rml
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Figure F2: Places and names of queues in current situation (Red = motorised traffic queues,
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Figure F2: Places and names of queues in VVN solution (Red = motorised traffic queues, Yellow
= Cyclists queues)
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Figure F3: Places and names of queues in Municipality solution (Red = motorised traffic queues,
Yellow = Cyclists queues)

Verification
Table F2: Verification input traffic

Motorised vehicles |Total vehicles generated|Total counted | Cyclists Total cyclists generated|Total counted
Europalaan(East) 1202 1176|Europalaan(East) 69 71
Handelscentrum 175 173|Handelscentrum 51 53
Tuunterstraat 283 278|Tuunterstraat 73 76
Europalaan(West) 949 947|Tuunt(wrong) 7 8

Europalaan(West) 101 104

Jumbo 91 93

Table F3 Verification of static routes motorised vehicles
Motorised vehicl Mean Number of vehicles (per 2 hour) |[Number of vehicles counted (per 2 hour)

Europalaan (West) to Europalaan (East) (AB) 693 690
Europalaan (West) to Handelscentrum (AD) 103 100
Europalaan (West) to Tuunterstraat (AC) 149 156
Tuunterstraat to Europalaan (West) (CA) 211 205
Tuunterstraat to Europalaan(East) (CB) 71 72
Europalaan(East) to Handelscentrum (BD) 32 33
Europalaan(East) to Tuunterstraat (BC) 123 122
Europalaan(East) to Europalaan(West) (BA) 1044 1018
Handelscentrum to Europalaan(West) (DA) 143 141
Handelscentrum to Europalaan(East) (DB) 32 32
Sum of all traffic flows 2602 2569

Table F4: Verification of static routes cyclists
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Validation

Cyclists

Mean Number of cyclists (per 2 hour)

Number of cyclistst counted

Jumbo to Europalaan(East) (10a) 10 12
Jumbo to Handelscentrum 6 8|
Jumbo to Tuunterstraat (11a) 25 25
Jumbo to Tuunterstraat(wrong) (11b) 18 17
Jumbo_Europalaan(West) (12) 30 30
Europalaan(West) to Jumbo (1) 31 32]
Europalaan(West) to Europalaan(East) (2a) 25 26
Europalaan(West) to Tuunterstraat (3a) 12 18
Europalaan(West) to Tuunt(wrong) (3b) 17 12
Europalaan(West) to Handelscentrum 12 13
Europalaan(East) to Tuunterstraat (7a) 43 15
Europalaan(East) to Europalaan(West) (8) 43 43
Europalaan(East) to Jumbo (9) 11 13|
Handelscentrum to Tuunterstraat 23 24
Handelscentrum to Europalaan(West) 18 17
Handelscentrum to Jumbo 10 12|
Tuunterstraat to Handelscentrum 4 4
Tuunterstraat to Europalaan(West) (4) 21 24
Tuunterstraat to Jumbo (5) 41 42
Tuunterstraat to Europalaan(East) (6a) 5 5
Tuunterstraat(Wrong) to Handelscentrum 7 7
Tuunt to Europalaan(East(wrong)) (6b) 1 2
Sum of all cyclists flows 412 401
Time CarSumA CarSumB CarsumC CarSumD T Ti T
16:00-16:09 76,5 111,5 22,5 19,5 0 0,5 0 0
16:10-16:19 74,5 96 22,5 13,5 1 0,5 0,0 0
16:20-16:29 71 110 21 14 0 15 0 0
16:30-16:39 80,5 105 27 20 0,5 15 0 0
16:40-16:49 85,5 120 22,5 11,5 1 15 0 0
16:50-16:59 93,5 116 24 14,5 0 0,5 0 0
17:00-17:09 81,5 110 22 14,5 0 1 0 0
17:10-17:19 82,5 123,5 31 18 0 0 0 0
17:20-17:29 79,5 89,5 18,5 18 1 0,5 0 0
17:30-17:39 81 85 23,5 14,5 0 0,5 0 0
17:40-17:49 80 83,5 18 10 0 0 0 0
17:50-17:59 66 73,5 18,5 9,5 0 1 0 0
TotalA TotalB TotalC TotalD TotalAll RF_ab RF_ac RF_ad
16:00-16:09 76,5 112 22,5 19,5 231 0,741 0,165 0,094
16:10-16:19 75,5 96,5 22,5 13,5 208
16:20-16:29 71 111,5 21 14 218
16:30-16:39 81 106,5 27 20 235
16:40-16:49 86,5 121,5 22,5 11,5 242
16:50-16:59 93,5 116,5 24 14,5 249
17:00-17:09 81,5 111 22 14,5 229
17:10-17:19 82,5 1235 31 18 255
17:20-17:29 80,5 90 18,5 18 207
17:30-17:39 81 85,5 23,5 14,5 205
17:40-17:49 80 83,5 18 10 192
17:50-17:59 66 74,5 18,5 9,5 169
2636,5
TotalA per hour TotalB per hour TotalC per hour TotalD per hour
16:00-16:09 459 672 135 117
16:10-16:19 453 579 135 81
16:20-16:29 426 669 126 84
16:30-16:39 486 639 162 120
16:40-16:49 519 729 135 69
16:50-16:59 561 699 144 87
17:00-17:09 489 666 132 87
17:10-17:19 495 741 186 108
17:20-17:29 483 540 111 108
17:30-17:39 486 513 141 87
17:40-17:49 480 501 108 60
17:50-17:59 396 447 111 57

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

RF_Car_A RE_TrA RF_Car_B RF_Tr_B RF_Car_C RE_Tr_C RF_Car_D RD_Tr_D
1,000 0,000” 0,996 0,004" 1,000 0,000" 1,000 0,000
0,087 0,013” 0,995 0,005" 1,000 0,000” 1,000 0,000
1,000 0,000” 0,987 0,013" 1,000 0,000” 1,000 0,000
0,994 0,006” 0,986 0,014 1,000 0,000” 1,000 0,000
0,988 0,012” 0,988 0,012" 1,000 0,000” 1,000 0,000
1,000 0,000” 0,996 0,004" 1,000 0,000" 1,000 0,000
1,000 0,000” 0,991 0,009” 1,000 0,000” 1,000 0,000
1,000 0,000” 1,000 0,000" 1,000 0,000” 1,000 0,000
0,988 0,012" 0,994 0,006" 1,000 0,000” 1,000 0,000
1,000 0,000” 0,994 0,008" 1,000 0,000” 1,000 0,000
1,000 0,000” 1,000 0,000" 1,000 0,000" 1,000 0,000
1,000 0,000” 0,987 0,0137 1,000 0,000” 1,000 0,000

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

RF_ab RF_ac RF_ad RF_bha RF_bc RF_bd RF_ca RF_cb RF_da RF_db
0,741 0,165 0,094 0,852 0,121 0,024 0,790 0,210 0,823 0,177

Figure F7: Route choice motorised traffic days 4 and 5

FROM (West) | |

RF_1 RF2a  |RF2b | [rF_ab [RF_Euro(Mac) Hand [RF_Eure(Mac) Hu\vL|RF,4 [rFs RF_6a RF_6b [RF_Tuunt_Hand [RF Tuunt Hand |

0,306859] 0,256318 0,014440433] 0,21298639 0104693141 o 0,105] 0,300] 0,498 0,079 0,026 0,000 0,097|
FROM side)

RF_41 RF.51  |RF_6la RF_61b [RF_ _Hand _|RF_Hand_tuunt RF_Hand_tuunt RF_hand_EU(Mac) |RF_Hand_lumbo RF_Hand_Jumbo.

0 of 0 0.090909091 D | 0,484615385 0,000 0,323 0.192 0,000
RF 7a RF_7b RF & RF 9 RF_10a [RF_100 RF_11a RF_11b RF_12 RF_Jumbo_Hand RF_Jumbo_Hand |
0.25 n}‘ 0.5625] 0.1875 0.208510638] 0 0.272340426 0.170212766 0.34893617 0,030 0,021

FROM: | Jumbo |

Figure F8: Route choice cyclists days 4 and 5

Tables F5 and F6: Mean and peak queue lengths of motorised vehicles and cyclists

Motorised vehicles

Mean queue lenght (m

Queue lenght max (m) | Cyclists [ Mean queue lenght (%) Queue lenght max (%)
150,3 (100%), Jumbo o) 0]

Europalaan(West_

18,1 (87%)

32,9 (121%) Europalaan(West) to Tuunt(Wrong) 0,5 (121%) 25,3 (102%),
C_ACD 0,0 (105%) 28,5 (102%) Tuunt(Wrong) 0,0 (100%) 2,6 (90%)
A_BD 0.4 (92%) 64,2 (74%) T 0 0
D_AB 0,0 (89% 18,2 (108%) Europalaan_Handelscentrum 0 0
oerence o o) I wamm) (s 7] o

Motorised vehicles
Europalaan (West) to Europalaan (East) (AB)
Europalaan (West) to Handelscentrum (AD)
Europalaan (West) to Tuunterstraat (AC)
Tuunterstraat to Europalaan (West) (CA)
Tuunterstraat to Europalaan(East) (CB)
Europalaan(East) to Handelscentrum (BD)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(East) to Europalaan(West) (BA)
Difference in total (%)

Mean travel time (%) | Travel time peak (%) |Mean delay (%) |Peak delay (%)
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Cyclists Mean travel time (%) | Travel time peak (%) |Mean delay (%) Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)

Jumbo to Tuunterstraat(wrong) (11b)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Tuunt(wrong) (3b)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Tuunterstraat(Wrong) to Handelscentrum
Tuunt to Europalaan(East_wrong) (6b)
Sum of all cyclists flows

Figure F9: Travel time and delay results cyclists and motorised traffic extreme condition 5 km/h
test current situation

Motorised vehicles Mean travel time (%) [Travel time peak (%) |Mean delay (%) |Peak delay (%)
Europalaan (West) to Europalaan (East) (AB)
Europalaan (West) to Handelscentrum (AD)
Europalaan (West) to Tuunterstraat (AC)
Tuunterstraat to Europalaan (West) (CA)
Tuunterstraat to Europalaan(East) (CB)
Europalaan(East) to Handelscentrum (BD)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(East) to Europalaan(West) (BA)
Difference in total (%)

Cyclists Mean travel time (%) Travel time peak (%) Mean delay (%) |Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)

Jumbo to Tuunterstraat(wrong) (11b)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Tuunt(wrong) (3b)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Tuunterstraat(Wrong) to Handelscentrum
Tuunt to Europalaan(East_wrong) (6b)
Sum of all cyclists flows

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
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Figure H2: Input route choices cyclists in Vissim VVN solution

10.8 Appendix [: Input data Municipality proposed solution model

Time

16:00-16:0
16:10-16:1
16:20-16:2
16:30-16:3
16:40-16:4
16:50-16:5
17:00-17:0
17:10-17:1
17:20-17:2
17:30-17:3
17:40-17:4
17:50-17:5

16:00-16:0
16:10-16:1
16:20-16:2
16:30-16:3
16:40-16:4
16:50-16:5
17:00-17:0
17:10-17:1
17:20-17:2
17:30-17:3
17:40-17:4
17:50-17:5

16:00-16:0
16:10-16:1
16:20-16:2
16:30-16:3
16:40-16:4
16:50-16:5
17:00-17:0
17:10-17:1
17:20-17:2
17:30-17:3
17:40-17:4
17:50-17:5

CarSumA

64
76
68
85
90
86
89
85
89
81
69
62

CarSumB

TotalB

64
76
69
85
90
87
90
85
90
81
69
62

385
458
416
510
541
519
537
510
538
484
413
369

CarsumC
94
93
116
116
110
97
104
109
84
69
79
64
TotalC
94
95
117
117
110
98
105
110
84
69
80
64

566
568
704
700
662
590
628
660
502
416
478
386

29
30
28
22
25
24
21
20
23
23
16
15

29
30
28
22
25
24
21
20
23
23
16
15

172
182
168
134
152
146
128
122
140
136

94

92

CarsumD

TotalD

T T T D
15 0 1 0 0
12 0 1 0 0
16 1 1 0 0
12 0 1 0 0
12 0 1 0 0
14 1 1 0 0
15 0 1 0 0
12 0 1 0 0
13 0 0 0 0
8 0 1 0 0
6 0 0 0 0
7 0 1 0 0
TotalAll RF_ab RF_ac RF_ad
15 202 0,729 0,165 0,106
12 213 72,923 16,514 10,563
16 231
12 236
12 238
14 223
15 231
12 227
13 210
8 181
6 170
7 148

TotalA per hour TotalB per hour TotalC per hour TotalD per hour

90
69
96
72
72
84
90
72
78
48
33
39

Figure 11: Intensities motorised traffic per 10 minutes and per hour, input Municipality solution
model
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FROM:

FROM:

FROM:

RF Car A RF.Tr A RF CarB RF.TrB

RF Car C RF.Tr.C

0,995 0,005 0993 0007 1,000  0000° 1,000
1,000 0,000" 0,986 0,014” 0,989 0,011" 1,000
0,981 0,018 0,989 0,011 1,000 0,000” 1,000
1,000 0,000" 0,991 0,000" 1,000 0,000” 1,000
1,000 0,000" 0,994 0,006" 1,000 0,000” 1,000
0,992 0,008" 0,990 0,010" 1,000 0,0007 1,000
0,996 0,004” 0994 0,008 1,000 0,0007 1,000
0,996 0,004 0,991 0,000" 1,000 0,000” 1,000
0,996 0,004 1,000 0,000" 1,000 0,000” 1,000
1,000 0,000” 0,990 0,010" 1,000 0,000” 1,000
0,995 0,005" 0,99 0,004” 1,000 0,0007 1,000
1.000 0.000”  0.990 0.010”  1.000 0.000"  1.000

RF_Car D RD_Tr D

0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0.000

Figure 12: Mode split motorised traffic per 10 minutes, input Municipality solution model

RF_ab RF _ac
0,729

RF_ad

0,165 0,106

RF_ba
0,890

RF_bc
0,1

RF_bd
0,000
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10 0,739

RF_cb

RF_da
1,000

RF_db

0,261 0,000

Figure 13: Route choice motorised traffic, input Municipality solution model

cycSumEurolaan(West) Per hour CycSumTuunterstraat per hour GycSumTuunterstraat(wrong side) per hour CycSumHandelscentrum per hour GycSumEuropalaan (East) per hour GycSumjumbo per hour

50 50
50 30
54 50
60 44
48 24
56 64
46 38
74 44
54 32
58 56
38 26
34 48

0 36
26
16
32
22
26
46
28
22
12
42
10

©ooooooooooo

46 38
28 34
32 52
44 34
60 44
44 66
26 62
52 50
38 50
18 40
10 46
28 40

Figure 14: Input cyclists' intensities per hour in the Vissim Municipality solution

RE1  [RF2a RF 25 [rF 3a | G RF_Euro(West) Hand RF_Euro(West) HandRF 4 RF 5 [rF 6a [RF 6b RF Tuunt Hand [RF Tuunt Hand
0.305466] a 0,282958193) 0,263389066 0.122] 0285 0.434] m@‘ 0,079 0.000] 0,047
REal [fF st A 612 RF 610 RF Tountiwiong) Hand _|RF Hand tuant RF Hand wunt__[RF hand EU(Westl]RF Hond Jumbo [RF Fand Jumbo
of of o o 0,459119497 0,000 0,321 0.220] c,vo%
RF_7a |?F b RF 8 RF 9 RF_10a RF_10b RF_1la RF 11b RF 12 |RF Jumbo_Hand IRF_Jumbo_Hand
0.215062 [ 0,605633803) 0.178403756] [l 0,136690647 0,45323741 o 0,327338129] 0,000] 0,083
Europalaan Jumbo |

Figure 15: Input route choices cyclists in Vissim Municipality solution

10.9 Appendix J: Results VVN proposed solution

Motorised vehicles Mean StopDelay (s) Mean Number of vehicles (per 10 miFuel consumption (L/run)
Europalaan (West) to Europalaan (East) (AB) 1,4 (95%) 57,8 (100%) 0,80 (95%)
Europalaan (West) to Handelscentrum (AD) 2,3 (95%) 8,5 (100%) 0,20 (95%)
Europalaan (West) to Tuunterstraat (AC) 4.7 (94%) 12,4 (100%) 0,58 (94%)
Tuunterstraat to Europalaan (West) (CA) 1,2 (96%) 17,6 (100%) 0,22 (96%)
Tuunterstraat to Europalaan(East) (CB) 5,9 (104%) 5,9 (100%) 0,35 (104%)
Europalaan(East) to Handelscentrum (BD) 2,7 (100%)

Europalaan(East) to Tuunterstraat (BC) 10,3 (100%) 0,00 (109%)
Europalaan(East) to Europalaan(West) (BA) 87,0 (100%)

Handelscentrum to Europalaan(West) (DA) 0,4 (70%) 12,0 (100%) 0,04 (70%))]
Handelscentrum to Europalaan(East) (DB) 2,3 (104%) 2,6 (100%) 0,06 (104%)
Sum of all traffic flows 18,3 (98%) 216,8 (100%) 2,26 (96%)

Figure J1: Fuel consumption calculation VVN proposed solution
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Cyclists |Mean queue lenght (m) |Queue lenght max (m)|
Jumbo crossing 0,0 0,0
Europalaan(West) crossing

Tuunterstraat 0,0 3,3
Europalaan to Handelscentrum 0,0 1,9
New passing to Tuunterstraat 0,0 0,0
Tuunterstraat to New passing 0,0 0,0
Handelscentrum 0,0 0,0
Handelscentrum to Europalaan 0,0 0,0
New passing to Handelscentrum 0,0 2,5
SUM 0,0 20,1

Figure J2: Mean and max queue lengths cyclists VVN proposed solution

10.10 Appendix K: Results Municipality proposed solution

Motorised vehicles

[Mean StopDelay (s)

[Mean Number of vehicles (per 10 min.) [Fuel consumption (L/run) |

Europalaan (West) to Europalaan (East) (AB) 1,4 (96%) 57,0 (99%) 0,79 (94%)
Europalaan (West) to Handelscentrum (AD) 8,8 (102%)
Europalaan (West) to Tuunterstraat (AC) 4,1 (81%) 13,0 (105%) 0,53 (85%)
Tuunterstraat to Europalaan (West) (CA) 1,5 (113%) 17,6 (100%) 0,26 (113%)
Tuunterstraat to Europalaan(East) (CB) 6,1 (108%) 5,9 (100%) 0,36 (108%)
Europalaan(East) to Tuunterstraat (BC) 0,0 (62%) 10,5 (103%) 0,00 (64%)
Europalaan(East) to Europalaan(West) (BA) 86,3 (99%)
Handelscentrum to Europalaan(West) (DA) 11,7 (97%)
Sum of all traffic flows 19,0 (102%) 210,7 (98%) 2,51 (107%)

Figure K1: Fuel consumption calculation Municipality proposed solution

Motorised vehicles

Mean queue lenght (m) |Queue lenght max (m)

A_BCD 2.7 (134%) 123,5 (82%)
B_AC 10,0 (86%)
C_AB

New passage 0,0 47
New passage 0,0 7.3
Tuunterstraat to New passage 0,0 23,7
New passage to Tuunterstraat 0,2 22,5
Difference in total (%) 3,032 (118%) 216,4 (67%)

Figure K2

: Mean and max queue lengths motorised traffic Municipality proposed solution
Cyclists Mean queue lenght (m) |Queue lenght max (m)
Jumbo crossing 0,0 3,9
Europalaan(West) crossing 0,1 (98%) 14,8 (71%)
Tuunterstraat 0,0 0,0
Handelscentrum 0,0 37
New passage 0,0 26
New passage 0,0 0,0

Sum

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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Motorised vehicles Total vehicles generated per run |Total counted |Cyclists Total cyclists generated |Total counted
Europalaan(East) 1202 1176|Europalaan(East) 69 71
Handelscentrum 175 173|Handelscentrum 51 53
Tuunterstraat 444 278|Tuunterstraat 82 84
Europalaan(West) 704 947|Tuunt(wrong) 0 0
Europalaan(West) 101 104
Jumbo 91 93
Figure L1: Verification generated vehicles VVN proposed solution motorised vehicles and
cyclists
Validation
Motorised vehicles Mean travel time (%) | Travel time peak (%) |Mean delay (%)\Peak delay (%)|
Europalaan (West) to Europalaan (East) (AB) 100 119 100 138
Europalaan (West) to Handelscentrum (AD) 102 130 17
Europalaan (West) to Tuunterstraat (AC) 102 115 110 133
Tuunterstraat to Europalaan (West) (CA) 102 105 115 114
Tuunterstraat to Europalaan(East) (CB) 101 87 106 80
Europalaan(East) to Handelscentrum (BD) 100 94 78
Europalaan(East) to Tuunterstraat (BC) 100 94 101
Europalaan(East) to Europalaan(West) (BA) 101 101 115 105
Handelscentrum to Europalaan(West) (DA) 100 96 95 78
Handelscentrum to Europalaan(East) (DB) 99 91 94 86
Sum of all traffic flows 101 105 106 113

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

Figure

Cyclists Mean travel time (%) | Travel time peak (%) Mean delay (%) |Peak Delay (%
Jumbo to Europalaan(East) (10a) 101 99 68! 64|
Jumbo to Handelscentrum 103 94 131 125
Jumbo to Tuunterstraat (11a) 100 101 97 121
Jumbo_Europalaan(West) (12) 100 102 104 97
Europalaan(West) to Jumbo (1) 100 65 103
Europalaan(West) to Europalaan(East) (2a) 101 92 112 94
Europalaan(West) to Tuunterstraat (3a) 100 86 83 66!
Europalaan(West) to Handelscentrum 100 97 123 115
Europalaan(East) to Tuunterstraat (7a) 100

Europalaan(East) to Europalaan(West) (8) 100

Europalaan(East) to Jumbo (9) 99

Handelscentrum to Tuunterstraat 100

Handelscentrum to Europalaan(West) 101

Handelscentrum to Jumbo 101

Tuunterstraat to Handelscentrum 100

Tuunterstraat to Europalaan(West) (4) 100

Tuunterstraat to Jumbo (5) 102

Tuunterstraat to Europalaan(East) (6a) 100

Difference in total (%) 86 86 111 111

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

Motorised vehicles
Europalaan (West) to Europalaan (East) (AB)

Mean travel time (%) | Travel time peak (%) [Mean delay (%) |Peak delay (%)

Europalaan (West) to Handelscentrum (AD)

Europalaan (West) to Tuunterstraat (AC)

Tuunterstraat to Europalaan (West) (CA)

Tuunterstraat to Europalaan(East) (CB)

Europalaan(East) to Handelscentrum (BD)

Europalaan(East) to Tuunterstraat (BC)

Europalaan(East) to Europalaan(West) (BA)

Handelscentrum to Europalaan(West) (DA)

Handelscentrum to Europalaan(East) (DB)

Difference in total (%)

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

solution
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Cyclists Mean travel time (%) Travel time peak (%) |Mean delay (%) \Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Difference in total (%)

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

Motorised vehicles Mean travel time (%) | Travel time peak (%) |Mean delay (%) |Peak delay (%)
Europalaan (West) to Europalaan (East) (AB)
Europalaan (West) to Handelscentrum (AD)
Europalaan (West) to Tuunterstraat (AC)
Tuunterstraat to Europalaan (West) (CA)
Tuunterstraat to Europalaan(East) (CB)
Europalaan(East) to Handelscentrum (BD)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(East) to Europalaan(West) (BA)
Handelscentrum to Europalaan(West) (DA)
Handelscentrum to Europalaan(East) (DB)
Difference in total (%)

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

Cyclists Mean travel time (%) [Travel time peak (%) [Mean delay (%)[Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Difference in total (%)

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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Motorised vehicles [Total vehicles generated per run |Total counted |Cyclists Total cyclists generated |Total counted
Europalaan(East) 1163,6 1143|Europalaan(East) 68,9 71
Handelscentrum 140 141|Handelscentrum 50,8 53
Tuunterstraat 282,7 278|Tuunterstraat 82,4 84
Europalaan(West) 949,1 947|Tuunt(wrong) 0 0
Europalaan(West) 101,1 104
Jumbo 90,5 93
Figure M1: Verification generated vehicles VVN proposed solution motorised vehicles and
cyclists
Validation
Motorised vehicles Mean travel time (%) |Travel time peak (%) [Mean delay (%) |Peak delay (%)
Europalaan (West) to Europalaan (East) (AB) 102 105 111 111
Europalaan (West) to Handelscentrum (AD) 103 112 118 123
Europalaan (West) to Tuunterstraat (AC) 104 119 117 139
Tuunterstraat to Europalaan (West) (CA) 103 105 116 109
Tuunterstraat to Europalaan(East) (CB) 103
Europalaan(East) to Tuunterstraat (BC) 101
Europalaan(East) to Europalaan(West) (BA) 102
Handelscentrum to Europalaan(\West) (DA) 103
Difference in total (%) 103
Figure M2: Validation travel time and delay results motorised vehicles Municipality solution day
4and 5
Cyclists Mean travel time (%) |Travel time peak (%) |Mean delay (%) |Peak Delay (%)
Jumbo to Europalaan(East) (10a) 101 100 110 110
Jumbo to Handelscentrum 59 100 90 79
Jumbo to Tuunterstraat (11a) 101 101
Jumbo_Europalaan(West) (12) 105 137
Europalaan(West) to Jumbo (1) 103 99
Europalaan(West) to Europalaan(East) (2a) 100 96
Europalaan(West) to Tuunterstraat (3a) 100 100
Europalaan(West) to Handelscentrum 100 101
Europalaan(East) to Tuunterstraat (7a) 98 91
Europalaan(East) to Europalaan(West) (8) 100 102
Europalaan(East) to Jumbo (9) 101 98
Handelscentrum to Tuunterstraat 59 90
Handelscentrum to Europalaan(West) 100 109
Handelscentrum to Jumbo 101 96
Tuunterstraat to Handelscentrum 100 87
Tuunterstraat to Europalaan(West) (4) 101 100
Tuunterstraat to Jumbo (5) 101 108
Tuunterstraat to Europalaan(East) (6a) 100 100
Difference in total (%) 100 101 109 g5

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

Motorised vehicles Mean travel time (%) |Travel time peak (%) |Mean delay (%) |Peak delay (%)
Europalaan (West) to Europalaan (East) (AB)
Europalaan (West) to Handelscentrum (AD)
Europalaan (West) to Tuunterstraat (AC)
Tuunterstraat to Europalaan (West) (CA)
Tuunterstraat to Europalaan(East) (CB)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(East) to Europalaan(West) (BA)
Handelscentrum to Europalaan(West) (DA)
Difference in total (%)

Figure M4: Extreme scenario test 5 km/h travel time and delay results motorised vehicles
Municipality solution
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Cyclists Mean travel time (%) Travel time peak (%) Mean delay (%) Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Difference in total (%)

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

Motorised vehicles Mean travel time (%) |Travel time peak (%)Mean delay (%) |Peak delay (%)
Europalaan (West) to Europalaan (East) (AB)
Europalaan (West) to Handelscentrum (AD)
Europalaan (West) to Tuunterstraat (AC)
Tuunterstraat to Europalaan (West) (CA)
Tuunterstraat to Europalaan(East) (CB)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(East) to Europalaan(West) (BA)
Handelscentrum to Europalaan(West) (DA)
Difference in total (%)

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

Cyclists Mean travel time (%) Travel time peak (%)Mean delay (%)Peak Delay (%)
Jumbo to Europalaan(East) (10a)

Jumbo to Handelscentrum

Jumbo to Tuunterstraat (11a)
Jumbo_Europalaan(West) (12)
Europalaan(West) to Jumbo (1)
Europalaan(West) to Europalaan(East) (2a)
Europalaan(West) to Tuunterstraat (3a)
Europalaan(West) to Handelscentrum
Europalaan(East) to Tuunterstraat (7a)
Europalaan(East) to Europalaan(West) (8)
Europalaan(East) to Jumbo (9)
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(West)
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(West) (4)
Tuunterstraat to Jumbo (5)

Tuunterstraat to Europalaan(East) (6a)
Difference in total (%)

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

Motorised vehicles Mean travel time (] | Travel time peak (<] |Mean delay (3] | Peak delay [><)| Fuel consumption (<)
Europalaan [West] ta Furopalaan (East) (AF]
Europalaan [West] to Handelzcentrum [AD)
Europalaan [Westl to Tuunterstraat (AC]

Tuunterstraat to Europalaan [west] (CA]

| Tuunterstraat to Europalaan(East) (CE] 126
Europalaan(East] to Handelscentrum [ED] 100
Europalaan(East] to Tuunterstrast (BC) 38
Europalaan(East] to Europalaan(est] [BA] 32
| Harndelscentrum to Europalaan('west] (DA 01
| Handelscentum to Europalaan(East) (DE) 100
Sium of all traffic flows 15

Cyclists Mean travel time (] | Travel time peak (3]
Jumbeo to EuropalzaniEast) (102) 101 100
Jumbo o Handelscentrum 103
Jumbi ta Tuunterstraat [11a) 104

Jumbo_Europalaaniw'est] (12] 114
Europalaanl'+est] ta Jumba (1] 108
Europalaanl'»est] to EuropalaanlEast] [(Za] o7
Europalaanlisw'est] to Tuunterstraat [3a) 101
Europalaanl'west] to Handelscentrum 00
Europalaan(East) ta Tuunterstraat [Ta) ba =}

EuropalazanlEast) to Europalaanest] (5] 00
Europalaan(East) ta Jumbo [3] o7
Handelscentrum to Tuunterstraat 100
Hardelscentrum to Europalaan(i'est] 00
Handelszentrum to Jumnbo 106
Tuunterstraat to Handelscentrum 100

Tuunterstraat to Europalaani-'est] (4] 01
Tuunterstraat to Jumba 5] 104
Tuunterstrast to EuropalzaniEast] (Gal 101
Sum of all cuclists Haws 102
Figure N1: Current situation +20% volume increase compared to the current situation without an
increase

Motorised vehicles Mean travel time (%] [ Travel time peak [32) |Mean delay [>2)| Peak delay [32)| Fuel consumption (3]
Eurapalaan [west] to Europalaan (East] (4]
Europalaan ['west) to Handelscentrum [AD)
Europalaan ['wWest] to Tuunterstraat [AC)

Tuunterstraat to Europalaan West] [CA)

| Tuurterstraat to Europalaan(East) (CB]
Europalaan(East) to Handelscentrum (BO)

Europalas t) o Tuunterstrast (BC]

Eurcpalaan(East) to Europalaan(iest] (BA)

| Hardelzcentrum to Europalaanii'est] (DA 104
| Handelscentrum to Europalaan(East) (OE] 01
Sumn of all traffic flows 1d

Cyclists

Jumbo ta Europalaan(East) (10a)

Jumba ta Handelscentrum

Jumbo to Tuunterstraat [11a)
Jumbe_Europalaaniirest] (12)
Europalaan(west) to Jumba [1)
Europalaan('»est] to Europalsan(East] (2a)
Europalaan(west ta Tuunterstraat [3al
Europalaan('west] to Handelscentrum
Europalaan(East] to Tuunterstraat [Ta)
Europalaan(East] ta Eurapalaaniisest) (5]
Eurcpalaan(East) to Jumbe (3)
Handelscentrum to Tuunterstrast
Hardelscentum to Europalaan(is'est)
Handelscentum ta Jumbo

Tuunterstraat to Handelseentrum
Tuunterstraat to EuropalaaniWestl (4)
Tuunterstraat to Jumbao [5)

Tuunterstraat to Europalaan(East (Ga)
Sum of all cyclists flows

Figure N2: VVN solution +20% volume increase compared to the current situation without an
increase
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Motorised vehicles Mean travel time (3] | Travel time peak (3] |Mean delay [>2)| Peak delay [>2)] Fuel consumption [32)
Europalaan [west] to Europalaan [East] (AB]
Europalaan ['wWest] to Handelscentrum (A0)
Europalaan [west] to Tuunterstraat [AC]
Tuunterstraat to Europalaan [West) [CA]
[ Tuunterstraat to Europalaan{East] (CE)
Europalaan(East] to Tuunterstraat (BC)
EuropalaaniEast] to Europalaani''est] (BA]
Handelscentrum to Europalaan(iest] [OA]

Sum of all traffic flows

Cuclists

Jumbo to EuropalaznlEast) (10a]

dumbo to Handelscentrum

Jumbota Tuunterstraat [11a)
Jumbo_Europalaanlisest] (12]
Europalaanl'sest] to Jumba (1]
Europalaanl's'est] to Europalaan(East] [2a)
Eurapalaanliv'est] to Tuunterstraat (3a)
Eurapalaanl'est] to Handelscentum
EurapalaanlEast) to Tuunterstraat [Ta)
EuropalaanlEast] ta Europalaanlwest] (8]
EuropalaanlEast] ta Jumba [3)
Handelscentrum to Tuunterstraat
Handelscentrum to Eurapalaan('w'est]
Handelszentrum ta Jumba

Tuunterstraat to Handelscentrum
Tuunterstrast bo Europalaani'est) (4]
Tuurterstraat to Jumba (5]

Tuurterstraat to Europalaan(East) (Ba)
Sium of all cuclists lows

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

Motorised vehicles Mean travel time [3£] | Travel time peak (3] |Mean delay (]| Peak delay ()] Fuel consumption [>]
Europalaan [west] to Europalaan [Eazt] [AB]
Europalaan [west] to Handelscentrum [AD)
Europalaan [west] to Tuunterstraat [AC]

Tuurterstraat to Europalaan (West] [CA)

| Tuunterstraat to Europalaan(East] (CE)
Europalaat t) ta Handelscentrum (BO)
Europalaan(East] to Tuunterstraat [BC)
EuropalaaniEast] to Europalaani'est] (BA]

| Handelscentrum to Europalasn(west] (04)

Handelscentrum to Europalasn(East) (OB]

Sumn of all traffic flows

Cyclists

Jumba to Europalaan(East) (10a)
Jumba bo Handelscentium
Jumbo to Tuunterstraat [11a)

Jumbo_Europalasniiwestl [12]
Eurcpalaanii»est] ta Jumbo (1)
Eurcpalaanliwest] to Europalaan(East) [2a]
Eurcpalaaniwiest] to Tuunterstraat [3a)

Europalaan(iwest] 1o Handelscentrum
EurcpalaaniEast] ta Tuunterstraat [Ta)
EurcpalaanlEast] ta Europalaanli-'est] (3]
EuropalaaniEazt to Jumbo (3]
Handelscentrum to Tuunterstraat
Handelscentrum to Europalaan(iv'e st
Handelscentrum ta Jumba
Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaan(isest] (4]
Tuunkerstraat to Jumbeo (5]
Tuunterstraat to Europalasn(East) (Ba)

Sium of all cuclists flows

Figure N4: Current situation +50% volume increase compared to the current situation without an
increase
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Motorised vehicles Mean travel time (] | Travel time peak (2] |Mean delay [>2)|Peak delay [32)] Fuel consumption (]
Eurcpalaan ['West) ta Europalaan (East) (AE]
Europalaan ['West) to Handelscentrum (A0)
Europalaan [west] to Tuunterstraat [AC)
Tuunterstraat to Europalaan Mwest] (CA)
| Tuunterstrast to Europalaan(East) (CE)
Europalaan(East] to Handelzcentrum (B0)
Europalaan(East) to Tuunterstraat (BC)
Europalaan(Fast] ta Furapalaanlisiest] [BA)
| Handelscentrum to Europalaaniwest] (04)
Handelscentrum to Europalaan(East) (O]
Sumn of all traffic flows

Cyclists Mean ravel time [#)
Jumbo to Europalaan(East) (10a) 00
Jumbea to Handelscentrum 104

Jumbo to Tuunterstraat [11a]
Jumbo_Europalaaniestl (121
Europalaanlwestlto Jumba (1)
Eurcpalaaniwestlto Eurcpalaan(East) (22]
Europalaaniiest) to Tuunterstraat [3a)
Europalaan(iest] to Handelscentrum
Europalaan(East) o Tuunterstraat [Tal
EurcpalaaniEast) to Europalaanvest) (5]
Europalaan(East] to Jumba (3]
Handelszentrum ta Tuunterstraat
Handelscentrum ta Europalaaniwest]
Handelszentrum ta Jumbe

Tuunterstraat to Handelseentrum
Tuunterstraat to Europalaanlisest] (4]
Tuunterstraat bo Jumbo [5)

Tuunterstraat to EuropalaanlEazt] (Ba)
Sum of all suclists Hows

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

Motorised vehicles Mean travel time (] | Travel time peak [>2) |Mean delay (3] |Peak delay [><)| Fuel consumption (<)
Europalaan [West] to Europalaan [East] [AB]

Europalaan [west] to Handelsoentrum [A0)

Tuunterstrast to Europalaan(East) [CE]

Europalaan(East] to Tuunterstraat (BC)

Europalaan(East] to Europalaan('west] [BA]

Handelscentrum to Europalaan(west) [OA]

Sum of all traffic flows

Cyclists

Jumbo to Europalaan(East) (10a)
Jumboto Handelscentrum

Jumba ko Tuunterstraat (11a)
Jumbo_Europalaan(west [12]
Europalaanl's'estl to Jumba (1)
Europalaanl~est] o EuropalaaniEast] [2a)
Europalaanli«est] o Tuunterstraat [3a)
Europalaanl'vwest) to Handelscentrum
EurapalaaniEast) to Tuunterstraat [7a)
EuropalaanlEast] to Europalaan('west] [5)
EwropalaaniEast) to Jumba (91
Handelszentrum ta Tuunterstraat
Handelszentrum to Europalaan('west]
Handelscentrum ta Jumbe

Tuurterstraat to Handelzcentrum
Tuunterstraat to Europalaanliwest) (4]
Tuurterstraat bo Jumbo (5]

Tuunterstrast o EuropalaaniEazt) (Ba)
Sum of all cuclists flows

Figure N6: Municipality solution +50% volume increase compared to the current situation
without an increase

Motorised vehicles Mean travel time () | Travel time peak [ Peak delay Fuel consumption (5]
Eurcpalaan [West) ta Eurapalaan (East) (4F) 37 El

Europalaan ['west] to Handelscentrum [AD) 13 Ell
Europalaan ['wWest] to Tuunterstraat [AC) 104 [E10]

Tuunterstraat to Europalaan (west] [CA)
| Tuunterstraat to Europalaan(East] (CE) 103
Europalaan(East] to Handelscentrum [ED) 33 100
Europalaan(East] to Tuunterstraat [BC) 38 36
Europalaan(East] to Europalaaniiwest] [BA] 30 L
| Hardelzcentrum ta Eurapalaanii'est] (DA 35 100
| Hardelzcentrum ta EurapalaanEast] (OE] a7 33
Tuunterstraat to Handelzcentrum [CO)
Handelscentrum to Tuunterstraat [OC]
Sum of all same traffic lows 107 110} 103' 126 95.9
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Cyclists Mean travel time (] | Travel time peak () |Mean delay () |Peak Delay (*)
Jumbe to Europalaan(East) [10a) 100 100

Jumba ta Handelscentrum 33 104 &E

Jumbo to Tuunberstraat (11a) 10 35 108 35
Jumbe_Europalaaniest] [12] 106 103 EE 105
Europalaanwest] ta Jumba [1] 100 91 jals) a3
Europalzan('est] to Europalaan(East] (23] 33 g5 93 a0
Europalaanwest] ta Tuunterstraat [3a) 100 100 104 00
Europalaan(west] ta Handelseentrum 100

Eurcpalzan(East] ta Tuunterstraat (Tal 33

Europalaan(East] o Europalaan(west] (8] 00

Europalaan(East] va Jumba (3] 103

Handelscentrum ta Tuunterstraat 100

Handelscentrum to EurcpalaanlWest] 100

Handelscentrum ta Jumba 100

Tuunterstraat to Handelscentrum 100

Tuunterstraat to Europalaanli-est] (4] 100

Tuunterstraat to Jumba [S) 100

Tuunterstraat to Europalaan(East) [Ga) 100

Sum of all cuclists Haws 100 112 101 105

CD and

DC

Motorised vehicles

Europalaan ['west] to Europalaan (East] [AB]

Mean travel time [3£]

Travel time peak (%)

Mean delay (2] |Peak delay ()

Fuel consumption ()
36

Europalaan [\west] to Handelsoentrum (A0)

36

Europalaan [west] to Tuunterstraat [AC]

Tuunterstraat to Europalaan [Westl [CA]

Tuunterstraat to Europalaan(East] (CE)

EuropalaaniEast) to Handelscentrum (BO]

EuropalaaniEast) to Tuunterstraat (BC)

EuropalaaniEast] to Europalaan('west] (BA]

Handelscentrum to Europalaan(west) [DA)

Handelscentrum to Europalaan(East] (DB]

Tuunterstraat to Handelscentrum [CO)

Handelseentrum ta Tuunterstraat (OC)

Sum of all traffic flows

10z

1044 38

106

Cyclists Mean travel time (3] | Travel time peak [*]) [Mean dela Peak Dela
Jumbo to Europalaan(East] [10a) 35 95

Jumbeo ta Handelzcentrum 36 g3

Jumbio to Tuunterstraat [11a) 105 105 115 53
Jumbo_EurcpalaanlwWest] [12] 10 33 a7 =<1
Europalaan('west] to Jumba (1] 104 106 113 102

Europalzan(iwest] to Europalaan(Eazt] [2a)

101

o

Europalaan('west) to Tuunterstraat [3a)

105

13

Eurapalaan(iwestl ta Handelscentrum

126

123

Europalzan(East] to Tuunterstraat [Ta)
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Europalaan(East] to Europalaan(i'est] (5]

¥i:]

Europalzan(East] to Jumbo [3)

Handelscentrum ta Tuunterstraat

Handelscentrum to Europalaan('west)

Handelscentrum to Jumbo

Tuunterstrast to Handelscentrum

Tuunterstraat to Europalaan('west) (4]

Tuunterstraat to Jumbo (5]

Tuunterstrast to Europalaan(East) (Ga)

Sum of all cuclists How s

CD and DC

Motorised vehicles

Mean travel time [>£]

Travel time peak [) |Mean delay (]| Peak delay []] Fuel consumption [

Europalaan ['West] to Europalaan (East) [AE] 106

Europalaan ['West] to Handelzcentrum (A0) 140 132

Europalaan ['Westlto Tuunterstraat (AC] 106 110

Tuurterstraat to Europalaan ('West) [CA) 1o 121

Tuurterstraat to EuropalaaniEast) (CE) 08 121
101

Europalaan(East o Tuunterstraat (BC]

Europalaan(Eastlto Europalaani's'est] (BA)
| Handelscentrum ta Europalaan(west] (OA)
Tuunterstraat to Handelsoentrum (CO)

97

Handelscentrum to Tuunterstraat [0C)

Sum of all traffic flaws

17

17

131

125 107.6

Figure N7: Current situation with traffic CD and DC compared to current situation without traffic

Figure N8: VVN solution with traffic CD and DC compared to the current situation without traffic
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Cyclists Mean travel time [32] | Travel time peak [32] |[Mean delay [32] | Peak Delay (3]
Jumb to EuropalaanlEast) (102)

Jumbe ta Handelscentrum

Jumbee ta Tuunterstrazt [T1a)
Jumba_Europalazsn(iw'est] [12]
Europalaanl»est] ta Jumba (1)
Europalaanl'west] ta Europalaan(East] [Za]
Europalaan'west] ta Tuunterstraat [3a)
Europalaanliwest] to Handelscentrum
EuropalaanlEast) to Tuunterstraat [Fa)
EuropalaaniEast) ta Europalaani»est] (8]
EuropalaanlEast) to Jumba (3)
Handelscentrum ta Tuunterstraat
Handelscentrum to Europalaan(ivest]
Handelscentrum to Jumbo

Tuunterstraat to Handelscentrum
Tuunterstraat to Europalaaniiv'est) (4]

Tuunterstrast to Jumbe (5] 126
Tuunterstrast to EuropalaaniEast] (Ba)
Sum of all cyclists flows 35

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

10.14 Appendix M: Safety assessment

mmmmm Motorised traffic
Cyclists

1

Figure M1: Extra conflict points cyclists with motorised traffic from the exit of the Jumbo in the
current situation
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mmmm Motorised traffic
Cyclists

1

Figure M2: Extra conflict points cyclists with motorised traffic from the exit of the Jumbo in the

solution of VVN

Conflict point Conflictangle (degrees) Speed motorised traffic (km/h) |Speed cyclists Speed difference |Number of vehicles passing per 10 min.
1 90 39,1 10,7 28,3 79
2 90 39,1 12,9 26,2 79
3 90 40,3 12,9 27,4 117
4 90 40,3 10,7 29,5 117
5 90 25,6 17,6 8,0 24
6 90 25,6 17,6 8,0 24
7 90 19,1 17,6 1,5 23
8 90 19,1 17,6 1,5 23
9 90 66
10 0 58
11 45-90 100
12 90 12,3 17,2 -4.8 60
13 45-90 109
14 90 12,3 18,7 -6,4 11
15 90 13,9 18,7 -4,8 15
16 90 14,7 17,2 -2,5 15
Sum of all conflict points 1170 301,4 189,4 112,0 917

Figure M3: Safety assessment of the current situation

66




Conflict point Conflict angle |Mean speed motorised traffic (km/h) |Speed cyclists (km/h) |Speed difference Number of vehicles passing
1 90 39,0 10,8 28,2 79
2 90 39,0 79
3 90 40,3 117
4 90 40,3 10,8 29,4 117
5 90-180 26,9 17,6 9,3 24
6 45-90 19,2 17,6 1,6 23
7 90 11
8 45-90 11
9 45-90 12,3 12,3 100

10 45-90 109
11 90 12,3 17,5 -5,2 11
12 90 13,5 17,5 -4,1 15
13 90 22,7 16,5 6,2 11
14 90 22,7 11
15 90 34,1 15
16 90 34,1 16,5 17,6 15
17 90 17,6 23
18 90 23
19 90 24
20 90 17,6 24

Sum of all conflict points 1350 356,6 160,2 95,4 838

Figure M4: Safety assessment of the VVN proposed solution

Conflict point Conflict angle |Speed motorised vehicles (km/h) |Speed cyclists (km/h) |Speed difference Number of vehicles passing

1 90 37,0 11,3 25,7 79

2 90 37,0 79

3 90 38,9 116

4 90 38,9 11,3 27,5 116

5 90 25,4 17,5 7,9 35

6 90 25,4 17,3 8,1 35

7 90 18,6 17,3 1,3 24

8 90 18,6 17,5 1,1 24

g 90 20,8 17,0 3,8 g

10 45 20,8 9

11 90 31,9 12

12 90 31,9 17,0 14,9 12

13 90 16,6 9

14 90 16,6 12

15 90 36,3 14,3 22,0 28

16 90 36,3 24

17 90 31,9 24

18 90 31,9 14,3 17,6 35

Sum of all conflict points 1575 481,7 188,0 130,1 677

Figure M5: Safety assessment of the Municipality proposed solution
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