	Analysis of the problem of barrier formation


	
	
	The interests of traffic
 (Brochure Dutch Cyclists’ Association, September 2003)


	
In recent decades, hundreds of fast and pleasant connections for cyclists and pedestrians have made way for the construction of roads, railway tracks and waterways. The long detours resulting from taking ferries out of operation has also often meant that cycling is no longer an option. The Dutch Cyclists’ Association and the National Bicycle Platform Foundation (SFL) are sounding the alarm about this increasing barrier formation. For people who cycle every day, kilometres count. And when cycling for pleasure, most people prefer to cycle from home, without first having to cross busy roads or use the car as a mode of transport. Pedestrians and horse riders also suffer from the disappearance of short and traffic free connections. The increasing distances are not only affecting the cyclists, pedestrians and horse riders, they also result in increased car use in the Netherlands. A relatively small increase in the journey distance can cause the cyclist or pedestrian to decide to drive more often, and we all know the disadvantages of increasing car use. 

Transecting bicycle connections
The term barriers refers to many kinds of obstacles. The project 'bicycles without barriers' launched by the Dutch Cyclists’ Association and the National Bicycle Platform Foundation (SFL) is primarily concerned with the transection of bicycle connections by major traffic infrastructure, particularly motorways and through roads, railway tracks and waterways. Infrastructural barriers in urban areas mainly consist of railway tracks and yards, because stations tend to be located in towns. In contrast, the Dutch motorway network is not directly oriented towards towns. Ring roads or motorways are usually located some distance from urban conurbations. These obstruct the connection between urban areas and the surrounding region (town-country connections) and between different cores (interlocal traffic). 
The impact of a barrier depends on the different interests of cyclists (and other slow traffic). In order to assess the effects of barriers, these different interests must be defined: 

Interests of cyclists (and other slow traffic) 

At local level 

  Connections (between districts) within urban areas 

  Town-country connections in the transition zone between residential districts and the surrounding area 

At regional level 

  Interlocal connections 

  Local roads outside urban areas, which can be used as informal routes 

  Interchange networks

  Ring roads (from Tourist Offices (VVVs), ANWB and Dutch Railways (NS)) 

At national level 

  Long distance routes (including LF, LAW) 

There is the impression that utility connections do receive attention in planning, even if the solutions are not always good enough. However the importance of good connections between home and the surrounding area is often forgotten or underestimated. 

Connections within urban areas
Within urban areas, heavy infrastructure constitutes a threat to main routes for slow traffic. In general, these inter-district routes must have a mesh of around 500 metres. Furthermore, they must take specific circumstances into account, such as important destinations for cyclists or the layout of the district or town. There should be special focus on agglomerations: often there is a barrier between one (sub) municipality and another. Although the level of provisions in the (sub) municipalities is determinant, in terms of the cyclist there should be a high quality urban connection between the (sub) municipalities.
Within urban areas, railway tracks are common barriers because stations are generally located in the town. Railway yards cause particular problems. Waterways and older canals also constitute barriers within or at the edge of urban areas. Motorways as an inter-urban barrier are mainly found within agglomerations (like the A4 near The Hague and the A15 at Rotterdam), in particular near various large Vinex building locations. Area-filling barriers within or at the edge of urban areas often consist of inaccessible terrain, for example near factories and extensive pedestrian areas. 

Connection of residential areas with the surrounding area
The transition from the town to the surrounding areas can be hindered by town-country barriers. Town-country barriers mainly restrict short journeys or trips with an aim, like walking the dog, visiting the allotment, fishing, going to sports events or just playing outside. Good access to the surrounding area is therefore another important factor for the quality of life in the town. There should be at least one attractive route leading from the district to the surrounding area. A mesh of 500 metres can serve as the basis for intersections with infrastructure at the edge of urban areas.
A large part of the population, particularly young families and senior citizens (both residents and visitors), regularly go out for an hour, sometimes longer. If they are on foot, they do not generally go further than 4 or 5 kilometres with an action radius of at least two kilometres. Cyclists tend to cycle 10 to 15 kilometres with an action radius of at least 5 kilometres. 

Interlocal connections
In this category, it is not just about connections between cores (commuter traffic, the school run, socio-recreational journeys), but also about connections to recreational attractions in an area. Good interlocal bicycle connections are particularly important in urban districts, as this is where many journeys take place.
Effects of heavy infrastructure on interlocal bicycle connections can be determined on the basis of the quality of the concrete (interlocal) routes. Important attention points are mainly the distance factor, the length, social safety and the traffic safety of the routes. There is particular need for good interlocal bicycle connections in urban districts as this is where many journeys take place between the cores. 

Ability to cross the surrounding area
Barrier forming in the surrounding area largely concerns barriers for areas and not just (fairly large-meshed) bicycle or pedestrian routes. In fact, cycling and walking should be possible on every local road; bundling into single routes means an undesirable reduction in the number of recreational routes. (Un)signposted regional and country route networks do require special attention. Important quality criteria are the attractiveness and cohesion of the network, as well as safety and comfort.
Every year, around 43 million day trips are cycled in the Netherlands. Most cyclists do not go further than several tens of kilometres. For this reason, cyclists’ interests are greatest within a radius of 15 kilometres from the starting point (residential districts, long-stay areas). It is particularly important to have attractive cycling options in this area. Special circumstances play a big role in assessing the effects of transecting peripheral areas. Various factors need to be taken into account, including the landscape, the historical development of the local road structure, the function of the area and special attraction points. For example, there is a notable difference in the density of the road network of polders and areas where small-scale land parcelling has developed. The Netherlands also has natural barriers (particularly water) which to a certain extent are part of what the country is and which do not all have to be bridged to the same degree. 
28 % of the population, usually over the age of 35, are touring cyclists. These cyclists usually cover 30 to 50 kilometres in half a day, sometimes in a whole day. Their action radius is usually 10 to 15 kilometres. 


Some examples of meshes in the surrounding area:

· On the Utrecht-Arnhem railway line, there is usually a crossing every 2/3 kilometre, with one at 4 kilometres. In contrast, on the Utrecht-Gouda (polder) railway, the distance between crossings on several occasions is 4 km. 

· High meshes occur on the N9 bundled North Holland canal above Alkmaar. There are seven consecutive trajectories with meshes: 6, 6, 4, 4, 3, 5 and 3 km. The biggest mesh is on the Juliana canal (Limburg), where it is 4.5 km, with several of 3 kilometres, but often it is less. 

· In the case of natural barriers, the distances between bridges are often longer. On the IJssel and the Lek rivers, the crossing opportunities measured in a straight line are sometimes 8 km apart. On the Lower Rhine, this is 6 kilometres. On the River Waal, it is even 12 kilometres. The number of crossings seems to be inversely proportional to the width of the river. 


	

	

	

	Effects of barrier forming


Transections of local roads are significant but not the only negative factor affecting slow traffic. The effect of the infrastructure on the environment and the quality of the (new) crossings also play a role. It is important to recognise the concrete phenomena in the abstract term ‘barrier’. These phenomena are therefore divided here into three groups: the impact of the local road infrastructure, negative influences on the use of space and problems in construction work.

Quality loss for the local infrastructure
For the bicycle infrastructure, Signing for the Bicycle (manual for bicycle friendly infrastructure for municipal officials) is an important reference work. For all the main requirements from Signing for the Bicycle, the effects of a barrier can occur. The following table shows the possible effects:

Main requirement
Possible negative effect of barriers
Cohesion

· Damage the specific, fine-meshed bicycle network due to breaking through the route structure 

· Routes which are given an illogical direction 

· Reduction in freedom of route choice 

Directness

· Detour due to lack of crossings 

· Detour because bicycle and pedestrian routes are linked by parallel bicycle paths to space-eating motorway connections 

· Detour due to unfavourable start of a slope
Attractiveness

· Bundling with motorised traffic instead of own trajectories 

· Abandoned due to car-free connections 

· Disappearance or loss of function of scenic and cultural and historical connections (e.g. country properties) 

· Disappearance or loss of function of connections to which society or individuals are particularly attached 

· Sombre routes through tunnels 

· Unpleasant routes through noisy environment 

· Dull routes along roads with a monotonous traffic function, such as at motorway interchanges and parallel connections 

· Sprawling business sites
Traffic safety

· Need to use unsafe roads or intersections 

· More risk on longer journeys
Social safety

· Lack of social control and tendency to attract undesirable public in types of intersections (particularly tunnels) 

· Creation of zones with poor living quality where few people live (lack of homes, construction of business parks, deserted areas)
Comfort

· More physical effort required to overcome height differences at some types of intersections (particularly at viaducts)
Often these phenomena are combined. Changes to a direct route to the surrounding area can affect its attraction; the alternative connection has more traffic and safety declines when it is necessary to cross more dangerous intersections.

Increasing the distance between starting points and destinations
The development of barriers sometimes increases the distance between the starting point and destination. This is generally the case with motorways within urban areas. Due to  the unattractive living climate alongside the road, a wide urban zone (the width including the road is around 750 metres) is not used properly. There are few functions here to attract the local inhabitants. Existing homes become run down and no new homes are planned. Furthermore, the distance between the starting points on one side of the road and the local important destinations on the other side is fairly long, which negatively affects the decision to walk or cycle. 
The optimum distance between starting point and destination is no more than 3.7 kilometres; for these short distances, walking and cycling are the dominant modes of transport. 

Share of modes of transport in journeys (CBS, 1997)
Journey distance 
On foot 
Bicycle 
Car (driver)
Other
Total per distance class
0-0.5 km

  5.1%
  1.4%
  0.3%
  0.0%
  6.8%
0.5-1 km

  4.5%
  3.7%
  0.8%
  0.9%
  9.9%
1-2.5 km

  6.2%
  11.9%
  5.6%
  4.3%
  28%
2.5-3.7 km

  0.8%
  4.5%
  3.4%
  2.6%
  11.3%
Above 3.7 km

  0.6%
  5.9%
  21.5%
  15.9%
  43.9%
Total per mode of transport
  17.2%
  27.4%
  31.6%
  23.7%
  100%
A relatively small increase in the journey distance resulting from poor spatial planning or a big detour factor can therefore have significant consequences for the choice of transport. Distances longer than 3.7 kilometres should be avoided as the amount of slow traffic will probably be low and the car will be most used.



	


	Potential obstacles reviewed


	
	
	
	
Motorways
Due to the strong barrier forming effect, new motorways are very threatening for areas in which they are planned. Motorways are still being built in the Netherlands, often defended as a missing (motorway) connection (A4, A30, A73, A74). Where there is already a dense network of motorways (particularly in the Randstad conurbation), it is not so much new motorways that are being constructed, but existing roads being widened (A2, A4, A12, A15). The number of transections will not thereby increase, but the quality of the intersections will be affected, particularly at the site of tunnels which become longer and darker and therefore become less socially safe and more unattractive. The barrier also increases with the rise of noise and smell pollution. 

Regional through roads
A significant, relatively new threat emerges from the development of regional through and distribution roads across the provinces. Regional through roads can be particularly barrier forming because new design principles only allow split-level intersections. It is almost certain that the high costs of split-level intersections will result in their very restricted use. Both the desire for high trajectory speed for motor traffic and the basic assumptions of Sustainable Safety have produced these design principles (see: CROW publication 164, Handleiding wegontwerp wegen buiten de stadsgebied, 2002). 
The development can involve the construction of new roads and the upgrading of existing (provincial) roads. Apart from in the surrounding area, these roads are often planned in sensitive locations at the edge of towns (tangents and ring roads). 

Disappearance of level crossings on existing railway tracks
Prorail, the organisation which manages the railway tracks, is closing as many level crossings as possible. Hundreds of level crossings have already been closed. This has only been compensated by the construction of a tunnel in a few cases. So on railway tracks too, traffic is rapidly becoming increasingly concentrated on a small number of split-level intersections and the less busy, often attractive car-free connections are disappearing. 
Prorail bases its policy on the Framework Policy Document on Rail Safety adopted by the Lower House in 1999. This specifies among others that the number of accidents involving injury to level crossing users must be reduced and that the existing safety level for travellers, passers-by and train personnel must be maintained. It is notable that this government policy document specifies the closure of level crossings as a goal in itself and that the removal of all level crossings is considered the most ideal situation for the distant future.
For Prorail, track doubling, higher track section speed, higher train volumes and developments involving the road manager are reasons for closing level crossings. There are also two specific implementation programmes for the whole country: the Improvement of Safety at Level Crossing Programme (PVVO) and the Private Level Crossing Closure Programme (POPO). 

Construction of new railway tracks
Besides the big well-known projects like HSL-South and the Betuwe line, this involves additions to the national railway network (like the Hanze line) and new light rail connections (Randstadspoor). Level crossings are generally not used on new lines, possibly with negative consequences for cyclists and pedestrians such as big meshes, less comfort and less attractiveness.

Increasing the width and height of bridges on waterways
In order to promote freight transport by water, the government wants to improve the canals and rivers for bigger ships with greater loading capacity. This involves the Pr. Margriet canal (Fr/Gr), Lek canal (Utr), Wilhelmina canal (B), Juliana canal and the River Maas (L). For this purpose, longer and therefore more expensive bridges are required. Bridges are also being raised, meaning cyclists have to climb steeper slopes. Vague plans are casting their shadow over the future: the new cycle/pedestrian bridge at Ceramique in Maastricht cannot fulfil the design requirements for bicycle infra on account of the height requirement for the River Maas as a waterway, and on the North Holland canal, municipal plans for new bridges have been put on hold.  


	

	

	

	Avoiding barrier forming

	

	

	Six recommendations for preventing obstacles and optimally respecting the interests of cyclists: 



	1. Be extremely critical about the need for new heavy infrastructure. Such infrastructure, particularly motorways, always creates certain barriers. If new infrastructure is essential, choose the lightest variety and the highest quality. 

2. Take as many compensating measures as possible for the damage to the local (municipal) network and incorporate the costs in the project budget. 

3. As the initiative-taker, be responsible for maintaining high quality inner city routes and connections between the town and the surrounding area, for conserving direct interlocal connections, for sufficient crossability of the surrounding area and for good accessibility of attraction points in the surrounding area. 

4. In the trajectory survey, look at the effects of the various alternatives and variants on the local road network and take them into consideration in the decision-making process. 

5. As the sphere of influence of the infrastructure is very big, particularly with motorways, it is desirable to make modifications within a wide zone in favour of local interests and particularly those of cyclists and pedestrians. Options include urban plans, plans for nature and the application of the Land Use Act. Integral planning is therefore very important. 

6. During the design phase, include the interests of cyclists and pedestrians, particularly in the choice and design of crossings. Research into the opportunities for provisions solely for cyclists and pedestrians, like shortcuts, must not be forgotten. It is advisable to appoint specific designers for this. 




	Motorways as barrier 


	
	
	One of the most important obstacles further explained 


	
A motorway can be considered the most luxurious connection for motor traffic. However, motorways create huge barriers, not only due to the many transections but also due to the negative effects that extend over a wide area (noise, emissions, unattractive environment). It is therefore important to make good decisions regarding the choice of a new connection: is a motorway necessary or could something else be equally effective? Motorways in the Netherlands are tangentially or concentrically oriented towards the town and therefore often cause problems in the connection between the town and the surrounding area. 

Motorways as psychological barrier 
Motorways always create a certain barrier with regard to their environment, unless the road is in a tunnel under a field. How the road is perceived determines the size of the psychological barrier. The road enters the consciousness by the visually visible line, which is formed by rows of cars or sound barriers. Less directly, the motorway also has a big impact on the surrounding zone due to the noise produced. Outside urban areas, depending on the amount of traffic and the spatial situation, the noise can be heard over several kilometres on both sides.

The environment of motorways
A motorway affects the function of the environment because the noise, the smell or the exceeding of environmental norms make certain uses of the environment impossible or because, for economic or other reasons, other uses (business sites) are attracted. The legal noise zone of 350 metres on both sides of a busy main road has a great impact on the use of space. The design and use of this 750 metre wide zone can even reinforce the barrier action of the road through unattractiveness and/or increase the distances between the starting points on the one hand and the destinations on the other.

Barrier forming at intersections and connections
Motorway intersections and some types of connections on local road networks can use a lot of space. In the vicinity of cores, intersections can ‘get in the way’ of good bicycle routes. In the case of connections, overly long, parallel bicycle paths are constructed. The degree to which this is the case depends on the radius, which in turn is the result of the design speed chosen for the crossing. If the design speed is reduced by 20 km/hour, the radius can be more or less halved:

Minimum radius for connections at intersections and connections
(from: CROW, Publ. 164b, Handboek Wegontwerp Stroomwegens, 2002) 

Design speed radius (km/hour)
Minimum radius (metres)
90
300
70
170
50
65
30
30
Roads designed for lower speeds have a less negative impact on their environment due to lower noise and smell pollution and less use of space. 


	

	

	


	Compensatory measures


	
	
	How do you compensate new and existing barriers? 


	
In areas where there is heavy infrastructure or where it is certain to be created, provisions are essential to compensate the barrier action. The construction of sufficient split-level intersections is important here, but not the only attention point. Besides the various compensatory measures, it is sometimes necessary to compensate the loss elsewhere.

Choice and design of split-level intersections
In many cases, constructing heavy infrastructure at a deeper level and having slow traffic at ground level is the best option. Semi-elevated construction with a half-deep connection for cyclists and pedestrians is also a fairly good option, particularly with regard to comfort and social safety. Where social safety is not an issue, tunnels can be built. Bridges are not comfortable, unless a good solution for the height differences can be provided. 
Passages under wide roads should preferably have one or more daylight openings. 

Co-use of ecological connections
Passages which are constructed for animals can also be used for recreational connections. These can include big underpasses, ecoducts and ecologically constructed viaducts. Sometimes protection of the path is required to prevent frightening the animals. 
A dual function can mean that several parties share the financing, whereby more intersections can be created. This can also benefit nature. 
The best locations are those where recreational pressure is low and the mesh of the network is big. 

Level crossings purely for slow traffic
The safety of the track can be improved by closing level crossings for motor traffic. 70% of train collisions involve motor traffic. This approach does more for the specific interests of slow traffic than total closure. There are already level crossings with a flashing light installation (AKI), where cars are prevented from crossing with zigzag barriers (near Heemstede, Soestduinen and in Friesland). Another idea is the development of a special type of level crossing for slow traffic.

The new structure of local connections
In the construction of transverse connections, the restoration of a good local road structure (also streets, bicycle paths) also requires attention, particularly aimed at limiting detours and promoting orientation. Project organisations often choose parallel connections and slopes close to the track, which is not always in the interest of slow traffic. New connections may also be moved to a less ideal place in order to be able to use the old crossing during construction. 
In the case of connections to the surrounding area, it is sometimes preferable to bundle bicycle routes on the side of the urban area, so that there is more social control. On the side of the surrounding area, a fan structure is preferred to create more connections.  Parallel routes along motorways are unattractive and generally do not create direct connections. 

Small scale shortcuts and connections for slow traffic
In practice, designers of heavy infrastructure do not always sufficiently identify with the scale level of slow traffic. Nor do they always think about the desirability of a network specifically for slow traffic. Thus opportunities for simple and cheap solutions like bicycle shortcuts are forgotten. 

Using civil engineering structures
In the construction of civil engineering structures, more research should be conducted into incorporating bicycle provisions.

Planological measures
When a barrier is unavoidable, it is important to create good facilities for the isolated residential cores, not just in the form of schools and shops, but also recreation.   

Compensatory measures
If there is a loss of recreational opportunities, in some cases compensation elsewhere in the area is desirable. This then involves the construction or improvement of green zones in big towns, the construction or improvement of (park) landscapes in towns or new (solitary) bicycle paths near an area. Of course, the modification of signposting of bicycle routes may not be the only thing for which there is attention and money. 



Actors involved in barrier forming

Organisations which must be made aware of interests of slow traffic (Brochure Dutch Cyclists’ Association, September 2003)


There are many actors who are or could be involved in the development of main infrastructure. They not only include the various organisations but also the different tasks of those organisations. Some organisations also have regional or local departments. In the development of main infrastructure, good collaboration between the (sub) organisations can be important for slow traffic. The Dutch Cyclists’ Association can help promote this. The partners in the Dutch Cyclists’ Association can also try to bring implementation of its vision closer. In this process, just making an organisation aware of a potential problem is sometimes enough.  

Government
All three government levels (state, provinces, municipalities) are involved when main infrastructure is laid. The projects are radical enough for the involvement of politicians, administrators and public departments. This not only includes departments whose field of work is traffic and transport, but also departments related to spatial planning, the environment, green / nature, economics / tourism, recreation, etc. In some regions, there are also relevant collaborative bodies of these local authorities, at managerial and/or public sector level. The European Union is also often an actor (e.g. trans-European networks and subsidies for transnational projects).
For the implementation of the infrastructure policy, the government has two big task organisations: Directorate-General for Public Works and Water Management (RWS) and Prorail. When big projects are planned, special project organisations are generally set up. 
Water boards can also be involved in barrier forming: they manage roads on land and waterways which can create a physical barrier. 

Engineering consultants
Knowledge expansion among government advisors and designers of the plans can also bear fruit in the long term. 

Land owners and users
The initiative taker often needs the cooperation of land owners and users. These can be other government departments or authorities (municipalities, National Forestry Service in the Netherlands (Staatsbosbeheer)), private individuals (farmers, land owners) or big private organisations like the Society for the Preservation of Nature in the Netherlands (Natuurmonumenten). 

Interest organisations
Besides the Dutch Cyclists’ Association, the National Bicycle Platform Foundation, the National Walking Platform LAW and the Royal Netherlands Equestrian Sports Federation are also actively involved with the theme barrier forming. Also Nature and Environment and the provincial Environmental Federations are interested. Recreational interest organisations include the regional and local Tourist Offices (VVVs), recreational boards and the Recron (interest association of recreational businesses). The Chamber of Commerce is an influential and special actor at regional level. Locally, there are usually several interested associations, district or community councils. Special local action groups are sometimes set up for the plans.


Compensatory measures

How do you compensate new and existing barriers?

In areas where there is heavy infrastructure or where it is certain to be created, provisions are essential to compensate the barrier action. The construction of sufficient split-level intersections is important here, but not the only attention point. Besides the various compensatory measures, it is sometimes necessary to compensate the loss elsewhere.

Choice and design of split-level intersections
In many cases, constructing heavy infrastructure at a deeper level and having slow traffic at ground level is the best option. Semi-elevated construction with a half-deep connection for cyclists and pedestrians is also a fairly good option, particularly with regard to comfort and social safety. Where social safety is not an issue, tunnels can be built. Bridges are not comfortable, unless a good solution for the height differences can be provided. 
Passages under wide roads should preferably have one or more daylight openings. 

Co-use of ecological connections
Passages which are constructed for animals can also be used for recreational connections. These can include big underpasses, ecoducts and ecologically constructed viaducts. Sometimes protection of the path is required to prevent frightening the animals. 
A dual function can mean that several parties share the financing, whereby more intersections can be created. This can also benefit nature. 
The best locations are those where recreational pressure is low and the mesh of the network is big. 

Level crossings purely for slow traffic
The safety of the track can be improved by closing level crossings for motor traffic. 70% of train collisions involve motor traffic. This approach does more for the specific interests of slow traffic than total closure. There are already level crossings with a flashing light installation (AKI), where cars are prevented from crossing with zigzag barriers (near Heemstede, Soestduinen and in Friesland). Another idea is the development of a special type of level crossing for slow traffic.

The new structure of local connections
In the construction of transverse connections, the restoration of a good local road structure (also streets, bicycle paths) also requires attention, particularly aimed at limiting detours and promoting orientation. Project organisations often choose parallel connections and slopes close to the track, which is not always in the interest of slow traffic. New connections can also be moved to a less ideal place in order to be able to use the old crossing during construction. 
In the case of connections to the surrounding area, it is sometimes preferable to bundle bicycle routes on the side of the urban area, so that there is more social control. On the side of the surrounding area, a fan structure is preferred to create more connections.  Parallel routes along motorways are unattractive and generally do not create direct connections. 

Small scale shortcuts and connections for slow traffic
In practice, designers of heavy infrastructure do not always sufficiently identify with the scale level of slow traffic. Nor do they always think about the desirability of a network specifically for slow traffic. Thus opportunities for simple and cheap solutions like bicycle shortcuts are forgotten. 

Using civil engineering structures
In the construction of civil engineering structures, more research should be conducted into incorporating bicycle provisions.

Planological measures
When a barrier is unavoidable, it is essential to create good facilities for the isolated residential cores, not just in the form of schools and shops, but also recreation.   

Compensatory measures
If there is a loss of recreational opportunities, in some cases compensation elsewhere in the area is desirable. This then involves the construction or improvement of green zones in big towns, the construction or improvement of (park) landscapes in towns or new (solitary) bicycle paths near an area. Of course, the modification of signposting of bicycle routes may not be the only thing for which there is attention and money.


	

	


