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1. Introduction.

The Dutch Design Manud for Bicycde-friendly Infrastructure 'Sign up for the bike' providesthe tools
to designersfor a proper design of infrastructure to meet the needs of cyclists. One of the important
decisonsto be taken is the question whether cyclists and motorists will be using the same
carriageway or whether they will get there own space on the road. In this chapter we elucidate the
gpproach in the Dutch manudl.

Any road design should be based on a baance between the function, the form and the actud (or
expected) use of the infrastructure. In other words: the design should alow the envisaged traffic
flows and the expected manoeuvres. In relation to the matter of segregation or integration the
question is, in which Stuation which solution is most appropriate.

First of dl we start with alist of conceivable forms of integrated and segregated road profiles. In the
discusson on integration and segregation we can distinguish between :

- No segregation but integration of different modes.
* intwo directions,
*  oneway dreets,
*  oneway dreets dlowing cyclistsin the oppodte direction;
* with or without (Speed and/or intengity) restrictions for motor traffic.
- Visud segregation (road paint),
*  bicyde lanes (which have a bicycle logo on the pavement in order to give them alegd
status);
* virtud bicycle lanes (which have no logo and no legd datus);
- Physica segregation.
*  bicyderoutes following their own line
*  Bicydletracks alongside roads for motor traffic
- unilaterd in two directions (*)
- unilaterd in one direction
- two-sgded both in one direction (*)
- two-sded both in two directions

(*) Inthe Netherlands these are the most common types.
A physical segregation can be achieved in various ways, e.g. by averge between the carriageway

and the bicycdle track, by creating merdly a difference in level between carriageway and bicycle
track, or by putting afence in between.



In this chapter we won't go into details concerning the design of the different solutions and their
variants, but give the arguments and the criteriafor the choice between integration, visud segregation
and physica segregation.

2. Principle arguments pro and contra segregation and integration.
2.1 What isthe problem?

Discussions about separation and integration have their sarting point in the incompetibility of (fast
riding) motor traffic and non motorised traffic (i.e. bicycles and pedestrians). Thisincompatibility
has to do with insufficient safety for cydlistsin the first place. As safety correlates with the number of
encounters and the complexity of the traffic Stuation, thisis very obvious. But dso other qudity
agpects of cyding are affected by large numbers of fast riding motorists. The freedom of movement
(making the manoeuvres you want to make) is decreased. The presence of much traffic asks for
constant being on one's toes of the cyclists. And usudly heavy used roads are not the mogt attractive
one'sto use ether.

There are two gpproaches to overcome this incompatibility : integration and segregation. Both
approaches have their own merits and draw-backs.

2.2 Integration.

The gpproach of integration tries to solve the problem by adapting the drivers behaviour to the
circumstances. As insecurity is caused by the number and the speed of motor vehicles, the solution is
adecrease of the number of cars on the road, and an adjustment of their speed. Integration
underlines the equdity of al road users. All have the same freedom of movement. Moreover, no
extra space is needed for traffic purposes.

On the other hand parking manoeuvres of cars can be aggravating and dangerous for cycligts. In
narrow sreets the cyclist can have the feding that he/sheis aliving speed reducer (which might fed
uncomfortable). The cyclist can be hard pressed by cutting in cars a overtaking manoeuvres.

More generdly integration is asking for a certain attentiveness which is more required as intengties
and speed are higher. So the approach of integration is hardly applicable on sections or in areas
whereit is not possible to limit the number of motor vehicles or to reduce their speed effectively.
This has dso to do with the function of the road. Some through road are meant for large volumes of
traffic or for the use by heavy lorries. Physica speed-reducers loose their impact on ordinary cars
when they are dimensioned for heavy lorries. And on bus routes these speed-reducers are not
wanted.



2.3 Segregation.

The gpproach of segregation tries to solve the problem by giving the incompatible modes their own
territory. Thisis agood solution on road sections where there is enough space for the different
categories. (Segregated facilities usualy take more space than integrated facilities.) At intersections
the segregation can be redised by fly- overs (spatiad segregation) or by traffic lights (segregation in
time).

At road sections with segregated facilities cyclists are better protected, overtaking manoeuvres of
motorists are easier, cyclist are less affected by congestion, and cycling becomes more comfortable
asthe need for aertnessis decreased.

On the other hand the freedom of movement might be diminished, motorists will be more speeding,
while their level of atention for cyclistswill decrease. As very often thereis no (redl) segregation of
crossing flows at intersections, the construction of bicycle tracks may lead to a decrease of
accidents at the concerning road sections, but to an increase of accidents at intersections.

2.4 Balance of interests.

In the approach of segregation, the equality of modes is replaced by a baance of interests. Mostly
only alimited quantity of spaceis available, which has to be divided among the different categories
of road users. It is obvious that a category which islooked upon as less important, will haveto give
in, especidly when the available space is not enough to meet dl demands. On the other hand when
gpace is available, segregation leads to large-scae solutions and it enlarges the barrier effect of
roads.

In principle the gpproaches of integration and segregation can be complementary to each other.

- Segregation of modes (by means of tracks, fly- overs and tunnels) should be applied where
reduction of speed of fast driving carsis not possible or desirable.

- Reduction of speed (by physica measures) is necessary where different modes have to share the
same infragtructure (where segregation is undesirable or impossble).

- Smplifying manoeuvres are helpful in Stuations where modes inevitably meet each cther, in
order to make it easier to ded with the Stuation and to reduce the savereness of conflicts and
calligons. Thisagain implies speed reduction at these Sites.

In principleit is not difficult to agree with this complementarity. But when in practice segregetion is
redlised, often the free movement of cydlistsis redtricted. The interests of cyclists gppear not to put
enough weigh in the balance of interests. Too often segregation looks like aming for the free flow of
motorised traffic. Cyclists are banned to the side of the road, and in some European countries even
to the pavement. At intersections it is even worse. The created facilities have avery poor quality.
That is the reason why cyclists organisations in some European countries oppose againg obligatory
use of segregated bicycle fadilities. Aslong as planners don't give enough weight to the interests of
cycligtsto cometo abicycle friendly baance of interests, keen cyclists will have a preference for the
integrated approach. The greater their skillsto survive, the grester this preference. In fact this has
more to do with the insufficient quality of the actua design (which often doesn't comply with quality
requirements on aspects like comfort and directness) than with the principle of segregation. (A bad
desgn will dways be abad design.)



But it isonly fair to say that less sdlf-confident cyclists will sooner ask for segregated fecilities. A
well desgned bicyde track offers them the opportunity of unhindered and comfortable cydling.
Moreover, bicycle tracks can contribute to the coherency and recognisability of a bicycle route
network and for continuity of design at through bicycle routes. If the design of segregated facilities
has sufficient qudity, many objections againgt segregation will disgppear. Alignment and width of
segregated facilities are important aspectsin this respect.

3. Criteriafor incompatibility.
3.1 Critical speedsand intengities.

The speed and the intengity of the motor traffic are the main factors for the decison if and to which
extent different modes have to be segregated. Both intensity and speed influence the number of
overtaking manoeuvres, while the speed of the motor traffic isamain factor in the danger of these
Manoeuvres.

Theintengty of the bicycle traffic isin principle not decisive for the question whether segregation is
desirable or not. The danger on the road is not caused by cyclists, but by cars. If it is not safe for
many cydligs, it won't be safe for asmal number of cycliss either. The number of cydists however
has an influence on the urgency and the cost effectiveness of the condructing of a segregated facility.
The more cydigs will use the facility, the more paying the investment is. And of course the number
of cydigswill have an influence on the desgn as wdl. Widths will have an obvious reation to flow.

Apart from the intensity and the speed of motor traffic on the concerning road section in second
ingance a0 Stuationd factor are jointly of importance, such as the parking situation, the distance
between intersections et cetera

Strange enough there is only limited research available into the safety of cydlists on different road-
profiles with different combinations of car speed and intensity. Y et thereis need for criteria. The
following criteria have come about on the basis of practica experience and common sense. Recent
results of research however of the Dutch Ingtitute for Road Safety Research arein line with these
criteria

The next figure shows which kind of integration or segregation is necessary a what combinations of
intensity and speed of the motor traffic. Note that the speed isindicated as the actua speed on the
concerning road section not to be exceeded by more than 15% of the drivers (Ves). Thismight be
something different than the legd speed limit.
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Ves < 30 km/h. All modes can be mixed. The only reason to consder bicycle tracks or
bicycle lanesisfor the sake of continuity of design on connecting bicycle routes.

Speed and/or density of traffic flow make it an absolute necessity to segregate bicycles
and motor traffic. Separated bicycle tracks are the only option.

Some form of separation is needed, but visud separation (bicycle lanes) can be
acceptable as well.

In generd a profile without segregation is acceptable, but depending from circumstances
bicycle tracks or bicycle lanes can be desirable. (see below)

Bicycle tracks are desirable, but as dendties are low, amixed profile is acceptable.
However, we advise againgt bicycle lanes.

Thisgtudion is merdly theoretical.

3.2 Explanation of the shape of the diagram and the used values.

At speeds below 30 kmvh overtaking manoeuvres cause little danger. Disadvantages of segregation
(Iess manoeuvrability) will cancel the advantages (protection) eesily.

The curve between A and B shows above which combinations of intengity and speed (some kind of)
segregation is necessary. (This could be either avisud segregation, i.eabicycle lane, or a physica
segregation, i.e. abicycle track). The curve represents the following conditions:



- If 15% of al motor traffic has a gpeed of 80 kmvh or more (85% of motor traffic has a speed up
to 80 km/h), segregation becomes absolutely necessary, even if intengties are low. The
differences in speed make it impossible for motorists to react adequately to the presence of
cyclists on the road.

- Thecombination of an intengty of 10.000 private car equivaents or more of which 15% hasa
gpeed of 30 kmvh or more also makes it necessary to segregate motor traffic and bicycle traffic.

We assume that intensity and speed equaly contribute to the insecurity of cycligts. If so segregation
becomes necessary if the product of intensity and speed is above a certain congtant value. The curve
which indicates when segregation becomes necessary has the mathemetic shape of a hyperbola.

The curve between A and C shows above which combinations of intensities and speeds of the
motor traffic bicycle lanes are an insufficient solution. Concerning the applicability of bicyde lanes
the speed of motorists has more impact than concerning the question whether some form of
segregation is needed. Thisis because the risk of a severe accident on aroad section with bicycle
lanes increases rgpidly a higher speeds. Cyclists who, for whatever reason, leave the bicycle lane,
are not expected on the carriageway by motorists. Therefore they won't react in time to avoid an
accident. On roads with integrated modes car driver will anticipate more to cycligts.

The conditions are:

- When 15% of the motorists have speed of 60 knmvh or above, bicycle lanes are advised againgt.

- When 15% of the motorists have a speed of 30/h or more in combination with an intengty of
10.000 private car equivalents, bicycle lanes are advised againgt as well. The chance that the
bicycle lane will be abused isto big, and it becomes to difficult for cydist to leave the bicycle
lanes because of the many cars.

The shape of the curve is based on the assumption that for visua segregation the relation between
speed and safety is much stronger than the relation between intensity and safety.)

3.3 Other factorsto determine one's choice.

Asfar asthe diagram is not decisive about the desirable degree of segregation, one can usethe
following (mainly Stuationd) consderations :

- When there is much parking, we advise againgt bicycle lanes. These laneswill be abused as
parking space.

- A bicycletrack or lane can contribute to the coherency and recognisability of abicycle route. If
aroad section is an important link in the bicycle network, this could be an argument in favour of
asegregated facility.

- When there are many (large) intersections, bicycle tracks will loose their value. The comfort of
untroubled cyding will be affected negatively by the necessity of being careful at intersections.
(When only minor Streets are entering the road, thisisless aproblem.)

- Incase of oneway streets with permitted cycling in the opposite direction, segregation (contra
flow lanes or tracks) is more desirable than in other Situations.

- When dso trams use the road, physical segregation is desirable.



4. How to deal with thecriteria.

From the criteriaiit can appear that in a given Stuation an integrated profile doesn't comply. This
doesn't imply necessarily the congtruction of abicycle track. The other possibility isto take away the
source of the incompatibility by changing the composition of the traffic flow. From the criteriaone
can learn which characterigtics of the traffic flow or the Stuation can be changed for the safety of
cydids:

- The speed of the motor traffic can be decreased (by physical measures);

- Theintengty of thetraffic flow can be diminished (by changing the circulaion system);
- The parking Situation can be atered;

- Theintersections can be changed.

Whether one will choose for dtering the characteristics of the traffic compostion or for the

construction of segregated bicycle facilities depends from severa factors:
The function of the concerning road section for both the motorists and cydligts;

- The spatid posshilities,

- The scenic or urban characteristics of the road;

- Other redtrictive circumstances, like the presence of public transport and the necessary
accessihility for the fire brigade and such;

- And last but not least : the coherence and continuity of the bicycle route network.

The mentioned congderations imply that on a connecting bicycle route the choice will be rather in
favour of segregation. Thisfor the matter of continuity and recognisability of the bicycle route. On
the other hand on sections which are meant to open up the area, the choice will rather be for
integration. Thiswill make al destinations dongside the section ble.

There is one more remark to be made. The diagram shows the acceptable options at different
combinations of speed and intensities. 'Acceptable’ doesn't imply that the outcome is aways an ided
solution. Whenever integrated solutions are chosen, the qudity for cydists will be improved by
reducing speed and flow of the motor traffic.

5. Inter sections.

In the discussion about segregation and integration intersections play an important role. As stated
earlier, segregated bicycle tracks loose much of thelr effectiveness (i.e. dlowing for safe and
unhindered cyding) when a intersections cydists and motorigts il have many conflicting
manoeuvres. As one of the main points of segregation is to avoid encounters with motorists, dso the
design of intersections should be amed at thisgod.

Red segregation of modes on intersections can be realised by the use of fly-overs or underpasses,
and by segregation in time, i.e. by the use of traffic lights. Both these methods have serious draw
backs. Segregation in time by traffic lights will cause dday; in the digtribution of green light the
cydigs will have to compete with motorists. And if cyclists must have their own phase in the cycle of
lights, waiting timeswill increase for al road users. This will make cydigts (and other road users)
proneto hitting the red light more often. Fly- overs on the other hand are often atoo large scae
solution. Their gpplication forces cyclists to make detours, and to bridge over differencesin heights.
Practicd circumstances often limit their usability.



In the Netherlands there is a grown practice of aless comprehensive form of segregation at
intersections: bicycle tracks or bicycle lanes are continued across the intersection, thus providing the
cycligstheir own space in the intersection area. However, cyclists still have to cross the stream of
traffic at street level. Whether this partia segregation or designation is recommended depends not
only on intengties and speeds on the crossing, but aso on:

- the course of the bicycle connection(s) at the intersection;
- thepresence of bicycle tracks and bicycle lanes on the feeder roads;
- the dominating manoeuvres a or near the intersection.

Advantages of this type of segregated facilities at an intersections are;

- Segregated facilities give cycligs their own space a the intersection, which dlowsthem to
overtake waiting cars and to pass by the intersection unhindered by other traffic;

- Segregated facilities can provide a protected position where cyclists can estimate the possibilities
for crossing,;

- Segregated facilities a an intersection underline the continuity of the facilities at feeder roads,

- Segregated facilities dlow for giving priority to cydigsin the adjustment of traffic lights.

- Dedgnated facilities underline the presence of cycligs at the intersection and indicate where
encounters can be expected.

But there are a so serious draw backs:

- Segregated facilities lead to large scae solutions.

- Sagregated facilities make the Stuation more complex and thus creete only pseudo safety.

- Segregated facilities sometimes forces cycligts to plit up aleft turn manoeuvre in two separated
crossng manoeuvres, which lengthens the riding curve, and might cause some delay aswell.

Therefore only in case of high intengities of motorised traffic the advantages counterbaance enough
the drawbacks of segregated bicycle facilities on intersections.

The solution of the roundabout should be mentioned here as well. The principle of aroundabout isto
smplify manoeuvres at intersections in order to make it easier to ded with the Situation. For the
safety of cyclistslow speeds at the roundabout are essentia. The roundabouts 'new style' gpplied
today in the Netherlands have a geometry (narrow curves, only one lane) which isaiming & reducing
speed. In this circumstances integration on intersection is more often possible than otherwise would
be the case. But also roundabouts with separated bicycle tracks are constructed. And again it isan
ongoing discussion how the shape of the design should be and whether cyclists on the roundabout
can have the same priority as motor traffic on the roundaboui.

6. Conclusion.

'Sign up for the bike, (Dutch) Design manud for a cycle-friendly infrastructure gives rather clear
guiddines for the question in which stuations cydists should get their own segregeted infrastructure,
and when integration is a more appropriate solution. In this chapter we have discussed rather the
principle than the daboration of the principle. But it isonly fair to say that these guidelines are most
convincing in respect to road sections, because we know which form is appropriate for the



envisaged function of the road section and the expected use of it. For intersections, however, thisis
less clear. Though we certainly have some knowledge about the design of intersections, this
knowledge is not al-embracing. A more fundamental approach of the design of intersections from
the perspective of the cyclist Htill is needed.

(This paper was origindly written for the VVelo-city conference in Nottingham (1993). A dightly
updated version was published in The Greening of the Urban Transport edition 11, edited by Rodney
Tolley, 1997)



