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1 The street

Any kind of traffic has characteristic measures.

Design measures are deduced from the distribution of actual measures (see Fig. 1).

Normally the 5% largest measures are left aside for design.
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	A.S.V.V(2004) p. 77-78
	ANWB-Verkeerskunde (1980) nummers 6 en 10

	Fig. 1 Dispersion of real car widths in 2004;

95% < 1.80m
	Fig. 2 Width of parking places in 1980

	
	


However, these measures can change in time and occasionally not apply. So, you need margins. For example, in Fig. 2 the parking space for a car is much wider than the width of an average car, because at parking places people have to step in and out at both sides. Moreover, taking the largest turning circle of cars you need space to turn in, not only in width, but also in length. So, a street with cross parking should be wider than the 95 percentile of car lengths (5m).

That is why car parking requires a quarter of pavement in the urban surface.
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	Fig. 3   1.20m for a pedestrian
	Fig. 4    2.40m for a parked car

	
	


In The Netherlands normal paving-stones used on side walks are an unit of measure easy for reference if you are walking on the street or taking photographs (0.30x0.30m). From Fig. 3 you can learn a kerb is half a tile wide and for walking you need at least two tiles if you don’t have luggage. From Fig. 4 you can learn that the parking spaces of our Faculty are 2.40m wide.

1.1 A residential street

In a residential street occasionally you need space for larger vehicles like moving vans, ambulances, vans of police, fire brigade or service vehicles, often necessary in residential areas.

Pedestrians carrying luggage or pushing baby buggies need 1.5x more space than without such loads as shown in Fig. 5.
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	Fig. 5 Primary profile spaces needed

	
	
	
	


A usual residential street gives way to two loaded pedestrians walking both ways (for instance one with luggage and one with a baby buggy passing each other, say 2m paved surface with 6 tiles of 0.30m + a 0.15m kerb + 0.05m margin) as sidewalks. On the roadway two vans should be able to drive both ways with a margin because they swing a little when they move (say 6m). If you draw sidewalks at both sides the pavement will count 2+6+2=10m. That is easy to remember for residential streets without parking places (as in Fig. 2). With parking places and gardens it could be =20m (Fig. 6), but we do not yet take them into account. We will do that at page 6 and further.
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	Fig. 6 A residential street (2.5 + 2 + 2.5 + 6 + 2.5 + 2 + 2.5 = 20m)


	


However, you do not need that width of pavement all along the road. People can wait when they see someone approaching from the other side. Pavement can locally be narrower (for example 1+3+1=5m), slowing down the cars or just wider (for example 3+6+3=12m) to make more speed or to give children and pedestrians more space on the sidewalks. A roadway of 6m width, has two ‘lanes’ for both directions. You can remove one locally. You can halve the sidewalks locally as well, but do not remove at one side one of them unnecessarily, otherwise pedestrians have to cross the road. If you do not have to give way to large cars or speeds higher than 30km/h the lane can get the minimum width of 2.30m. For even lower velocities without large vehicles the pavement is suitable for mixed use with pedestrians, say 1.90+0.60(2.50m. 

1.2 Space for speed

For higher design velocities you should take more margin for swinging. For normal cars at 30km/h you need 2.25m per lane, and 0.30m extra is no luxury. But at 50km/h you need 2.75m per lane, and at 70km/h 3.25m.
 Along walls or obstacles, drivers keep even more distance (obstacle fright) to prevent damage.

Drivers also keep distance to cars ahead. The higher the velocity, the more distance they will keep. Above 30km/h that growing distance even decreases the capacity of the road (Fig. 7)!

That means, to keep the same capacity you need more lanes.
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	Fig. 7 A higher speed decreases the capacity of the road

	


Roads designed for more than 2 000 cars per hour in one direction (that is approximately 20 000 per day) need at least three lanes.

Moreover, at 50km/h you have to give separate way to cyclists along the road and at 70km/h at crossings as well if you accept the Dutch appointments ‘Duurzaam Veilig” (see Fig. 77).

1.3 Roads of a higher level

If you leave your home to go for a ride, you start on a ‘residential street’ (some 20m wide) via a larger ‘neighbourhood road’ (say 30m) reaching an even larger ‘district road’ (say 40m) and so on.

On the average every third road of each level you can make a turn to a road of a higher level (see Fig. 8, do not take it too serious, it is a rule of thumb)
. The question arises at which mutual absolute distance you have to draw them in urban design. To keep it simple, we take 30m for the smallest residential paths, 100m for residential streets, 300m for neighbourhood roads, and 1000m for district roads (Fig. 8).
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	Fig. 8 Four orders in a network hierarchy

	


1.4 Urban islands in a network

Public pavement is expensive. It has to be paid by lots a municipality can sell, surrounded by that public space (municipal land development). The housing allotments below, include a substantial area of expensive parking spaces as well. They are made by the computer programme Standaardverkaveling.exe.
 Starting points are:

1. centre lines of surrounding roads on a multiple of 30m (preliminary main grid);

2. roadways everywhere 6m wide, not needed everywhere, but including a reservation for wider roads of higher level in the network elsewhere;

3. parking standard everywhere more than 1 parking place per dwelling along the road, starting at least 5m from road corners, only drawn along roads North and South (indicated as ‘N’ and ‘S’
) in the drawing of the urban island (an urban ensemble completely surrounded by roads);

4. sidewalks seldom smaller than 2m wide;

5. no front gardens yet;

6. dwellings 5x10m, 2 floors high with roof timbers of 3m on lots of 100m2 housing 2.25 inhabitants in rows not exceeding 40m to avoid extra dilatation;

7. path around the back 1m wide;

8. green areas are drawn East and South filling up the main 30m grid. They show the space saved by design operations, but can be used to enlarge the lots for sale as well, diminishing public space (pavement + green).

These starting points can be changed easily in Standaardverkaveling.exe. However, for the time being they are kept constant below to study the change in allotment performance by design transformations.

1.4.1 Mirroring the smallest urban island
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	Fig. 9 30x30m
	Fig. 10 30x60m W-E mirroring

	
	

	The smallest urban island token in consideration here has a grid measure of 30x30m. The consequence of small urban islands is an excessive surface of public pavement (here 76%!), leaving relatively little for sale (here maximally 22%) paying for that public space.
	The effect of a first design transformation, W-E mirroring, elongates the urban island reducing public pavement (here into 67%). The gained surface produces a green margin of 9m drawn East and 2.50m drawn South. Now, at that length, one side with parking places is enough to reach more than 1 parking place per dwelling.

The shadow of the N side is best suitable for parking. Now, W and E roads are used for entrance to houses at both sides and back gardens get more privacy. The lots for sale differentiate in morning~ and evening sun lovers.

	
	


In Fig. 10 greenery is drawn East to get an idea of road profiles and crossings without greenery in the corner left below in the drawing, where circles are drawn with a radius of 10 and 30m. For children in the afternoon and in the summer evening green area can better be designed in the West as well to have sunny playgrounds. That does not change the counted figures left and below of the drawing.
1.4.2 Taking sun into account
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	Fig. 11 60x30m N-S Turning and  multiplying
	Fig. 12 60x30m N-S mirroring

	N-S turning and repeating gives both blocks South gardens. Now, the short sides of the urban island are used for parking, forcing cross-parking to reach >1 parking places per dwelling. The path round the back is enlarged at the expense of sidewalks to give proper front access to the Southern block.
	N-S mirroring introduces North gardens, drawn longer here to get a partly sunny view on the N garden still. It differentiates the lots for sale in size and suggests a different dwelling type for sun lovers with south gardens and artistic life style with Northern light rooms like studios.

	
	


1.4.3 Elongating
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	Fig. 13 60x30m elongating
	Fig. 14 60x60m mirroring

	To reach the same capacity of Fig. 12 by one sided elongating avoids the path round the back utilizing the side walk, giving back a proper size to the sidewalks N and S. East gardens are suitable for people who like morning sun in the garden and in the sleeping room. Pavement is still 66%.
	Mirroring gives evening people a chance as well and both gardens more privacy. It differentiates use and plantation. The enlargement of the urban island again reduces the amount of pavement, now into 52% in favour of the margins possibly used as green area: 9m East and 5m South.

	
	


1.4.4 L-shape and U-shape
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	Fig. 15 60x30m L-shape
	Fig. 16 60x60m U-shape

	Introducing perpendicular blocks provides streetcorners with front entrances in 2 directions. That gives the beginning of an urban look and safety by private control of public space on both roads involved. To improve that effect design solutions for corners, not implemented here, would be nice. Such solutions will struggle with smaller or no gardens in the corner.
	Mirroring the L-shape produces U-shaped allotments with one open side, here avoiding North gardens. It has the same advantages as previous mirroring transformations, in this case reducing pavement from 66% in Fig. 15 into 52% and introducing green margins of 9m East and 5m South. S gardens go 0.5m around the back now, giving space for ivy-covered side façades avoiding grafitti. 

	
	


1.4.5 Closed urban islands
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	Fig. 17 90x60m Closing
	Fig. 18 Elongating and adapting 100x60m

	Closing the urban island with front entrances on every surrounding street produces a usual allotment type of 90m length, leaving a 9m green margin East to fill the urban grid of multiples by 30m. Limiting parking places to N and S urges cross parking at both sides to have more than 1 parking place per dwelling leaving little space for sidewalks.
	N-S elongating to 100m is easy by adding 2 houses West and East. However, the shortage of parking places then forces parking at all sides. By giving up cross parking N and S, there is space for 6 extra houses in total. The reduction of pavement is 2% only, but the number of parking places is 1.4 per dwelling. This time the green margin is distributed W and E to make trees possible.


In Fig. 18 we leave the starting points of page 6 behind and start to look at a higher level. On that level new spaces for mobility are needed. By the way, the elongated blocks of Fig. 18 exceed 40m and need an extra dilatation, which is expensive. 

1.5 A neighbourhood

If we multiply the module (M) of Fig. 18 (100x60m) 5 times E-W and 3 times N-S (Fig. 19) we reach the mesh width (300mx300m) for neighbourhood roads (30m width of pavement) mentioned at page 5. We now have 15 modules together surrounded by larger neighbourhood roads needing extra space.

These ‘neighbourhood islands’ we call ‘neighbourhood quarters’, because 4 of them make a neighbourhood.
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	Fig. 19 A neighbourhood, multiplying Fig. 18
	Fig. 20  Profiles

	
	


Suppose every urban island contains some 75 people going out 4 times a day of which 3 by car. Suppose 1/3 of the car trips the driver is accompanied by a passenger, 1 trip is done by walking or cycling.
 So, a block produces 75x2x2(300 car movements per day, because they are not only going out, they are coming back as well. That normally means 30 car movements per hour per island. Let them use two of four streets around the block. So, a residential street has some 15 car movements per hour and much more in peak hours. And there are visitors as well.

The neighbourhood of Fig. 19 does not only need extra space for pavement of neighbourhood roads, but also for neighbourhood facilities like green, water, a school, shops and offices. Moreover, it has to accommodate facilities of higher level like district roads (40m wide). They produce car movements as well, but in the same time they make part of the modules involved unsuitable as residential area. Moreover, not all modules will reach 56 dwellings per ha or a floor space ratio (FSI) of 68% reached in Fig. 18, because many lots are larger than 100m2. Suppose there are 1000 inhabitants per neighbourhood, it produces 1000x2x2(4000 car movements per day using half of the neighbourhood roads available. So, a neighbourhood road has some 2000 car movements per day or 200 per hour and much more in peak hours. And there are visitors as well.

1.6 Road hierarchy

Going on like that we can make a table with approximate measures (in reality they will vary around that measure) for any type of road in a hierarchy (Fig. 21, do not take it too serious: it is a rule of thumb).

	Category
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 

	
	residential path
	residential street
	neighbourhood road
	district road
	urban highway
	highway
	regional highway
	metropolitan highway

	Dutch
	direkt bediend gebied
	erf
	ensemble
	buurt
	wijk
	stad
	agglo-meratie
	regio
	metropoli-taine regio

	English
	directly served area
	estate
	ensemble
	neigh-bourhood
	district
	town
	conur-bation
	region
	metropoli-tan region

	m radius | mesh | crossing distance
	30
	100
	300
	1000
	3000
	10000
	30000
	30000

	directly served inhabitants
	10
	100
	1000
	10000
	100000
	1000000
	3000000
	10000000

	number of dwelling layers
	1
	2
	3
	4
	6
	7
	8
	10

	Profile
	
	
	
	
	
	
	
	

	Left half until median strip
	
	
	
	
	
	
	
	

	profile key
	m facade height
	2,75
	5,50
	8,25
	11,00
	16,50
	19,25
	22,00
	27,50

	
	m private use
	1,00
	2,50
	
	
	
	
	
	

	
	 
	 
	
	
	
	
	
	
	
	

	
	m sidewalk
	0,50
	2,00
	4,00
	3,00
	3,00
	3,00
	3,00
	3,00

	
	 
	 
	
	
	
	
	
	
	
	

	
	m cycle track1
	
	
	2,00
	2,00
	3,00
	3,00
	3,00
	3,00

	
	 
	 
	
	
	3,50
	1,00
	1,50
	
	1,75
	

	
	 
	m park1
	2,50
	2,50
	2,50
	2,50
	2,50
	2,50
	2,50
	2,50

	
	m parallel road
	
	
	
	3,00
	3,00
	3,00
	3,00
	3,00

	
	 
	m park2
	
	
	
	
	
	
	
	

	
	 
	 
	
	
	
	2,00
	3,00
	3,00
	3,00
	4,50

	
	m cycle track 2
	
	
	
	
	
	
	
	

	
	 
	 
	
	
	
	2,00
	3,00
	3,00
	3,00
	4,00

	
	m hard shoulder 
	
	
	
	
	2,50
	2,50
	2,50
	2,00

	
	 
	m lanes
	1,00
	3,00
	3,00
	3,50
	6,50
	13,00
	16,25
	26,00

	
	m park 3
	
	
	
	
	
	
	
	

	
	m median strip
	
	
	
	2,00
	4,00
	4,00
	4,00
	4,00

	Right half from median strip mirrored
	5,00
	10,00
	15,00
	19,00
	28,00
	33,00
	38,00
	48,00

	
	
	m total
	10,00
	20,00
	30,00
	40,00
	60,00
	70,00
	80,00
	100,00

	
	
	m pavement
	8,0
	15,0
	23,0
	28,0
	41,0
	54,0
	60,5
	79,0

	Physical infrastructure
	
	
	
	
	
	
	
	

	m width between facades
	10
	20
	30
	40
	60
	70
	80
	100

	km/hour design velocity
	10
	30
	50
	70
	90
	110
	130
	150

	m minimum lane width
	1,75
	2,25
	2,75
	3,25
	3,25
	3,25
	3,25
	3,25

	
	
	number of lanes
	1
	2
	2
	2
	4
	8
	10
	16

	Capacity (possible use)
	
	
	
	
	
	
	
	

	vehicles/h capacity per lane
	500
	1000
	1500
	2000
	2000
	2000
	2000
	2000

	vehicles/hour capacity
	500
	2000
	3000
	4000
	8000
	16000
	20000
	32000

	vehicles/24 hour capacity
	5000
	20000
	30000
	40000
	80000
	160000
	200000
	320000

	
	
	
	
	
	
	
	
	
	
	

	Use | Intensity
	
	
	
	
	
	
	
	

	residential
	
	
	
	
	
	
	
	

	directly served inhabitants
	10
	100
	1000
	10000
	100000
	1000000
	3000000
	10000000

	car rides/inhabitant/day
	2,00
	2,00
	2,00
	1,00
	0,20
	0,10
	0,05
	0,02

	%surrounding infrastructure used
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%

	light vehicles/24 hour intensity
	20
	200
	2000
	10000
	20000
	100000
	150000
	200000

	
	
	cargo
	
	
	
	
	
	
	
	

	kg cargo/inhabitant per day
	1,00
	1,00
	1,00
	1,00
	1,00
	1,00
	1,00
	1,00

	
	
	kg cargo/vehicle
	10
	100
	1000
	1000
	1000
	1000
	1000
	1000

	cargo vehicles/24 hour intensity
	2
	2
	2
	20
	200
	2000
	6000
	20000

	
	
	service
	
	
	
	
	
	
	
	

	service visit/inhabitant/day
	0,01
	0,01
	0,01
	0,02
	0,01
	0,00
	0,00
	0,00

	
	
	service vehicles/24 hour intensity
	0,20
	2,00
	20
	400
	2000
	2000
	6000
	20000

	
	
	total
	
	
	
	
	
	
	
	

	vehicles/24 hour intensity
	22
	204
	2022
	10420
	22200
	104000
	162000
	240000

	vehicles/hour intensity
	2
	20
	202
	1042
	2220
	10400
	16200
	24000

	vehicles/hour peak intensity
	
	
	
	
	
	
	
	

	% use by car = intensity/capacity
	0,4%
	1,0%
	7%
	26%
	28%
	65%
	81%
	75%

	
	
	
	
	
	
	
	
	

	dB(A) noise on façade

	66
	59
	62
	74
	80
	84
	90
	96

	% devaluation houseprice by noiseb
	10%
	5%
	7%
	22%
	34%
	40%
	48%
	54%

	

	Fig. 21  Approximate characteristics of a road hierarchy as a model

	


In Fig. 21 ‘m radius’ is a nominal measure (read 300m and think ‘something between 100m and 1000m’ or ‘neighbourhood’, with a diameter of approximately 600m) for the area involved. It applies the mesh width of the theoretical network as well, the distance between crossings of roads of the same level (turn distance). ‘Directly served inhabitants’ is as elastic as the nominal radius (read 1000 inhabitants and think ‘something between 100 and 10 000 inhabitants’).

The ‘Profile key’ gives a possible division of half the profile including the median strip, summarised without the median strip, supposing the other half is mirrored. So, the total distance between façades is two times half the profile.

The ‘km/hour design velocity’ shows which speed of cars is supposed determining the ‘minimum lane width’ of the lanes out of which the roadway is composed. The ‘number of lanes’ is determined by the expected number of cars per hour calculated in line ‘vehicles/hour intensity’.

The actual intensity is something else than the capacity, the maximum possible intensity without congestion, for example in peak hours. They are compared in the % use by car = intensity/capacity. Above a certain percentage (60%?) you can expect congestion in peak hours.

The light vehicles/24 hour intensity is calculated here by multiplying the number of directly served inhabitants, the number of car rides/inhabitant per day and the %surrounding infrastructure used as we did already on page 10 for residential and neighbourhood roads. There we mentioned already ‘there are visitors as well’. In the neighbourhood it does not count so much, but on roads of higher level cargo transport and service traffic is more important. How to count that? Here we found a very simple, but perhaps not very reliable way. We estimate the kg cargo/inhabitant/day and divide it by an estimated kg cargo/vehicle to get the number of cargo vehicles/24 hour. In a comparable way the number of service visits/inhabitant per day produces the service vehicles/24 hour intensity. Summing these lines produces the number of vehicles/24 hour intensity, which divided by 10 produces, vehicles/hour intensity. The dB(A) noise on façade depends on many things like intensity and distance to the façade. It is a rough estimate, but it determines % devaluation of house prices by noise.

All assumptions are arbitrary and can be changed in the similar spreadsheet ‘hierarchy.xls’.
 This spreadsheet draws the adapted profiles as well.

1.7 From a model back into a real city

This chapter started by real measures of cars (Fig. 1), derived models about a hierarchy of roads with different capacity and intensity (induction from particular into general). Now, we have to check how reliable these models are, knowing that reality always differs (deduction form general into particular).

A complete survey should take more cases to check the theory. Here we take one case only and we do not check all assumptions (hypotheses). In Fig. 22 The urban area around Dordrecht, we find 6 levels of roads. The resolution does not permit to see residential paths (1). But we see residential streets (2, white) , neighbourhood roads (3, yellow), district roads (4, same colour, but somewhat thicker), urban highways (5, purple), highways (6, red), regional highways (7, red and orange). We have drawn circles of nominally 3, 1 and 0.3km around parts we nowadays call city, district and neighbourhood. Let us start with Papendrecht. It has some clear squares of approximately 500x500m neighbourhood roads while our model states 300x300m. Should we adapt our model?
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	Fig. 22 The urban area around Dordrecht

	


Elsewhere (for example in the central part), there are smaller mesh widths (sometimes 100m). The model fits better the average. Moreover, we appointed: “read 300m and say ‘something between 100m and 1000m’ “. So, reality deviates within the appointed tolerance of the model. If our model fits the average, we can say: “Papendrecht has a relatively large mesh width for its neighbourhood roads”.

But perhaps there is more going on. Do some of the drawn residential streets have neighbourhood road characteristics? To decide that, we need to enlarge the detail (Fig. 23). No, the map is correct, all streets with the square of neighbourhood and district roads are approximately 20m wide from façade to façade, perfectly according to what we stated in Fig. 21. The neighbourhood roads fit the prediction to be some 30m wide as well. However, the district road is not 40m, but 50m wide. There are two possible reasons.

There is something more to learn from Fig. 22 after all. We supposed there would be a district road every 1km, but in Papendrecht we see only one within a radius of 1km (diameter 2km). However, there is interference with the network of rivers clarifying why the second one is not realized. A second one here would not have enough use to legitimate the cost. The river limits its bearing surface. The model supposes a homogeneous topography while reality is heterogeneous. Nevertheless the density of district roads is low comparing to the model, so the remaining one needs more capacity.

From Papendrecht we learn also that a district road appearing in a grid of neighbourhood roads can take over a neighbourhood function (superposition, we will discuss that in paragraph 2.4). That is another reason to increase its capacity and thereby its width.
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	Fig. 23 A Papendrecht detail
	Fig. 24 A central Dordrecht detail
	Fig. 25 Dordrecht some 350 years ago


	
	
	


So, we keep the model for the time being, because it keeps us attentive on regularities in the existing urban tissue to be applied in urban design.

By the way, Fig. 23 and Fig. 24 illustrate how much surface can be occupied by non residential functions, as we stated in paragraph 1.5. Fig. 25 shows what we call a city changes in time. Holland’s oldest city in the 17th century (Dordrecht) and Amsterdam were very large that time but now we call their surface (R=1km) a district. All other cities in the Atlas of Blaeua from 1652 are even smaller. They had a radius R=300m (walking distance). That is what we now call a neighbourhood. On Bleaus maps you see closed urban islands everywhere with closed corners as well. The urban density was much higher than we are used to nowadays. One of the factors of decreased density is the mobility space we need for cars and their parking lots. The way the urban islands became open allotments in the 20th century is described by Castex and Panerai.
 What would be the cause?

2 Two networks

There are other networks than roads (dry connections), for example the wet connections we add in this chapter. And they interfere, as we saw in Papendrecht. More kinds of networks like those of pedestrians, cyclists, public transport, rail and their characteristics we will elaborate later.

2.1 Names and scale

Everybody knows many names of wet and dry connections, regardless of their function (Fig. 26). They seem to fit nearly logarithmically on a constant difference of scale multiplying the mesh width each time approximately by 3. That rather precise scale articulation has practical backgrounds.
 

	NETWORK
	BLUE LEGEND
	BLACK LEGEND

	density
	mesh/

exit interval
	
	NAME
	nominal width
	NAME

	km/km2
	km nominally
	width 1%
	
	m 
	

	0.002
	1000
	(10000
	sea XE "sea" 
	
	

	0.007
	300
	3000
	lake XE "lake" 
	120
	continental highway  XE "continental highway" 

	0.02
	100
	1000
	stream XE "stream" /pond XE "pond" 
	100
	national highway XE "national highway" 

	0.07
	30
	300
	river XE "river" /waterway XE "waterway" 
	80
	regional highway XE "regional highway" 

	0,2
	10
	100
	brook XE "brook" /canal XE "canal" 
	70
	local highway XE "local highway" 

	0.7
	3
	30
	race XE "race" 
	60
	urban highway XE "highway" 

 XE "city highway" 

	2
	1
	10
	watercourse
	40
	district road

	7
	0.3
	3
	ditch
	30
	main street

	20
	0.1
	1
	small ditch
	20
	street

	70
	0.03
	0.3
	trench
	10
	path

	

	Fig. 26 Names of networks on the higher levels of scale

	


However, in reality  XE " wet connections " it is sometimes more, seldom less than 3 and often the highest and lowest orders are missing. For example clay grounds do not need trenches and sandy grounds start their drainage by brooks. In the same way rural areas do not need streets every 300m. In The Netherlands they start with roads every 1km as you can check on topographical maps
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	Fig. 27 The styling of wet connections
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	Fig. 28 The styling of dry connections

	


2.2 Functional charge of networks

These neutral names get their time-bound character by changing function. Dry and wet networks get their contemporary meaning by ‘functional charge’ XE "functional charge"  in Fig. 29. Their density implicates the level of investment.

	Nominal mesh width
	30m
	100m
	300m
	1km
	3km
	10km
	30km
	100km

	Density (km/km2)
	70
	20
	7
	2
	0.7
	0.2
	0.07
	0.02

	wet connections
	
	
	
	
	
	
	
	 

	name
	trench XE "trench" 
	small flooded ditch XE "ditch" 
	a flooded ditch
	watercourse XE "watercourse" 
	race XE "race" 
	brook XE "brook" 
	river XE "river" 
	lake XE "lake" 

	indicative width 1%
	
	1m
	3m
	10m
	30m
	100m
	300m
	1000m

	other names
	
	
	stream
	stream
	stream
	stream
	
	 

	 
	
	urban canal XE "canal" 

 XE "urban canal" 
	urban canal
	urban canal
	urban canal
	industrial canal/waterway XE "waterway" 
	canal
	canal

	 functions
	draining
	drainage pool XE "drainage pool"  (from polders)
	
	 

	Nominal mesh width
	30m
	100m
	300m
	1km
	3km
	10km
	30km
	100km

	dry connections
	
	
	
	
	
	
	
	 

	name
	path XE "path" 
	street XE "street" 
	main street XE "main street" 
	road XE "road" 
	urban highway XE "highway" 

 XE "urban highway" 
	local highway XE "local highway" 
	regional highway XE "regional highway" 
	national highway XE "national highway" 

	an exit every ...km
	10m
	30m
	100m
	300m
	1km
	3km
	10km
	30km

	indicative width
	10m
	20m
	30m
	40m
	60m
	70m
	80m
	100m 

	functions
	pavement XE "pavement" 
	opening to a hamlet XE "opening to a hamlet" 
	neighbourhood street XE "neighbourhood street" 
	district road XE "district road" , village road XE "village road" , country road XE "country road" 
	urban highway, main road
	urban highway
	provincial highway XE "provincial highway" 
	national highway

	 
	footpath XE "footpath" 
	residential walk XE "residential walk" 
	walking route XE "walking route" 
	cycle route XE "cycle route" 
	cycle ride XE "cycle ride" 
	
	
	 

	Duurzaam Veilig XE "Duurzaam Veilig"  (long-term safety)
	Woonpad, free of cars
	Woonstraat, restricted entry for cars
	Erf​​toegangs​weg, sojourn function
	Gebieds​Onsluitings​Weg, opening to an area
	Stroomweg, throughway XE "throughway" 
	
	
	 

	public
	
	
	
	
	bus XE "bus" 
	express XE "express" 
	fast bus XE "fast bus" 
	Interliner XE "Interliner" 

	Nominal mesh width
	30m
	100m
	300m
	1km
	3km
	10km
	30km
	100km

	railway line
	
	
	
	
	tram XE "tram" 
	lightrail XE "lightrail" 
	regional 
	national

	a supportive base
	
	
	
	
	300m
	1km
	3km
	10km

	functions
	
	
	
	
	
	the underground XE "underground" /metro XE "metro" 
	local train XE "local train" 
	intercity train XE "intercity train" , Argus XE "Argus" 

	 
	 
	 
	 
	 
	hybrid systems XE "hybrid systems" 
	hybrid systems
	hybrid systems
	 

	

	Fig. 29 The time-related functional charge of networks

	


2.3 Rectangularity forced  by connections of a higher level

The most efficient enclosure is made by surrounding the enclosed area with a minimum length of road. As well known, the result is a circle. But in a continuous network, it is approximated by a hexagonal system. This minimal ratio between periphery and area is demonstrated 3D by many natural phenomena
 (cells in a tissue) where preference is given to a minimal ratio between outer area and inner content. A good example is a cluster of soap bubbles XE "soap bubble" . A cluster of soap bubbles forced into a thin layer produces a two-dimensional variant. The bubbles arrange themselves in polygons with an average of six angles.

However, if one pulls a thread through them, the nearest bubbles will re-arrange themselves again into an orthogonal pattern (Fig. 30). Urban developments from radial to tangential can also be interpreted against this background. The interlocal connections pull the radial system straight, as it were. The additional demand for straight connections over a distance longer than that between two side roads (here called a ‘stretch’ XE "stretch" ) introduces rectangularity. Every deflection from the orthogonal system then is less efficient.

This can be clarified by engaging in a thought experiment: Imagine a rectangular framework with hinged corners that is completely filled with marbles. If one re-shapes this framework into an ever narrower parallelogram, then there will be space for fewer and fewer marbles, so, in every case, the rectangular shape proves to be optimal, in this respect. The only network that could compete with this, which has lines running from a rectangular lattice, is a triangular lattice, but it is immediately clear that it is inferior because of its unfavourable perifery/area ratio. For instance, the parallelogram in the thought experiment that became ever more skew, matches an angle of 60° in an equilateral triangular lattice. Apart from the disadvantage caused by deviating from the right angle, an extra connecting line is needed to cut the parallelogram into two equilateral triangles.
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	Hildebrandt and Tromba (1989) 

	

	Fig. 30  The formation of right angles
	Fig. 31  Length (L) and width (W) of the mesh for a given net density of (D=2)

	
	


Fig. 31 shows a sequence of relationships between mesh width XE "mesh width"  and length in rectangular meshes XE " meshes"  with a net density XE "net density"  of 2 km per km2 (the same density means the same investment!).
Length and width of squares are 2/density. The same density also occurs in a pattern of roads that go infinitely in one direction every 0.5 km. Thus, when the length and width of the mesh 1/d = 0.5 km, the ratio between length and width is at its limit. In that case, where the net density is 2 km per km2  there can be no ‘crossroads’ XE "crossroads"  any more. This consideration only applies to an orthogonal system.

2.4 Superposition of levels

In connection with the red and blue legend one can imagine their superposition XE "superposition"  as follows:
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	Fig. 32 Superposition of networks

	


Urban area is radially crossed or tangentially surrounded by infrastructure.

By superposition of the higher order over the lower order, the density of the lower order decreases.

By superposing the wet connections over or under the dry connections, both networks interfere (interference, see page 21 XE "interference" ).

2.5 Interference of different networks

When one lays different (dry and wet) networks over each other, an interference XE "interference(networks)"  occurs that defines the number of crossings XE "crossings" , and, because of this, the level of investment in civil engineering constructions XE "civil engineering constructions"  (Fig. 33).This can be done in different ways. Separating instead of bundling them fragments space more. The diversity of interference has important impacts on ecology and cultural identity.

	[image: image35.png]NAT DROOG

] 3KM VIERKANT
stad aan de rivier 3K VIERKANT
stad met breed water
18 kruisingen
per 100km?
—
—
Stad met grachten
3km NAT 3KM DROOG
VIERKANT GESTREKT 18 kruisingen
per 100km?
3km NAT 3KM DROOG
GESTREKT VIERKANT 18 kruisingen
per 100km?
: locale snelweg
viiet 10km osare
3KM GESTREKT
tocht 3km Sadssnelweg GEBUNDELD
10 kruisingen
per 100km?
rivior 30km regionale snoheg Jokm






	

	Fig. 33 Interference between wet and dry networks.

	


The position of urban areas with respect to orders of magnitude of water and roads dictates their character to a large extent. The elongation XE "elongation(networks)"  (stretching) XE "stretching"  of networks XE "networks(elongation, bundling)"  reduces the need for engineering constructions when their meshes lie in the same direction. If one bundles them together, this also helps to prevent fragmentation XE "fragmentation" . The aim of the ‘Two network strategy XE "dual network strategy" ’, on the other hand, is to position water, as a ‘green network XE "network(green, water)" 

 XE "green network(water)" ’, as far way as possible from the roads (in an alternating XE "networks(alternating)"  manner). However, this has the effect of increasing fragmentation by roads and watercourses. 

3 Crossings

Mutually crossings XE "crossings"  of waterways seldom separate their courses vertically (Fig. 34) as motorways do (Fig. 35). 
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	Ankum (2003) page 160
	Standaard and Elmar (?)

	Fig. 34  Crossing of separated waterways
	Fig. 35  Crossings of highways

	
	


More often their water levels are separated by locks or become inaccessible for ships by weirs or siphons.

However, crossings between ways and waterways have to be separated vertically in full function anyhow. And they often occur.
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	Fig. 36 Rivers, canals and brooks
	Fig. 37 Superposition races
	Fig. 38 Interference with highways
	Fig. 39 Interference with highways and railways

	
	
	
	


3.1 The same kind and level
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	A.S.V.V.(2004): 12.3.1
	A.S.V.V.(2004): 11.2.3

	Fig. 40 R=300m Erfontsluitingsweg Kruispunt - voor gemengd verkeer
	Fig. 41 R=1km GOW Enkelstrooksrotonde - met vrijliggend fietspad en fietsers in de voorrang

	
	


3.2 Limitating crossing movements

Camillo Sitte
 already showed T crossings have less conflict points (Fig. 42). Modern roundabouts translate a normal crossing in 4 T-crossings.
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	Camillo Sitte (1889) XE "Sitte (1889)"  Der Städtebau nach seinen künstlerische Grundsätzen 
	Bach en De Jong  (2004)

	Fig. 42 Less conflict points in T-crossings XE "T-kruisingen" 
	Fig. 43 An actual roundabout

	
	


Before roundabouts came into use, attempts were made to design safer T-crossings on town (R=3km) and district (R-1km) level.
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	B. van Gent (1999), p. 2/6;

Bach 40827k ZoetermBas v Gent55.jpg
	Uit: CDRom de nationale Stratengids van Nederland met kaarten van de Topografische Dienst te Emmen (Den Haag) Citydisc; Bach 40827k ZoetermeerBasisKaart.jpg

	Fig. 44  Sketch  Zoetermeer 1969 XE "Zoetermeer(1969)" 
	Fig. 45  Actual situation
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	B. van Gent (1999) XE "Gent (1999)" , p. 2/30

Bach 40827 ZoetermeerBuurtOntw.jpg
	Uit: CDRom de nationale Stratengids van Nederland met kaarten van de Topografische Dienst te Emmen (Den Haag) Citydisc

	Fig. 46  Sketch for district Driemanspolder-West (Meerzicht XE "Meerzicht" )
	Fig. 47  Actual situation

	
	


However, gaining safety this way produced faster driving. So T-crossings did not produce more safety after all. Moreover, non-perpendicular T-crossings make orientation more difficult. Roundabouts are safer.

3.3 Crossings of the same kind and different level
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	A.S.V.V.(2004): 11.2.5
	A.S.V.V.(2004): 10.1

	Fig. 48 Middengeleider - bij kruispunt R=1km GebiedsOntsluitingsWeg – R=300m Erftoegangsweg
	Fig. 49 Haarlemmermeer​oplossing - bij kruispunt R=3km Stroomweg – R=1km GebiedsOntsluitingsWeg

	
	


3.4 Tunnels

3D crossings need slopes. Fig. 50 in its first calculation shows a highway on 2m with slopes on both sides, totally 43m wide. The tunnel can be made on –1m, so the slopes meet nearly on 0m making the total width 44.4m. 

	First calculation
	
	talud
	zijberm
	rijbaan
	middenberm
	daglichtschacht
	middenberm
	rijbaan
	zijberm
	talud

	m hoogte wegdek
	2,00
	
	
	
	
	
	
	
	
	

	m breedte met taluds
	43,00
	10,00
	2,00
	7,00
	1,00
	3,00
	1,00
	7,00
	2,00
	10,00

	m tunnelhoogte
	2,40
	
	
	
	
	
	
	
	
	

	brugdek
	0,50
	
	
	
	
	
	
	
	
	

	m totale breedte met 2 normale fietshellingen
	44,40
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	Second calculation

	m hoogte wegdek
	0,10
	
	
	
	
	
	
	
	
	

	m breedte met taluds
	24,00
	0,50
	2,00
	7,00
	1,00
	3,00
	1,00
	7,00
	2,00
	0,50

	m tunnelhoogte
	2,40
	
	
	
	
	
	
	
	
	

	brugdek
	0,60
	
	
	
	
	
	
	
	
	

	m totale breedte met 2 normale fietshellingen
	197,13
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	Fig. 50 Two calculations of slopes in a tunnel for cyclists below a highway

	


However, Fig. 50 in its second calculation shows a highway on 0.1m height without slopes. You have to dig out the tunnel until –2.9m. By doing so, you need cycle slopes of more than 80m at both sides. The tunnel construction extends to 197.13m width. Imagine the problems to keep it dry, imagine the costs, imagine the problems you raise designing the adjacent neighbourhoods.

3.5 Crossings of different kind and level

Especially when the canal XE "canal"  is a belt canal XE "belt canal"  with a higher level then the other waterways many complications arise. Extra space is needed for weirs, dikes and sluices, perhaps even locks and many slopes XE "slopes(road)"  not useful for building. The slope the city highway gets from crossing the high belt canal could force to make a tunnel instead of a bridge. Anyhow, several expensive bridges will be necessary and some of them will be dropped from the budget, causing traffic dilemmas elsewhere.
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	Fig. 51 Neighbourhood street crossing canal and railroad in Utrecht

	


The slope behind the bridge in Fig. 51 is not steep enough to get a tunnel under the railway high enough for busses (2.60m here is too low).

3.6 Count your crossings (costs)

Fig. 52 shows how different dry and wet networks XE "networks(dry, wet)"  in different orders cause crossings XE "crossings"  of different kinds.
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	Jong (2001)

	Fig. 52 Interference of dry and wet networks in different orders causing crossings of different kinds

	
	


Trenches and ditches become drains or (underneath roads) culverts in the urban area, but main ditches XE "ditches"  (3m wide) and water courses XE "races"  (10m) or even larger waterways have to be crossed by bridges XE "bridges" .

From 6 different kinds of interfering crossing in Fig. 52, Fig. 53 counts 35 crossings in 5 types.

	
	residential streets (20m wide)
	neighbourhood streets (30m wide)
	district roads

(40m wide)

	main ditches (3m wide)
	16
	8
	4

	water courses (10m wide)
	
	5
	2

	
	
	
	

	Fig. 53 Five types of interfering crossings supposed in Fig. 52

	
	
	
	


And there are superposed crossings as well.

4 Managing surface

4.1 Ensembles (R=100m)

Fig. 54 and Fig. 55 show two allotments of 100 dwellings ( 225 inhabitants) in rows of 10 on 1.8 ha. So, there are  56 dwellings/ha and FSI= 56% while the floor space per two storey dwelling is 100m2. From total area 62% surface is for sale and 38% is public space including 1 parking place per dwelling and roadway pavement of 3.2m wide.
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	PPD-ZH(1970)

	Fig. 54  100 dwellings along residential streets with parking in front of the house: 15% pavement, 23% green area
	Fig. 55  Reduced pavement by residential paths, parking at 1 minute walk: 10% pavement, 28% green area
	Fig. 56 Reduction of street pavement, increase of green area comparing Fig. 54 and Fig. 55

	
	
	


However, in Fig. 55 parking is concentrated at the boundaries. People have to walk 1 minute more than in Fig. 54 to reach their cars, partly living at residential paths, saving 1/3 of pavement! That reduces municipal costs (or ground prices and taxes for private persons) substantially. By doing so, there is 1/5 more green area (5% green of total area), resulting in a much greener look without cars. That area could become public green, but it can be sold as well reducing municipal costs again.

The disadvantage is, you can not easily come close to your home with luggage, moving vans and other vehicles. And you can not see your car from your home.

4.2 Neighbourhoods (R=300m)

Multiplying a module like Fig. 55 by 8 around a centre, produces a neighbourhood of 1800 inhabitants, enough for some facilities like a school (1ha black square in Fig. 57 to Fig. 59) , playgrounds, some shops and enterprises or public facilities. By locating parking spaces at the boundaries of the ensembles, at daytime some residential parking space can be used by users of the facilities, avoiding extra facility parking space.
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	Fig. 57  300m central road
	Fig. 58  1800m peripheral one way road substituting 600m residential street
	Fig. 59  900m peripheral road substituting 300m residential street, central parking

	
	
	


A central neighbourhood road costs least pavement, but it divides the neighbourhood and the school in two parts (Fig. 57). A peripheral road costs much more road length, unless it is part of a grid used for adjacent neighbourhoods as well. A one way solution (Fig. 58) may half pavement and barrier effect. A one sided peripheral road leaves the other side open to the field. Concentrated parking on neighbourhood level could mean a 5 minute walk to your car (Fig. 59).

However, these choices are often subordinate to the environment, mostly a district grid (Fig. 60).

4.3 Districts (R=1km)

Multiplying the module from Fig. 57 by 4 (7200 inhabitants) the surface fits in a 1x1km grid of district roads (40 wide), leaving open a 30m surrounding margin and a centre (Fig. 60). That centre can be used for additional district green, facilities or housing (4ha black square), utilizing concentrated residential parking in day time. The grid permits to leave out 1200 m neighbourhood streets according to the model of Fig. 21, but asks 8x90=720m extra residential roads to give access to all ensembles.
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	Fig. 60  A small district or district quarter
	Fig. 61 Same built-up area optically full or empty


	
	


Fig. 61 shows the optical principle of leaving the centre open, applied in Fig. 60 on the level of the quarter and its centre: the same surface left (4x6=24) gives a more spacious effect located in the periphery (6x8-4x6=24 as well). On an even smaller scale that principle  Fig. 58 shows another principle of central squares: do not make a crossing, give access roads along the square a view on larger buildings (here schools). Berlage designing the Mercator square in Amsterdam called it the ‘turbine principle’. The resulting T-crossings refer to Camillo Sitte as cited before.

4.4 District grids

Fig. 60 showed how a regular grid of district roads and neighbour streets solves some problems arising if you look at an isolated neighbourhood only. The most famous urban grid is built in Barcelona, designed by Cerdà (1867).
 He designed urban islands in squares of normally 133x133m (Fig. 62).

A neighbourhood contained 25 islands (R=300m!) with bevelled 16m high building blocks making small squares on all crossings (Fig. 63). The islands are enclosed by residential streets of 20m wide (Fig. 64), neighbourhoods by neighbourhood roads of 30m wide (Fig. 65), district (4 neighbourhoods) by district roads of 50m wide with a large median strip (Fig. 66). A district had a market.
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	Fig. 62 Plan Cerdà (1867)  in Barcelona
	Fig. 63 A Cerdà neighbourhood
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	Fig. 64 Streets 20m 
	Fig. 65 Roads 30m
	Fig. 66 District roads 50m wide

	
	
	


The hexagonal grid proposed by the American traffic expert Buchanan (1963)
, drawn at the same scale in Fig. 67 is in sharp contrast, but it produces neighbourhoods at the same scale R=300m.
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	Fig. 67 The Buchanan grid put in a square 2x2km

	


Bach (2006) sums up the advantages of a rectangular grid concerning its flexibility giving next examples here all drawn at the same scale in a square of 1x1km.
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	Fig. 68 Making a short cut as long as the detour
	Fig. 69 Easily providing a centre
	Fig. 70 Easily diminishing access crossings
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	Fig. 71 Easily introducing one way traffic
	Fig. 72 Easily giving way to other networks like cycle paths
	Fig. 73 Easily accepting ongoing green lines
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	Fig. 74 Exceptions draw special attention
	Fig. 75 Easy hinging to other grids
	Fig. 76 Crooked grids keep easy orientation

	[image: image79.png]——  Stroomweg 70 km/u met vrijliggend locaal verkeer ook op kruisingen
——  Gebiedsontsluitingsweg (GOW) 50km/u, met vrijiggend langzaam verkeer langs de weg

——  Erftoegangsweg, 30km/u zone

’ Verbijfsgebied

- 1000m





	

	Fig. 77 A grid makes appointments like Dutch Duurzaam Veilig easy to explain 

	
	
	


As discussed on page 18 by thought experiment, the content of a crooked grid (Fig. 76) is less than a rectangular one, while its outline is the same as the square. So, it will cost more pavement per inhabitant.

4.5 Towns from spider to fly in a web
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	Provincie Utrecht (1866)
	CityDisc (2001) Stratengids (Den Haag) CDrom

	Fig. 78 Utrecht from radials in 1866 …
	Fig. 79 via tangents into a large-scale grid.

	
	


4.6 Network types per level of scale
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	R=1km
	R=3km
	R=10km
	R=0.1-10km

	Fig. 80 Shortest path
	Fig. 81 Radial
	Fig. 82 Stops
	Fig. 83 Grid
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	R=30km
	R=100km

	Fig. 84 Regional networks
	Fig. 85 National networks
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	R=300km
	R=1000km

	Fig. 86 Fluvial networks
	Fig. 87 Continental networks

	
	


5 Slow traffic connecting urban life

The pedestrian is the basal connector of urban life and all other kinds of its traffic. Not taking care for the pedestrian fragments the residential area, the neighbourhood, the district and the town. It increases casualties promoting the car and these processes strengthen each other. So, care for the pedestrian is the core of urban design. That (p)art of urban design is discussed thoroughly by Bach (2006). So, in this chapter we only summarize some highlights from his work. The cycle increases the velocity reached by human power in flat countries, extending what we call slow traffic, elongating its tracks.

5.1 Pedestrians
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	R=300m
	R=300m

	Fig. 88 Reichow: car first
	Fig. 89 Runcorn:  pedestrian first
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	Fig. 90 Cars dividing a neighbourhood
	Fig. 91 Traffic calming

	
	


5.2 Cyclists

Cyclists and pedestrians take the shortest way.

So, they introduce radial lines and new crossings in car oriented grids that force detours.
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	Fig. 92 Radial with a minimum of crossings

	


6 The 4th network: public transport

6.1 Busses and stops
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	Fig. 93 Collecting travellers
	Fig. 94 Connecting travellers
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	Fig. 95 An island type of central bus station
	Fig. 96 A herringbone type of central bus station
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	Fig. 97 Bachs (2006) bus stop concerning passengers’ demands
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	Fig. 98 An artists’ bus stop
	Fig. 99 A Curitiba bus stop

	
	


6.2 Tramways and metro

	
	bus
	tram
	fast tram
	(semi)metro
	NS-sprinter

	min.
	0,0
	0,0
	0,0
	0,0
	0,0

	km radius served area
	0,3
	0,3
	0,5
	0,6
	0,8

	max.
	0,4
	0,4
	0,6
	0,8
	1,0

	min.
	0,3
	0,3
	0,4
	0,7
	1,5

	km stop distance
	0,4
	0,4
	0,6
	1,1
	1,8

	max.
	0,5
	0,5
	0,7
	1,4
	2,0

	min.
	12
	12
	18
	30
	40

	km/h velocity
	16
	16
	22
	35
	45

	max.
	20
	20
	25
	40
	50

	min.
	2
	2
	4
	5
	7

	km average ride
	4
	4
	7
	10
	14

	max.
	6
	6
	10
	14
	20

	minutes ride
	15
	15
	20
	16
	18

	stops per ride
	10
	10
	13
	9
	8

	min.
	1000
	1667
	3333
	8000
	13333

	passengers per hour
	2000
	3333
	6667
	16000
	26667

	max.
	3000
	5000
	10000
	24000
	40000

	passengers per stop
	200
	333
	524
	1768
	3457

	
	
	
	
	
	

	Fig. 100 Some characteristics of urban public transport

	
	
	
	
	
	


Light rail combines all velocities.

From Fig. 100 you can draw pictures like Fig. 101.
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	R=0.6km

	Fig. 101 A metro with 0.6km radius of served area around a stop and 1.1 stop distance from Fig. 100

	


Supposed you know the line length of Fig. 101 (for example 10km), you can calculate the number of stops (9+1) and the km2 served area (10R2 minus overlaps) of all stops together. Supposed you know the number of served inhabitants per hectare (100) and the %inhabitants expected to use metro (14%, see Fig. 100) you can calculate the number of passengers per day (15144, Fig. 102). That will determine whether the line is exploitable or not.

	km line length
	10
	
	inh. / dwelling
	dwellings/ha
	m2 Floor Space /dwelling 
	%FS (100%*FSI)

	distance between stops
	1.1
	
	
	
	
	

	number of stops (9+1)
	10
	
	
	
	
	

	km² served area
	11
	
	
	
	
	

	inh./ha
	100
	for example: 
	2,3
	43
	100
	43%

	number of served inhabitants
	110195
	
	
	
	
	

	14% passengers per day
	15144
	
	
	
	
	

	
	
	
	
	
	
	

	Fig. 102 Calculating the profit of the metro line from Fig. 101

	
	
	
	
	
	
	


6.3 Railways and Stations
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	Fig. 103 A railway station accessible for cyclists, pedestrians and busses
	Fig. 104 A railway station for cars based on inner and outer turning circles of busses and cars
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	Fig. 105 Approaching the railway station according to Bach (2006)
	Fig. 106 Approaching the railway station according to Calthorpe 

	
	








� Simple quick profile drawings can be generated by Excel with a worksheet � HYPERLINK "http://team.bk.tudelft.nl/Databases/Databases.htm" ��http://team.bk.tudelft.nl/Databases/Databases.htm� > � HYPERLINK "http://team.bk.tudelft.nl/Databases/2005\\hierarchie.xls" �Wegprofielen maken met excel .xls�


� ASVV …


� Nes, R. v. and N. J. v. d. Zijpp (2000). Scale-factor 3 for hierarchical road networks: a natural phenomenon? (Delft) Trail Research School Delft University of Technology.


� Try it yourself, the programme is downloadable from � HYPERLINK "http://team.bk.tudelft.nl" ��http://team.bk.tudelft.nl� > Publications 2003


� The North an South sides of an urban island are best suitable for parking for two reasons. Their surface enlarges the North-South distance between outer walls of dwellings, giving more acces to sunlight, and the shadow of North walls is welcome to parked cars.


� CBS …


� � HYPERLINK "\\Bkteam\d$\InetPub\wwwroot\Databases\2005\" \l "'Noise calculation'!A1" ��calculated according to SRM1�


� It is calculated with a formula given in the thesis of Ruiter, E. P. J. (2004). The Great Canyon. Reclaiming land from urban traffic noise impact zones. (Zoetermeer) Peutz b.v.


� Downloadable from � HYPERLINK "http://team.bk.tudelft.nl/Databases/Databases.htm" ��http://team.bk.tudelft.nl/Databases/Databases.htm� > � HYPERLINK "http://team.bk.tudelft.nl/Databases/2005\\hierarchie.xls" �Wegprofielen maken met excel .xls�
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