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Abstract 

When someone talks about capacity in networks, it usually is not clear what the person is 
talking about and what kind of restrictions (stability of timetables, comfort criteria etc.) he or 
she has in mind. In that manner we first start from the point of view of a single line not 
interfering with other lines and end with the capacity of a line in a public transportation 
network. The paper derives a step-by-step approach of the term capacity defining different 
forms of the capacity starting with the maximal number of vehicles that can serve a line. After 
regarding stability, comfort criteria are added. This allows a comfort-oriented comparison 
between bus, tram, metro and Urban railway systems. The comfort-oriented capacity of a 
public transport line also reveals the maximal number of people that really do board a vehicle. 
This number dramatically differs from the theoretical number that is given from the 
manufactory. One has to wonder why the gap is that large.  

This paper will focus on the introduction and motivation of the different capacities and their 

definitions and will also include the maximal number of persons that do board a vehicle. The 

paper will end with a comparison of the capacity of the public transport systems in the 

different levels and answer the question what the effective capability of a transport system is. 

This will reveal very up-to-date information about the usage of the public transport systems. 

The multi-level definition of the capacity will give a very suitable instrument for the 

strategically planning process of a public transport company. 

Keywords 

Capacity Ð Public transport Ð Comfort criteria Ð Theoretical capacity Ð Operational capacity Ð 
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1. Introduction 

1.1 Background 

Today, most parts of the Swiss railway network is heavily used. Thus, adding new slots to the 

present timetable is a crucial task. One possibility for increasing the network capacity are 

financial investments. But this money is rare and also needed for other issues, like 

maintenance of the network or buying new vehicles.   

Another less expensive possibility for increasing the network capacity are improvements in 

the usage of the infrastructure such as denser timetables with smaller vehicle succession times 

or the separation of tracks for trains for the same speed and station distance.   

In order to prove how much capacity of the infrastructure is used, it is important to know what 

the maximal number of trains is that an infrastructure element is able to handle. This gives a 

first hint, how many slots can be added to the timetable. But this maximal number can only be 

interpreted as the higher bound for the capacity. In real traffic conditions other maximal 

capacities have to be found that guarantee for instance to run a timetable stable.  

1.2 Methodology 

The paper presents a multi-level approach: First, for a single line it is examined what the 

capacity for running a line is. Afterwards the capacity restrictions of other lines of the same 

transport system are regarded, too. This study ends with the consideration of the stability 

requirements other public transportation systems. 

The entire study can be found in [1]. This paper summarizes the main results and describes 

the idea of the research. In the focus of the paper stands a methodology that consists of the 

following steps:  

1. Evaluation of a scheme of step-wise decreasing capacity levels that pay attention to 

different aspects of the network or infrastructure element capacity 

2. Deriving a mathematical approach in order to calculate upper bounds for the evaluated 

capacity levels 

3. Detailed calculation of the derived capacities for common public transportation 

vehicles 

4. Comparison of the calculation results with real world data 

5. Relevance of the gained results for public transports. 
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The first part of the project (steps 1 and 2) will be of theoretical nature and give the needed 

instruments for analyzing the maximal possible number of public transport units that a 

network or one of its elements is able to handle.  

The second part (steps 3 and 4) deals with the calculation of possible infrastructure capacities 

for the most used vehicles of urban railway and metro trains, busses and trams. Afterwards 

these figures will be compared with the network usage in Zurich and other Swiss cities as well 

as in the European context. This will give hints about the quality of the results of the 

calculations with the derived formulas. 

The paper reveals analytic instruments for calculating how much of the possible capacity is 

really used with regard to several restrictions such as timetable stability. 
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2. Diffe rent capacities 

2.1 Introduction 

The term capacity can be interpreted in many ways. In this paper this term is used to describe 

the maximal number of public transportation vehicles that an infrastructure element (or the 

whole network) is able to handle with a desired quality (satisfying certain comfort criteria). 

The quality level is a crucial thing since it is not clear what kind of quality is regarded. The 

possible quality levels are:  

• Stability of the timetable of a single line 

• Comfort for the customers during the trip 

• Stability requirements of other vehicles of the same transport system 

• Stability requirements of other vehicles of different transport systems (e.g. bus 

systems interfering with trams and cars) 

Formally, the capacity of a network element is defined as: 

!  

Capacity =
Passenger capacity

Minimal succession time
•Time period  

The term passenger capacity is used to express the maximal number of passengers that can 

board public transportation vehicle simultaneously (seats and footings). All the transportation 

systems differ with regard to the minimal vehicle succession time. The reasons for this are the 

differences of the automatic guidance. Transportation systems with automatic guidance 

usually have a higher weight, a smaller friction coefficient (and thus a longer braking 

distance) and drive in block distances (exceptions: tram systems and ETCS Level 3). The 

automatic guidance affords the composition of vehicles and therefore higher passenger 

capacities. The differences between the transportation systems are shown in Table 1. 

Table 1 Division of the transportation systems and characteristics of the succession times 

  Bus Tram Urban railway Metro 

Limited to the road Limited to the track 

Distance limited by range of sight Minimal succession time depends on rail 
anchor 
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When calculating the capacity of a line, the idea is the following: The minimal capacity of a 

line is determined by an infrastructure element with minimal capacity. Such infrastructure 

element can be: 

• Open track (With or without stop) 

• Node (e.g. crossing) 

• Terminal loop 

• Dead-end station. 

2.2 Deriving five capacity levels 

It has to be distinguished between the theoretical capacity that can be achieved under 

somehow ideal circumstances and the capacity that allows to run a timetable stable. More and 

more restrictions have to be considered in order to define different steps of capacity. In this 

paper five capacities levels are defined that are illustrated in Figure 1. Stepwise more and 

more system-immanent aspects are considered and later also external influences on the 

capacity are regarded. Consequently, from the first to the last capacity definition the real 

world situation is approached. From step to step the values of the corresponding capacity 

decreases (or at least does not increase). 

The highest level and therefore the highest capacity obtained is the so-called Òtheoretical 

capacityÓ, which can be calculated as the product of the theoretical minimal train succession 

time and the maximal passenger capacity.  

In the level of the theoretical, stability-oriented and comfort-oriented capacity only the 

interferences and dependencies of a single public transport line are regarded. In the network-

oriented capacity the dependencies between different lines of the same public transportation 

system are considered. When calculating the capacity in mixed traffic also the demands of 

other public transportation systems are taken into account. 
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Figure 1 Scheme of the different capacities in public transportation 

  

 

  

2.3 Passenger capacity 

The passenger capacity of a vehicle is the sum of the seats and footings of a public 

transportation vehicle. For determining the number of footings, the footing area has to be 

multiplied with the density of the footing. The manufactures and the operating company 

present quite different values: Those vary between 3 and 8 persons per square meter. 

In [2] it is proposed to assume a footing density between two and three persons each square 

meter (considering comfort issues). The maximal value is 4 P/m2. Since the maximal accepted 

capacity utilization is crucial for calculating the capacity, some research was done in order to 

find out which footings are accepted in Switzerland. The number of seats is given by the 

producers and therefore not interesting for a research. The following assumption was made: 

„Today's maximal regularly occurring capacity utilizations in urban public transportation 
are still accepted. If the capacity utilization increases the customers change to other 
transportation systems or corridors. The mentioned maximal capacity utilization can be used 
as an upper limit.“ 

The ridership of high-frequented lines was a precondition for further research. The 

precondition for ensuring to get much data was the availability of a technical system that 
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counts the passengers entering and leaving a vehicle. The lines illustrated in Table 2 fulfilled 

these conditions and were examined. 

Table 2 Examined public transport bus and tram lines for capacity utilization research 

  City Public transport system Operator Lines Observed period 

Bern Bus Bernmobil 10, 11, 12 January- February 2005 

Zurich Bus VBZ 31, 33, 72, 80 April till October 2005 

Zurich Tram VBZ 3, 5, 6, 10, 15 April till October 2005 

  
Figure 2 illustrates all courses with a capacity utilization above 0 P/m2 of footings (for the 

lines presented in Table 2). 

Figure 2 Density of the capacity utilization (Results of the field research in Zurich and 
Bern) 

  

 

  
The frequency of occurrence decreases quite fast for high capacity utilizations up to 2 P/m2. 

With higher capacity utilizations, this reduction slows down. Beyond 3 P/m2 the curve holds a 

flat level.  
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For the lines served by the VBZ (Verkehrsbetriebe der Stadt ZŸrich), Figure 3 shows the 

maximal utilized capacity in each period and direction. Each point represents the average of 

the measurements in a period that comprehends about 3 to 5 measurements. 

Figure 3 Maximal utilized capacity for a period and direction (VBZ, Verkehrsbetriebe der 
Stadt ZŸrich) 

  

 

  
The observed values have large variances, but the average values are all at the same level of 3 

P/m2.  

Justified by the previous two figures, the following proposal is made: 

„The footings of the highest frequented vehicles of a line should not be denser than 3 P/m2.“ 

Within a short period (highest frequented months) on several observed lines the utilized 

capacity reached a level of 4 P/m2. In this paper the common utilized capacity is assumed to 

be 3 P/m2. 

Now choosing the factor of passenger capacity was examined. This factor is the same for the 

calculation of the different capacity values. Hence, in the following chapters only the number 

of vehicles that can use a specific infrastructure element simultaneously in a chosen time 

interval are of interest. 
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2.4 Theoretical capacity 

The theoretical capacity of an infrastructure element is the product of the factors passenger 

capacity and the minimal possible vehicle succession time. When calculating the minimal 

possible vehicle succession time, we talk about optimal conditions that can never be fulfilled 

in reality. In this context optimality means: 

• Driving in minimal possible succession distance 

• All vehicles have identical acceleration, braking and driving characteristics in all 
points of time as well as same reaction times of the conductors. 

The vehicle succession time depends on technical parameters that consider the safety related 

and dynamic vehicle behaviors (speed, braking distance etc.). 

The theoretical capacity is determined by the passenger capacity and the vehicle succession 

time: 

!  

Theoretical capacity =
Maximal passenger capacity

Minimal succession time
•Time period  

It depends on the regarded time interval which measuring unit is used: If the regarded time 

interval is a day, then the measuring unit is persons per day (regarded time interval 60 

minutes: people per hour). 

The formula for calculating the capacity values (in vehicles per time period) for the different 

infrastructure elements are presented in Table 7. 

2.5 Operational capacity 

Because of considering stability issues, the theoretical capacity is reduced to a lower level. 

The capacity of an infrastructural element is additionally limit by the operational restrictions. 

A line should be operable, what means that it should run somehow stable. Different braking 

and acceleration characteristics of the vehicles are considered. 

The main difference between the theoretical and operational capacity calculation is the 

consideration of buffer times. The buffer times comprehends the following influences during 

the operational running of the vehicles: 

• Variances in the dwell times caused by non-uniform appearance of boarding and 
leaving passengers, 

• Unequal drivability of the conductors, 

• Unequal acceleration and braking curves of the vehicles 

• Irregularities of the infrastructure 
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• Influences of the weather. 

There is the following relation between the operational capacity and the choice of buffer 

times: The higher the buffer times: 

• The lower is the operational capacity, 

• The higher is the vehicle succession time, 

• The more stable is the timetable. 

Consequently, the choice of the buffer times has to be done carefully. According to [1], the 

following buffer times are used fort he transportation systems:  

Table 3 Typical values of the buffer times 

  Bus Tram Urban railway Metro 

60s 120s 90s 

  
The reduction from the theoretical to the operational capacity of an infrastructure element is 

about 50 %. It holds: 

! 

Operational capacity "
1
2

¥Theoretical capacity  

A detailed calculation can be found in Table 12. 

2.6 Comfort-oriented capacity 

The comfort-oriented capacity additionally considers aspects of comfort and demand. For the 

comfort criteria, the following holds: 

• In peak times (rush hour, HVZ) customers accept a higher capacity utilization in the 
vehicles than non-busy periods (NVZ) and marginal periods (RVZ). This means that 
customers expect an appropriate level of capacity utilization in different periods. 

• The comfort standards also depend on the duration in a vehicle. The longer the time in 
a vehicle is, the higher is the demand for a seat. 

Because of distinguishing between different traffic times, the comfort-oriented capacity is 

determined for the entire day (24 hours). Time windows are reserved for maintenance of the 

infrastructure in times when the infrastructure is not used that much (e.g. during the night). 

The capacity utilization of a vehicle does not only affect the passenger comfort, but also the 

time for loading and unloading the passengers. For footings-densities of about 2 P/m2, the 
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time for loading and unloading the passengers significantly increases and reaches a level of 

150% of the time compared to the situation that only all seats are used. Especially for those 

lines that are high frequented this fact has to be taken into account when deciding what kind 

of vehicle should run a line. 

For rush hours (HVZ) field inquiries were done for the urban transportation systems in Zurich 

and Bern (Figure 4). For the highest frequented vehicles this analysis was done in the chapter 

2.3. 

Figure 4 Absolute frequency of the capacity utilization in rush hours (averaged for a year) 

  

 

  
The field inquiries (Figure 4) motivated the following statement about the capacity utilization 

in trams and busses: 

„The capacity utilization should not be higher than 1.5 P/m2 in rush hours averaged over a 
year.“ 

For shorter periods (several high frequented months) the capacity utilization of high-

frequented lines reaches a level up to 2 P/m2. This is illustrated in Figure 5. 
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Figure 5 Densities for footings in rush hours 

  

 

  
During both, the non-busy and the marginal period (NVZ, RVZ) the averaged capacity 

utilization is expected to equal the number of seats in a vehicle.  For busses and trams Table 4 

shows the capacity utilization recommendations during different periods. 

Table 4 Maximal aspirable capacity utilizations (averaged over a year) for trams and 
busses in different periods 

  Highest frequented 
course 

Seats + footings (3 P/m2) , represents the passenger 
capacity 

HVZ 

Average during peak 
hour 

Seats + footings (1.5 P/m2), represents approx. 75% of 
the passenger capacity 

NVZ, 
RVZ 

Average over an hour Seats, equals approx. 50% of the passenger capacity 

  
For urban railway trains the aspirable capacity utilization decreases. Because of the usually 

longer in-vehicle-time in urban railway trains, most of the passengers expect a seat. For this 

reason, only a some little space is dimensioned for footings. 
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In order to calculate the comfort-oriented capacity values it is crucial to know how long the 

different traffic times (RVZ, HVZ, NVZ) last. In this context some case studies were done: 

Zurich and BernÕs public transport lines were examined and the duration of HVZ, NVZ and 

RVZ were determined. The results are shown in Table 5. 

Table 5 Duration of the typical traffic times 

  Period Public transport in 
urban areas 

Radial bus line  Urban railway 

HVZ 4.4 h 4.0 h 3.3 h 

NVZ 10.7 h 9.2 h 11.2 h 

RVZ 4.9 h 6.8 h 4.5 h 

Total duration 20.0 h 20.0 h 19.0 h 

  
Now all the needed ingredients for calculating the comfort-oriented capacity are given: We 

know the duration of traffic times (Table 5) and the maximal aspirable capacity utilizations 

for each traffic time (Table 4) as well as the needed input data (e.g. number of seats).  

The capacity utilization function is not longer uniformly distributed. For a typical demand 

curve with rush hours in the early morning and the late afternoon with the corresponding 

periods and comfort criteria, the comfort-oriented capacity is illustrated in Figure 6. 

Figure 6 Illustration of several capacity levels of a double joint bus 
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2.7 Network-oriented capacity/System wide capacity 

In the network-oriented capacity all the requirements of the lines of the same transportation 

system on the infrastructure are considered. For instance, several tramlines share a track 

element or a node. Since all the vehicles have different acceleration and braking behaviors, 

the minimal succession time can be further reduced. The main question is how to allocate the 

limited capacity of an infrastructure element to a line. The algorithm for determining the 

network-oriented capacity is presented in [1]. 

2.8 Capacity with mixed traffic 

The capacity of an infrastructure element again will be reduced if vehicles of other 

transportation systems also use an infrastructure element. Usually, all the vehicles have 

different station distances and driving characteristics. For railway vehicles with separate 

tracks different functions can affect the capacity (regional trains and high speed traffic on the 

same infrastructure). 

The reduction of the capacity is mostly occurring because of transport policies and is a 

consensus between different operators of transportation systems on the shared infrastructure. 

As in the case of the network-oriented capacity, the capacity utilization in mixed traffic can be 

calculated as described in [1]. 
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3. Presentation of the Formula-The arithmetic approach 

for calculating the theoretical and operational capacity 

3.1 Tables 

In this chapter tables are presented that give some formula that allow the calculation of the 

capacity levels for different infrastructure elements such as tracks, nodes, dead-end stations 

and terminal loops. The idea behind that is that the capacity limiting elements of a network is 

always a certain element of this topology. The crucial part can be understood as bottlenecks 

that can either be a track or a node but also a terminal loop or a dead-end station. 

There are three different types of terminal loops that are distinguished in the paper: 

• Terminal loop of type 1: Consists of one track without a stop in the loop 

• Terminal loop of type 2: Consists of one track with a stop in the loop 

• Terminal loop of type 3: Consists of two tracks. 

For the notations see Table 6. 
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Table 6 Notations 

  Symbol Meaning Unit 

!  

tr  Conductors reaction time 

!  

t
E inf ahrt  Time for entering a dead-end station 

! 

tHalt  Dwell time 

!  

tPuffer  Buffer time 

s 

!  

t
Wende

 Time for changing the direction of the vehicle 

!  

tWende= 0.9• lZ + 80 

!  

l
Z

 Vehicle length m 

!  

v0 Speed (Open track) 

!  

v
Knoten

 Speed when the vehicle passes a node 

m/s 

a Acceleration m/s2 

!  

xHalt  Binary variable Vehicle stops: 1, else: 0 

r Radius of the terminal loop m 

T 

!  

T = t
r
+ t

S
+ t

ST
 

! 

tS= time for seeing the signal in s 

!  

t
ST

 = time for changing the signal 

B Block factor See [3] 

D 

!  

D = lZ + lA 

! 

l
A

= Distance till the passed block is free 

! 

D1 

!  

D1 = l
S

+ l
ST

+ l
Z

+ l
T

 

! 

lT =tolerance for not exact stops in m 

!  

D
2
 

!  

D2 = l
A

+ l0 + l
Z

 

! 

l0= Distance to the exit signal in m 

n  Total number of trains passing the node 

!  

n
i
  Number of trains on track segment i 
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3.1.1 Formula for calculating the theoretical capacity 

Table 7 Formula for calculating the theoretical capacity of the infrastructural elements 

  Transportation 
system 

Bus Tram Urban railway Metro 

Open track with a 
stop (no stop: 

! 

x
Halt

=0) 

! 

3600

tr +
lZ
v0

+
v0

a
+ xHalt • (tHalt + 2•

v0

a
)

 

! 

3600

T + xHalt • (2•
v0

a
+ tHalt ) +

2BD
a

 

In nodes 

! 

3600

l
Z

v
Knoten

+
v
0

a
+ 5

 

! 

ni • n j • ti, j

3600• ni, j

"  

Dead-end station 

! 

3600¥n
2¥t

E inf ahrt + 0.9¥l
Z

+ 80
 

Terminal loop type 
1 

!  

3600

tHalt +
2" ¥r + lZ

0.69¥r

 

Terminal loop type 
2 

!  

3600

" ¥r #
0.69r
a ¥2

0.69r
+
2 0.69r

a
+

lZ
0.69r

+ tHalt

 

Terminal loop type 
3 

Not limiting 

! 

3600¥ 0.69r
" ¥r + lZ
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3.1.2 Calculating the operational capacity 

Table 8 Formula for calculating the operational capacity of the infrastructural elements 

  Transportation 
system 

Bus Tram Urban railway Metro 

Open track 
with a stop (no 
stop: 

!  

x
Halt

=0) 

! 

3600

tr + tPuffer +
v0

a
+
lZ

v0
+ xHalt (tHalt +

2v0

a
)

 

! 

3600

xHalt tHalt + tPuffer +
2

a
( 2D1 + D2 )

 

In nodes 

!  

3600
lZ

vKnoten

+
v0

a
+ 5+ tPuffer

 

!  

ni ¥n j ti, j

3600¥ni, j

"  

Dead-end 
station 

! 

3600n

tE inf ahrt + tWende + tAusfahrt + tPuffer
 

Terminal loop 
type 1 

! 

3600

tHalt + tPuffer +
2" • r + lZ

0.69• r

 

Terminal loop 
type 2 

! 

3600

" ¥r #
0.69r
a ¥2

0.69r
+
2 0.69r

a
+

lZ
0.69r

+ tHalt + tPuffer

 

Terminal loop 
type 3 

Not limiting 

!  

3600
" • r + lZ

0.69r
+ tPuffer

 

  

3.1.3 How to choose the buffer times 

Choosing the buffer times is a difficult task since the value of the buffer times strongly affects 

the operational capacities. There is a never-ending conflict between the interest in finding a 

stable timetable (high buffer times) and a high capacity utilization (low buffer times). 

In this paper the following buffer times were used (Table 9). 
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Table 9 Buffer times for the different transport systems 

  Transport 
system 

Urban rail Metro Tram Bus 

Buffer times 120 s 90 s 60 s 

  

3.2 Calculations 

In this chapter the previously presented formula are used to calculate the theoretical and the 

operational capacities. The input data is given in Table 10. 

Table 10 Input for the calculations 

  
Input data Urban 

rail Metro Tram Bus 

Length of the vehicle (in m) 200 100 40 20 

Braking coeff icient (in ms-2) 1 

Dwell time (in s) 45 20 

Buffer time (in s) 120 90 60 

Radius of the terminal loop (in m) 20 

Conductors reaction time (in s) 1 

Time for entering a dead-end station (in s) 60  

Speed (in ms-1) 20 10 

T (in s) 20 10 

Block factor B 1.5 

!  

LA  (in m) 10 

D1(in m) 300 200 

D2 (in m) 210 110 

 

  
The results for calculating the theoretical capacities are given in Table 11. 
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Table 11 Theoretical capacities 

  Theoretical capacity in vehicles in an hour Urban rail Metro Tram Bus 

Open track without stop 79 127 240 276 

Open track with stop 27 31 65 67 

In nodes Timetable-dependent 166 196 

In dead-end stations with 3 tracks 28 37 45 

In terminal loops (Type 1/ Type 2/ Type 3) 41 / 29 / 50 59 / 38 / 82 80 / 67 / 
130 

 

Theoretical capacity (closing loops) 27 31 55 67 

  
For determining the theoretical capacity of a line, it is assumed that the presented values for 

the topology elements (terminal loops, open track, node) the most restrictive element is used. 

Then, the theoretical capacity of a line results from finding the minimum of the theoretical 

capacities of the topology elements.  

The results for calculating the operational capacity are presented in Table 12. The used 

formulas were given in Table 8. The input data remains unchanged. 

Table 12 Operational capacity fort he input given in Table 10 

  Theoretical capacity in vehicles in an hour Urban rail Metro Tram Bus 

Open track without stop 20 21 48 49 

Open track with stop 16 16 31 31 

In nodes Timetable-dependent 44 46 

In dead-end stations with 3 tracks 23 30 37 

In terminal loops (Type 1/ Type 2/ Type 3) 17 / 14 / 18 23 / 19 / 26 34 / 31 / 41 
 

Theoretical capacity (closing loops) 14 16 31 31 

Reduction: Theoretical capacity Operational capacity 0.4814 0.484 0.436 0.5373 

  
The last row in Table 12 shows how much of the theoretical capacity is reduced because of 

considering buffer times in order to run the lines with a stable timetable. 

In can be summarized the theoretical capacity of a line is reduced about 50%, it holds:  

! 

Loperational "
1
2

• Ltheoretical 
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4. Applying the derived results  to real world data 

For some of the most common vehicles used in public transport, typical values were collected 

(length of a bus, acceleration and speed...) and the different capacities in the levels theoretical 

capacity, operational capacity and comfort-oriented capacity were collected (Figure 8). Since 

the determination of the other steps of capacity is crucial and needs a lot of input data (such as 

the timetable), the other capacity values are omitted. The results of the calculations are 

illustrated in Figure 7. The gained results were compared with those capacity values that are 

given in [3] fort he theoretical and operational capacity.  

It can be concluded that the values given in [3] and the calculated capacity values fit. In 

Figure 7 the black lines mark ZumkellerÕs capacity values. It can be concluded, that the 

formulated mathematical approach is suitable and gives good and detailed results. 

But the formulas have some important advantages: 

• Easy calculation of capacity values for arbitrary input data 

• More detailed values for a specific vehicle 

• Easy calculation how to improve the capacity of a line (e.g. by using shorter vehicles). 

Figure 7 Capacities of public transportation systems 
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Figure 8 Calculating some key capacity values for public transportation systems  

  

 

 Source: [1] 
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5. Some real world data-Where to find high capacity  

uti lizations 

5.1 Introduction 

In this chapter several urban public transportation systems are analyzed. In the focus are swiss 

cities, but also European cities are examined. The goal is to find out how high the 

corresponding networks are used.  

In order to do this, research was done online and the capacities of high-frequented network 

elements were asked via phone. In this context high-frequented network elements are 

topology elements that almost reach their theoretical capacity. Running more vehicles on the 

elements is almost impossible. For trams and busses it was almost impossible to find lines, 

that do not interfere with other transportation systems. Hence, almost all values for busses and 

trams run in mixed traffic.  

5.2 Metro 

Table 13 Research data for metros 

  City Hamburg Munich Berlin Frankfurt am Main 

Relevant cross section Berliner Tor- 
HB 

HB- Sendlinger 
Tor 

Nollendorfplatz- 
Wittenbergplatz 

Willy-Brandt-Platz- 
Dom/ Ršmer 

Number of lines on this 
cross section 

1 (U2) 2 (U1, U2) 3 (U1, U2, U3) 2 (U4, U5) 

Influences of mixed 
traffic 

No No No No 

Number of courses in an 
hour 

    

Tracks for each 
direction 

1 1 U1&U3: 1 

U2: 1 

1 

Notes  Line U2 has its own 
tracks 
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5.3 Urban railway 

Table 14 Research data for urban railway 

  City Zurich Berlin Bern Frankfurt am Main Stuttgart 

Relevant cross 
section 

HB- 
Stadelhofen 

Ostbahnhof- 
Warschauer 
Strasse 

HB- BŸmplitz 
Nord,  

Hauptwache- Konstabler 
Wache 

Hauptbahnhof- 
Stadtmitte 

Number of 
lines on this 
cross section 

7 4  

(S3, S5, S7, S9) 

4  

(S4, S5, S44, 
S51) 

8 urban railway lines &  
2 metro lines (S1, S2, 
S3. S4. S5, S6, S8, S9, 
U6, U7) 

6  

(S1, S2, S3, S4, 
S5, S6)) 

Influences of 
mixed traffic 

No No Yes No, metros and urban 
railway tracks are 
separated 

No 

Number of 
courses in an 
hour 

15 Tracks S3: 6 

Tracks S5, S7, 
S9: 18 

11 Urban railway: 44 

Metro: 16 

24 

Tracks for 
each direction 

2 2 1 Metro: 1 

Urban railway: 2 

1 

Notes Separate racks 
for urban 
railway 

Line S3 has its 
own tracks 

Tracks shared 
with regional 
trains and TGV 

Metros and urban 
railway trains use 
different tracks 

Six lines share 
one track 

  

5.4 Tram 

Table 15 Research data for tram 

  City Zurich Bern Basel Budapest 

Relevant cross 
section 

Terminal looping 
Klusplatz 

Stop Bahnhofquai// 
HB 

BŠrenplatz- 
Bahnhof 

Bankverein- 
Aeschenplatz 

Ĵ szai Mari t•r- 
Margitsziget 

Number of 
lines on this 
cross section 3 4 

3 Tram &  1 O-
Bus (3, 5, 9, 
12) 

Option: Line G 

6 2 

Influences of 
mixed traffic No Yes- influenced by 

mixed traff ic 
No Yes Yes 

Number of 
courses in an 
hour 

28 39 46 /52 with 
option (Line G) 

46 30 

Tracks for each 
direction 2 1 1 1 1 

Notes Terminal looping 
with two tracks, 
stop within the 
looping 

Possible stop for 
two stopping 
vehicles. 

 One track for 
six lines 

  



Swiss Transport Research Conference 
_________________________________________________________________________ September 12 – 14, 2007 

26 

Table 16 Research data for tram (continued) 

  City Zurich 

Relevant cross section Central in direction 
to the city centre 

Bellevue- BŸrkliplatz 

Number of lines on this 
cross section 

Tram: 5 

Bus: 2 
Tram: 5 

Influences of mixed 
traffic Yes, at the node Yes, strongly influenced by mixed traff ic 

Number of courses in an 
hour 

Tram: 50 

Bus: 21 

Total: 71 

45 

Tracks for each direction Tram: 1 

Bus: 1 
1 

Notes Different tracks for 
busses and tram 

More mixed traffic influence than at Central (Connection 
between east and west). 

  

5.5 Bus 

Table 17 Research data for busses 

  City Luzerne Gelsenkirchen Frankfurt 
am Main 

Lima- Peru 

Relevant cross 
section 

HB- 
Kantonalbank 

Shuttlebus to the soccer stadium 
VeltinsArena on matches of FC 
Schalke 04 

Airport- 
Shuttle- Bus 

Entire city 

Number of 
lines on this 
cross section 

9 Special form of bus line Special form 
of bus line 

Several 

Influences of 
mixed traffic 

Yes No No Yes 

Number of 
courses in an 
hour 

92 Within 5 minutes up to 22 
busses (264 busses/ h) 

30 300 

Tracks for 
each direction 

1 1  1 

Notes Busses have their 
own street 
segment 

No influence of mixed traff ic, 
since the streets are closed for 
these busses, approx. 100 
passengers in each bus 

 Several lines are 
overlapping on important 
segments of the network, 
also in marginal areas 
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6. Conclusion 

This paper shows a new approach to the capacity. The term capacity is quite often and has lots 

of different meanings. A multi-step approach was done and several formulas were presented 

that allow calculating the maximal number of hourly vehicles that can pass specific 

infrastructure elements. The considered infrastructure elements that are distinguished are the 

open track (with and without stops), nodes, terminal loops and dead-end stations.  

The other factor needed for calculating the maximal number of passengers that can be 

transported during a specific time period is the passenger capacity. The passenger capacity 

consists of two elements: the seats and the footings. The manufacturer often gives the number 

of seats. The other ingredient (the footings) depends on the period that is considered. In rush 

hours customers accept the fact that other customers already use lots of seats.  

Some research was done to find out very update values of accepted capacity utilizations. 

The calculated values are of a good quality and approved by the values given in [3]. But the 

formulas give an effective instrument for doing exact calculations for a specific type of 

vehicle and give instruments for finding out how to augment the capacity of a network 

element. For instance by increasing the speed on the track or augmenting the acceleration and 

braking coefficients. For this analysis, see [1]. 
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