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1. List of systems 

 
The systems we present are: 

 

v The Bus Rapid Transit 

 

Ø the buses on busways 

Ø the trolleybuses on busways 

Ø the tramway on tyres: 

§ the Translohr 

§ the TVR 

§ the CIVIS 

§ the Phileas 

 

v The Light Rail Transit 

Ø the modern tramway or light rail transit 
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2. Vehicle characteristics: rolling stocks, diagram of 
vehicles 

2.1. The Obstacle Limit Gauge OLG 

The notion of Obstacle Limit Gauge (OLG)1 is an essential element, which is entering in the 

GAME:  

v in the conception of guided transit systems (it is done reference to OLG in the 

infrastructures measurement), 

v in operation of these systems (the preservation of OLG is a necessary condition of 

their efficacity and their safety). 

 

Generally the OLG is materialized on the ground by another kind of skin, another color of the 

surface ground. 

 

Definition of OLG: it is said about a guided mode on rails or not: maximum hull in which 

there is the vehicle, taking into account the differents dynamics debattement possible. 

 

The static gauge of a vehicle corresponds to its OLG when the vehicle is stopped. 

The dynamic gauge takes into account some transversal movements (inclinaison et déport de 

caisse) linked to the dynamics of vehicle and also some defects of the track. 

 

La lame d’air is another supplementary interface of safety. 

 

The OLG of a vehicle corresponds to dynamic gauge increased of the lames d’air of safety in 

the manner to make impossible all physical contact with a permanently fitted obstacle. 

2.1.1. Appreciation of OLG 

The interest to mark the OLG of guided transit ist essential and completely agreed by 

operators as linked to safety and to efficacy of their system. 

Before all it is act to give to disposition of the driver of the guided transit system a tool that 

may allow to verify permanently the lack of potential conflict by checking: 

v that the OLG is not “engaged” by a user tiers; 

v that there is not a fitted obstacle in the corresponding zone. 

 

The materialization of the OGL is equally profitable in term of operation, by reducing the 

stopping risks of the line and services interruption linked to incidents and accidents. 

 

Targets announced are : 

v To make the driver to understand the circulabilité of its vehicle in relation with the 

fitted obstacle 

v To authorize the drivers to engage the gauge of the tramway with all the safety 

v To authorize the users tiers that they do not gêner the tramway 

v To improve the lecture of the space for motorists and pedestrians by identifying at best 

the right of way. 

v To inform reciprocally drivers of tramways and other users. 

 

                                                
1 Obstacle Limit Gauge : Gabarit Limite d’Obstacle (GLO) 
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In the spirit of masters of works and operators, the OLG gives attention to the guided transit 

vehicules drivers first, but it is well question for most of them of “reciprocal” information and 

mutual knowledge of usable spaces by each. 

2.1.2. Definition 

The OLG of a guided mode is the maximal enveloped volume in which the vehicle is 

inscribed, taking into account of diverses previsible dynamic debattement; 

It is determined from the dynamic gauge of the vehicle given by the manufacturer increased 

by the lames d’air of safety. 

Consequently, the OLG defines the interior space from which any fitted obstacle cannot be 

installed, except anyway the edge of the platform where it is taken a peculiar value taking 

account of the reduced speed of the vehicle in the station, of the good foundation and good 

link of the platform with the track restricting the possible differential deformities. 

2.1.3. Width of OLG 

Here in the Table 1 below we summarize the width of OLG adopted for surface guided transit 

systems in France. 

 

Network Rolling stock Gauge in meter Clearance O.L.G.in line 

  Static Dynamic In meter In meter 

Lyon* Citadis 302 2.40 2.70 0.15 3.00/5.852 

Paris* TFS3 2.30 2.506 0.15 2.806/5.462 

Orléans Citadis 2.32 2.62 0.15 2.92/ 

Lille Breda 2.51 2.61/3.0344 0.15 2.91/5.67 

Nantes Bombardier/ADTranz 2.47 2.696 0.15 3.0185 

Nantes TFS 2.36 2.718 0.15 3.018/5.886 

Rouen TFS 2.30 2.60 0.15 2.90 

Montpellier Citadis 401 2.60 2.95 0.15 4.25/6.40/6.806 

Saint Etienne Alstom bi-stocks 

metric track 

2.10 2.30 0.15/0.707 2.60/5.30 

Grenoble* TFS 2.30 2.506 0.15 2.806/5.462 

Nancy TVR 2.50    

Caen* TVR 2.50 2.8465 0.15 3.146/6.143 

Douai* Phileas 2.55 2.785 0.15 3.085/6.4988 

Clermont Ferrand* Translohr 2.20 2.505 0.15 2.805/5.46/5.929 

Rouen* Civis 2.47 2.65 0.15 2.95/5.75/5.95
10 

Source : Certu, 2006 some figures in italic are calculated by the authors* 

 

 

Table 1 : width of OLG (Source : Certu, 2006) 

                                                
2 Value given for 2 tracks 
3 TFS : Tramway Français Standard 1st generation : Grenoble, T1 Bobigny-St Denis (Paris), T2 Trans Val de 

Seine, Rouen. 
4 Value in a curb 
5 The 2 types of Tramway are operated on the network : the higher value of OLG is kept 
6 For 2 tracks, 6.40 m without catenary’s pole between the tracks, 6.80 m with a pole 
7 value of Lame d’air between 2 tracks 
8 6.498 m represents the OLG double track with a central lame d’air of only 0.150 m. 
9 5.46 m if catenary poles outside the track platform and 5.92 m with axial poles 
10 5.95 if catenary pole axial (0.20m) 
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2.1.4. Rules of implantation of fitted obstacles 

 

2.1.4.1.Target 

The target is to prevent a free zone of all obstacles en aval of junctions in each direction of 

traffic, to limit the crash of a vehicle tiers between a fitted obstacle and a tramway and to not 

alter its safety space. 

 

2.1.4.2.Width of the zone 

The length of the free zone of all fitted obstacle depends of the distance of tramway stopping. 

 

This stopping distance can be estimate with the formula below: 

 

 

 

d is the length of the all obstacle free zone. 

a is the deceleration of vehicle: 

for tramways on steel wheels  a = 2.8 m/s2   11 

for tramways on tyres  a = 3.4 m/s2   12 

v0 is the speed going through the junction of tramway in m/s. It will be credible for the 

configuration of the considered junction 

tr = 0.85s . It is the answer time equivalent.13 

 

Examples of d values for some speeds v0 values in the Table 2 : d values for speeds v0 (Source: 

STRMTG, 2007) below: 

Tram speed v0 km/h 15 20 25 30 35 40 45 50 

Length d Tram steel 

wheels in meter 
6.6 10.2 14.5 19.5 25.0 31.5 38.5 46.3 

Length d Tram on tyres 

in meter 
6.1 9.3 13.0 17.30 22.2 27.6 33.6 40.2 

Table 2 : d values for speeds v0 (Source: STRMTG, 2007) 

 

  

                                                
11 Definitions and values of deceleration and the equivalent answer time for the tramway with steel wheels  are 
those announce in the standard EN 13452-1 in relation with braking – systems of braking of urban and suburban 

public transits. These values are those corresponding to FU3 of this standard. 

 
12 Value guaranteed on the two systems on tyres operated. 
13 Idem above. 
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3. Geometric elements of the profile of line : curvature and 
gradient, clearance , right of way 

3.1. Reservation of the right of way and measurement of an 
heavy public transit axis 

To solve the problems of an heavy axis insertion in a site, it is necessary to make preliminary 

choices of principal geometric constraints which characterize it. We must know indeed : 

 

v its across profile 

v its long profile 

v rays of curvature of the track 

v principal dimensions of the stations. 

 

These different characteristics, which will be taken successively, will depend on of the 

tecnological channel kept, of the waiting traffic, of the service we want to offer, and above all 

of the comfort that we want to guarantee. 

3.2. Across profile 

Across dimensions of a vehicule are defined essentially in step with interior disposition of 

seats, in order to passengers a minimum comfort. Into practice, the following values are held: 

 

v occupied area by one passenger seat: 1 x 0.5 m that  is to say 2 passengers / m2 

v occupied area by 2 passengers seated online: 1.5 x 0.5 m = 2.67 passengers / m2 

v density of standees : 4 passengers / m2 

v width of a lengthwise corridor : 0.60 m. 

 

Different dispositions of seats and doors lead to a percentage of seats – included between 30 

to 50 % for classic modes and can reach higher value for new modes (little cabins). 

The three gauges of vehicles that can be held are the following: 

 

v 3 passengers seated forehead   

Ø width : 1.80 m; height : 2.70 +/- 0.20 m 

 

This gauge corresponds essentially to automated cabins. 

 

v 3 passengers seated in line and one standee, or two passengers seated forehead and 

one standee 

Ø width : 2.20 m; height : 3.10 +/- 0.20 m 

This gauge corresponds to the light rail transit ( it can suit also to some road rolling stocks). 

 

v 4 passengers seated in line and one standee 

Ø width : 2.50 m to 2.60 m; height : 3.10 +/- 0.20 m 

 

This gauge corresponds to road vehicle and it suits also to most metros. 
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3.3. Geometric characteristics of the right of way in a 
standard section 

3.3.1. Nomenclature 

First of all, it is necessary to precise the nomenclature of different components of a bus lane 

or separate right of way. Then, the interest will lead to the width of right of way and the 

parameters that this depends. 

 

The track 

It is the space dedicated to the bus traffic for which the width is sufficient to allow the passage 

of a file of buses with the latitude of light lateral movings. 

 

The road 

It is the space dedicated to the normal running; it includes one or several lanes. 

 

The shoulders 

It is the lateral space, normally defined by a white strip which allows limiting the wall effect 

created by an insulator or separator and eventually by fitted obstacles. 

 

The strip for emergency stop 

It is the space kept to the stop, to the parking and to the breakdown service of buses. 

 

The running width 

It is the space dedicated to buses; it is the whole road and shoulders (or if there are strip for 

emergency stop); 

 

The separator 

It divides two running widths assigned to the traffic either buses either buses or other 

vehicles. Separators are either passables either impassables. 

 

The insulator 

It isolates a running width assigned to the traffic of buses from a space non assigned to the 

traffic of vehicles: pedestrians spaces, green spaces, etc. The insulators can be passables or 

impassables. 

 

The right of way 

It is the area of a land assigned to the separate right of way (including separators and 

insulators) as well as its dependencies (stations, workshop, etc.). 

3.3.2. Width of the right of way 

The width is calculate for a traffic of 2.50 meter wide vehicule, according the road’s Code. 

The width of the RoW is variable according the following parameters: 

 

v the kind of separator or insulator which depends on users or occupation of bordering 

space on RoW; 

v flows of bus taking the separate RoW and the type of operation (one or two ways) 

v the planned running speed. 

 

Separators/insulators nature 
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The separators and insulators play multiple functions: they protect the integrity of the tracks 

on the separate RoW, keep the bus on the track, and they protect it against unexpected 

irruption of vehicles especially heavy trucks. At last, they protect reciprocally the pedestrians 

by preventing to circulate on the bus passage. 

 

Bus flows effect 

In the case a two tracks RoW, the running width is variable according to the frequency of bus 

crossings, hence according to the flows in the two directions. It is possible to admit a lower 

width when the bus crossings are rare than the bus is practically permanently crossing another 

bus. The dimensions of RoW given below are expressed in minimal and maximal running 

width. Minimal width may be retained for very low flows. The maximal widths may be 

retained for high flows, from 60 buses per hour approximately. 

 

In the case of a one way Row, the running width is variable according to the nature of 

separators. Between impassable separators, it is necessary to anticipate a strip for emergency 

stop or leavings to clear broken down buses. 

 

Running speed 

The running speed of buses on a busway is variable according to the nature of planned service 

and the distance between the stops. It seems reasonable to suppose maximal running speeds 

of: 

v 40 to 50 km/h for a local service with interstations of 400 meters. 

v 60 to 70 km/h for a local service with interstations of 1000 meters. 

v 80 to 100 km/h for a local express service with interstations of 2500 meters. 

v 100 km/h for a direct service without stop. 

 

Width of RoW 

The necessary RoW width increases in relation with running speed. It changes according to 

the type of boundary of the busway: 

 

v Separators or insulators impassables on the two sides. 

v Separators or insulators passables on th two sides. 

v Separators or insulators impassable on one side and passable on the other side. 

 

Figure 1 : digram width-speed right of way for a double track framed by two impassable separators 
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3.3.2.1.Separators or insulators impassables 

The maximal running speed allowed with this type of configuration is of 100 km/h. 

 

For a separate double track right of way, the area is constituted of a road framed by a double 

shoulders and impassable separators of 0.40 meters of width. The width of the RoW varies 

between 7.00 m to 9.30 m for speeds going from 40 to 100 km/h. For the flows more 

important, we must anticipate right of way going from 7.20 m to 10.30 m.    

 

Traffic flow < 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway 

Levelled 

down 

bandage 

Runnable 

width 
Separator Influence 

100 3.50 7.00 0.75 8.50 0.40 9.30 

80 3.50 7.00 0.50 8.00 0.40 8.80 

60 3.10 6.20 0.30 6.80 0.40 7.60 

40 2.90 5.80 0.20 6.20 0.40 7.00 

Table 3 : Influence width of a double track between impassable separators (source : RATP, 1977) 

 

Traffic flow > 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway 

Levelled 

down 

bandage 

Runnable 

width 
Separator Influence 

100 4.00 8.00 0.75 9.50 0.40 10.30 

80 3.75 7.50 0.50 8.50 0.40 9.30 

60 3.25 6.50 0.30 7.10 0.40 7.90 

40 3.00 6.00 0.20 6.40 0.40 7.20 

Table 4 : Influence width of a double track between impassable separators (source : RATP, 1977) 

 

or a separate right of way of a oneway track, the area is constituted of a track with a shoulder 

on the left and a strip for emergency stop on the right framed by impassable separator. 

The width of the RoW varies between 7.00 m to 8.00 m for speeds going from 40 to 100 

km/h. 

 

Speed 

(km/h) 

Width (m) 

Lane 

Left 

levelled 

down 

bandage 

Shoulder 
Runnable 

width 
Separator Influence 

100 4.00 0.20 3.00 7.20 0.40 8.00 

80 3.75 0.20 3.00 6.95 0.40 7.75 

60 3.25 0.20 3.00 6.45 0.40 7.25 

40 3.00 0.20 3.00 6.20 0.40 7.00 

Table 5 : Width of a oneway track RoW between impassable separators (source : RATP, 1977) 
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Figure 2 : Diagram width-speed right of way for a double track framed by two passable separators 

(source : RATP, 1977) 

 
3.3.2.2.Passable separators 

For a double track right of way, the area is constituted of a road framed of passable 

separators. The width of RoW varies between 6.60 m and 8.60 m for speeds going from 40 to 

80 km/h and flows lower to 60 buses per hour. For flows higher, we must anticipate RoW 

going from 6.80 m to 8.90 m. 

 

Traffic flow < 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway Separator Influence 

80 3.50 7.00 0.70 8.40 

60 3.10 6.20 0.50 7.20 

40 2.90 5.80 0.40 6.60 

Table 6 : Width of a double track RoW between passable separators (source : RATP, 1977) 

 

Traffic flow > 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway Separator Influence 

80 3.75 7.50 0.70 8.90 

60 3.25 6.50 0.50 7.50 

40 3.00 6.00 0.40 6.80 

Table 7 : Width of a double track RoW between passable separators (source : RATP, 1977) 

 

For a separate oneway track’s right of way, the area is constituted by a track framed by 

passable separators. The width of RoW varies from 3.60 m to 4.65 m. 

 

Speed (km/h) Lane 

Width (m) 

Influence Separator 

Left Right 

80 3.75 0.20 0.70 4.65 

60 3.25 0.20 0.50 3.95 
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40 3.00 0.20 0.40 3.60 

Table 8 : Width of a oneway track RoW between passable separators (source : RATP, 1977) 

 

3.3.2.3.Track bordered by a passable separator on one side and an impassable 

separator on the other side 

This type of configuration allows speeds going until 80 km/h. Beyond we must anticipate 

impassable separators on each side.  

 

Figure 3 : Diagram width-speed right of way for a double track framed by a passable separator and 

impassable separator 
 

For a double track right of way, the area is constituted of a road framed on one side by an 

impassable separator with a shoulder and on the other side a passable separator. 

 

The width of RoW varies between 6.80 m and 8.60 m for speeds going from 40 to 80 km/h 

and flows lower to 60 buses per hour. Beyond, we must forecast wider RoW (going from 7.00 

m to 9.10 m). 

 

Traffic flow < 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway 

Levelled 

down 

bandage 

Runnable 

width 

Separator 
Influence 

Impassble Passable 

80 3.50 7.00 0.50 7.50 0.40 0.70 8.30 

60 3.10 6.20 0.30 6.50 0.40 0.50 7.40 

40 2.90 5.80 0.20 6.00 0.40 0.40 6.80 

Table 9 : Width of a doubletrack RoW between passable separator on one side and impassable on the 

other side (source : RATP, 1977) 

 

Traffic flow > 60 buses/hour 

Speed 

(km/h) 

Width (m) 

Lane Roadway 

Levelled 

down 

bandage 

Runnable 

width 

Separator 
Influence 

Impassble Passable 
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80 3.75 7.50 0.50 8.00 0.40 0.70 9.10 

60 3.25 6.50 0.30 6.80 0.40 0.50 7.70 

40 3.00 6.00 0.20 6.20 0.40 0.40 7.70 

Table 10 : Width of a doubletrack RoW between passable separator on one side and impassable on the 

other side (source : RATP, 1977) 

 

For a oneway track‘s right of way, the area is constituted of a track framed by a impassable 

separator with a shoulder and a passable separator. The width of RoW varies between 3.80 m 

and 4.85 m.  

 

Speed 

(km/h) 

Width (m) 

Lane 

Levelled 

down 

bandage 

Runnable 

width 

Separator 
Influence 

Impassble Passable 

80 3.75 0.50 4.25 0.40 0.20 4.85 

60 3.25 0.30 3.55 0.40 0.20 4.15 

40 3.00 0.20 3.20 0.40 0.20 3.80 

Table 11 : Width of a oneway track RoW between passable separator on one side and impassable on the 

other side (source : RATP, 1977) 
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4. The characteristics of layout design 

 
The characteristics of the drawing of the line concern essentially curves and slopes. The 

correspondent standards are however differents of traditional road standards in the measure 

where taking into account safety and comfort of passengers, prescribe particular restrictions. 

4.1. Layout design : rays of curves – over width 

4.1.1. Minimal ray of curvature 

For a given speed of the bus, the minimal ray of curvature is that, taking into account the 

devers of the track, limits the across acceleration inflicted by the passengers to the admissible 

acceleration. 

For a manner more explicit, on a right of way with a ray of curbature R a bus riding with a 

speed V sustain a centrifugal acceleration V2/R. This one can be balanced partially or 

completely thanks to the introduction of a devers of the road of an angle alfa.  

The residual across acceleration is then V2/R – g sin alfa. It is limited for comfort reasons to a 

value gamma p, and we will look for generally to balance it totally. The limit value gamma p 

desirable is 0.8 m/s/s, 1 m/s2 constituting the maximum acceptable. Moreover the impact 

effect must be limited to 0.6 m/s3. 

In these conditions the minimum rays of curvature in relation with the basis speed of the bus 

and of the angle du devers are given in the table below. 

Road standards do not admit devers superior to 10% on account of black ice’s risks. The 

possibility to exceed this value cannot be considered. 

The visibility constraints must be taken into account during the choice of level curbature rays. 

 

Speed 
100 km/h 80 km/h 60 km/h 40 km/h 

Acceleration Acceleration Acceleration Acceleration 

Cant 
Desirable 
(0.8 m/s2) 

Max. 
(1 m/s2) 

Desirable 
(0.8 m/s2) 

Max. 
(1 m/s2) 

Desirable 
(0.8 m/s2) 

Max. 
(1 m/s2) 

Desirable 
(0.8 m/s2) 

Max. 
(1 m/s2) 

0 % 964 771 617 493 347 278 154 123 

5 % 597 517 383 331 215 186 96 83 

10 % 434 390 278 250 156 140 69 62 

Table 12 : Minimum curvature rays (source : RATP, 1977) 

4.1.2. Pure minimal curvature ray 

The pure minimal curvature ray is determined thanks to the working drawing of the figure 

below : 
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Figure 4 : Working drawing for the calculation of pure minimal curvature ray (source : RATP, 1977) 

 

This figure shows that the exterior minimal curbature ray is of 11.00 m and interior minimal 

curvature ray is 5.00 m for Parisians buses. These rays can be kept only for workshops where 

the bus speed is almost null. 

4.1.3. Overwidth 

When a bus approach a curvature, its geometric bulk needs to anticipate an overwidth to 

realize the same side passage than in the current section. 

 

In the case of a one track right of way, the exterior minimal curvature ray equals: 

 

 

 

If we call : 

r =  interior curvature ray of the running width 

d = side passage 

L = distance between the front and the rear axle of the bus 

l = width of bus 

Omega= running width in alignment 

 

In this case the overwidth equals: 
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Figure 5 : One track working drawing for the calculation of an overwidth in a curvature (source : RATP, 

1977) 

 

 
Figure 6 : Double track working drawing for the calculation of an overwidth in a curvature 

(source : RATP, 1977) 

 

The overwidths corresponding to minimal curvature rays calculated before are indicated in the 

figure 3.16 below; they were calculated for standard buses (l = 2.50 m; L = 8.20 m; d is 

deduced from  and . 

 

In the case of a double track right of way, we may foresee a supplementary overwidth on 

account of minimal spacing D necessary for the bus crossing. 

In this case the overwidth equals: 

 

 

 

If we call: 

D = minimum spacing between buses 

 

Correspondent overwidths are indicated on the figure below for D = 0.50 m 
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Figure 7 : One track overwidth in a curvature (source : RATP, 1977) 

 

 

Figure 8 : Double track overwidth in a curvature (source : RATP, 1977) 

4.2. Longitudinal profile 

The longitudinal profile of a separated right of way is composed of two elements: the slopes 

and the profiles of connection between two successive slopes. 

 

The limitations of slope result of safety and speed considerations; the desired speed involves 

gradient limitations and length of slopes; safety needs gradient way down limitations 

particularly approaching the stops (junctions and stations). 

 

The profiles of connection are limited by comfort and visibility considerations to take care of 

the passengers by avoiding sudden vertical accelerations. 
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4.2.1. Declivities 

The speeds achieved in a slope by buses with rear motors are indicated below: 

 

Declivity SAVIEM E 110 BERLIET PR 100 

3 % 46 km/h 48 km/h 

5 % 45 km/h 30 km/h 

10 % 27 km/h 17 km/h 

13 % 16 km/h 14 km/h 

15 % 16 km/h 11 km/h 

Table 13 : Declivity and speeds 

 

It is reasonable in these conditions to limit the declivity to a normal value of 4% in current 

section (corresponding to a basic speed of 40 km/h); on certain very short sections, one can 

consider however declivities going from 4 to 8 %. On the link and bypass we could consider 

higher values until 10%. 

4.2.2. Longitudinal curvature ray 

The comfort restrain for passengers duplicates itself, in the case of a convex curvature, of a 

safety restrain linked to the visibility distance. Indeed it is necessary that the driver could see 

enough early all obstacle obstructing the road of the right of way,  so as to can stop without  

damage and this without exceeding a deceleration value imposed by the safety of passengers 

inside the bus. We estimate this value of maximal deceleration at 1.2 m/s2. The standards of 

SETRA are in the table below: 

 

Bus speed 40 km/h 60 km/h 80 km/h 

Minimal visibility distance 60 m 130 m 200 m 

Standard SETRA - 90 m 120 m 

Table 14 : Standard SETRA 

 

It is important during the elaboration of the design to choose the longitudinal curvature ray in 

step with of the more restrained of these restrains. The minimal longitudinal curvature rays 

defined by the SETRA for rapid ways are indicated below; they can be used like calculus 

basis: 

 

Crest or hollow Basic speed (km/h) 100 80 60 

Prominent angle ray in m 
Minimum absolute instant 4000 2000 1000 

Minimum normal 8000 4500 2500 

Retract angle ray in m 
Minimum absolute instant 1000 800 500 

Minimum normal 3000 2000 1500 

Table 14 : Angle ray of SETRA 
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