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Chapter 4 
            

Capacity Evaluation  

4.1 Introduction 

Transport capacity is one of the core aspects mainly important to perform an optimal railway 
operation. To fulfil one of the main goals of this study regarding whether changes in the signalling 
system and infrastructure along the double railway track can meet an increase of the demand at the 
same time minimal train operations are stable and robust, this chapter aims to analyze the existing 
capacity situation of the line under research given the proposed timetable approach calculated in 
Chapter 3 (Status Quo). Further analysis of an upgraded scenario will need to fill the timetable with 
more trains due to an increase of service demand. Hence, capacity research of this part of the line 
between Den Haag HS and Rotterdam CS is needed. 
 
This chapter is developed following a comprehensive logic procedure. First, relevant theoretical 
background is presented to help the reader to get familiar with capacity evaluation on the basis of 
the blocking time theory (section 4.2). Besides, this section provides some existing standard values 
of maximum track occupation thresholds to provide the reader with a reference to be aware of the 
values estimated by the simulation tool referring to the case study. Given this background 
information, capacity evaluations are presented with regard to the previously defined Status Quo 
(section 4.3). Track occupations per line direction are estimated graphically and numerically and 
values are presented in tables. Finally, this chapter ends with a short summary assessing the results 
obtained through the followed approach, and points out the critical capacity issues to take into 
account in forward analysis to be done (section 4.4). 

4.2 General Background 

This section provides the reader with an extended context of the blocking time theory in railway 
capacity research in addition to the background presented in the research approach. Because 
blocking times describe the occupation of usable infrastructure sections by trains, theoretical 
concepts and issues have been also extracted from Pachl (2002). The following paragraphs describe 
all these contents to deal with a suitable understanding of forward sections.  
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Some issues demanding capacity research could be: 
 

• Validation of a required planned operation. 
• Adequate use of existing capacity. 
• To determine infrastructure required for proposed services. 

 
Capacity is determined not with a single measure for the whole network, but dividing it into 
different slots: 
 

• Station tracks 
• Interlocking 
• Lines 

 
All these regards are done separately, but it must be considered that operation of each part depends 
not only on the theoretical capacity itself but also on the capacity of the adjacent parts. An increase 
of capacity in a line will have also to be handled by the terminals connected to the line. However, 
for the present study case, capacity is only analysed by means of line capacity constrained to the 
double-track part, without taking into account whether train stations along the line could handle a 
certain increase or not. 
 
This chapter bases capacity research on blocking time theory presented in section 1.3. In this sense, 
the capacity consumption of train paths is analyzed using blocking times to describe the occupation 
(demand) of infrastructure block sections (supply). 
 
Some definitions and concepts regarding the basic knowledge in this field are given below. 
 
Def 1: Buffer Time is the minimum time gap between the blocking time graphs of a sequence of 
trains at critical block sections within the corridor. This time is added to the minimum line 
headway in order to reduce propagation of small delays in the real time operation. Figure 4.1 
visualizes available buffer times placed between blocking time graphs. 
 

 
Figure 4.1: Buffer time allocation in one direction of a double railway track and blocking time graphs 

(Pachl, J., 2002:153) 
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Insufficient buffer times lead to propagation of delays from one train to another as soon as a 
conflict occurs. 
 
Def 2: Signal Headway is the minimal time interval between two following trains in each block 
section. 
 
Def 3: Line Headway is the minimum interval between two train series not only considering one 
block section but the whole blocking time graphs concerning to the line operation. 
 
Def 4: Minimum Line Headway is derived from the minimum frequency of every pair of reference 
trains assuming zero buffer time at the critical block section between their blocking time 
“stairways”. It can be read directly from the timetable once it is defined and compressed (e.g. 
Status Quo). 

 

 
Figure 4.2: Signal Headway and Line Headway (Pachl, J., 2002:49) 

 
 
Def 5: Timetable Capacity is the maximum number of train paths that could be scheduled without 
considering buffer times. 
 
Def 6: Railway line capacity can be defined as the product of the train speed and density, variables 
oppositely proportional assuming that an increase of speed increases the braking distance, thus 
reducing train density. 
 
Def 7: Capacity of the line > Timetable Capacity 
The smaller the variation of the minimum line headways of the scheduled trains, closer both 
capacities are. In this sense, the best exploitation of the line capacity could be achieved by a 
timetable in which all trains run under harmonized schedules without speed differences. But also 
differences between both capacities are useful to have reserves in time (buffer times, recovery 
times) and prevent the line from serious congestion and high delays. Thus, a trade off has to be 
made between “bad quality of operations” and “capacity of the line to handle the traffic”. 
 
Def 8: The optimal track occupation is determined by a recommended traffic flow on the basis of 
waiting time theory, which limits are defined by: 
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1. Minimum of the relative sensitivity of the waiting time (gradient of waiting time). Up to 
that point, an increasing flow of traffic only causes moderate increase of waiting time 

 
2. Maximum of traffic energy (= traffic flow * average speed). If traffic flow increases, 

average speed decreases, and vice versa. 
 

 
 

Figure 4.3: Recommended area of traffic flow (Pachl, J., 2002:145) 
 
 
Out of the recommended area, the flow would be inadequate. The bandwidth, in practice, falls 
between 50% (low flows) and 80% (during peak hours) to get a reasonable quality of traffic on a 
double-track line with mixed traffic (Pachl, J., 2002:145). Different institutions establish their own 
capacity thresholds like ProRail with a maximum track occupation also 80%, or the international 
norm for capacity management (UIC, 2004) which establishes a 75% during peak hours.  
 
Def 9: Track Occupation is the use or exploitation of the available timetable capacity.  
Two different exploitation rates can be calculated: 
 
 Exploitation rate of a single block section 
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where, 

 tp: total elapsed time of the considered period 
 ti: blocking time for train i at the considered block section 
 th: average minimum line headway  
 n: number of train groups considered in the elapsed time 
 fij: relative frequency train j following train i 
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In other words, track occupation is determined by minimum headway separations between trains, 
which depend on upon an interaction of different factors as turnouts, timetable structure, signalling 
system, traction units, routing of trains, infrastructure, etc. 
 
Figure 4.4 shows graphically the abstraction of minimum time headways by pushing together the 
blocking time graphs as dense as possible without overlapping (zero buffer time). It is visualized 
line exploitation time as well as the remaining line buffer, representative variables from the 
capacity consumption. 
 

 

 
Figure 4.4: Visualization of the Sum of Minimum Line Headways 
by compressing the blocking time graphs (Pachl, J., 2002:154) 

 
 
The remaining buffer time represents the leftover timetable capacity that could be used for inserting 
additional train paths at the same time it gives an idea of about the recovery time left to handle 
propagation of small delays. 
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4.3 Line Occupation for the Status Quo 1999 

To improve the double-track line capacity, first of all the existing capacity utilization for the 
timetable approach selected to represent the Status Quo has to be determined. 
 
To evaluate railway line occupation between Den Haag HS and Rotterdam CS, theoretical concepts 
presented and the calculated time-distances diagrams have to be applied. Based on them, the 
following procedure is carried out: 
 

1. Definition of a train cluster (group of trains from different train series) repeated cyclically 
over the timetable. 

2. Dragging train paths making buffer times zero (minimum line headways between trains). 
3. Determine the cycle time: time gap between first train of a cluster and its next departure 

once minimum headways are applied. 
4. Calculation of track occupation by applying the formulation presented before. 

 
An important assumption has to be done with regard to step number 2: 
 
For capacity evaluation minimum headways are derived from making zero the buffer time at 
critical track sections within the double-track corridor between Den Haag HS and Rotterdam CS. 
In other words, network effects are not taken into account as soon as the analysis only considers 
the critical sections in this part of the line. This thesis works on capacity improvements of the 
double-track line, assuming stations and other track stretches out of the study area are enough 
capable to meet its capacity. For instance, station capacity improvements would be a work for 
further studies involved in a broader analysis, applying solutions such as additional platforms, 
optimization of platform operations to reduce dwell times, dispatching measures, etc., whereas 
trains would keep on using the open track arrangement to be defined in this thesis. 
 
Due to the asymmetry of the infrastructure as well as for the timetable, track occupation is 
calculated and analyzed per line direction. 

4.3.1 Southbound direction 

Checking the time-distance diagram derived from the Status Quo, a cluster is repeated cyclically 
over the time. Subsection B.2.3 in appendix B summarizes some train departures during a certain 
period of time when such a repetition takes place. Therefore, a train cluster is repeated every half 
an hour. The time-distance diagram presented in Figure 4.5 helps to visualize it. 
 

 
Figure 4.5: Cyclical repetition of a train cluster every 30 minutes in southbound direction 
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Compressing the blocking time graphs concerning to the diagram above, minimum headways can 
be visualized and track occupation calculated. The following pictures try to visualize both the 
blocking time graphs along the double track corridor before and after pushing together train 
blocking times. The compressed diagram shows the location of the existing capacity bottlenecks. 
 
 
 
        
a) Timetable with buffer time           b) Compressed timetable (buffer time zero) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6: Compressing of the blocking time graphs to visualize the occupation at the West track 
(southbound direction) 
 
 
 
 
 
 
Through the compressed diagram, critical bottlenecks along the infrastructure given the timetable 
approach are located. Table 4.1 gives a relative location of these critical block sections as well as 
some characteristics of them (see Appendix B related to block section numbering). 
 
 

 Critical Block Section Nr. 
 1 10 14 
Start signal [km] 67910 78764 82096 
End signal [km] 69237 79967 82991 
Length [m] 1327 1203 895 
Design Speed [km/h] 140 90 130 
Location Rsw - Dt Sdm entry Rtd 

1 & 14 : reduction from 2 to 1 track 
10 : dwell time at station 

 

Table 4.1: Location and characteristics of bottlenecks located over the West track 
(southbound direction) 
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Besides, train series involved at each critical section are also stored in Table 4.2 according to their 
relative position within the “compressed timetable”.  
 
 

Train Critical Block 
Section Nr. Preceding Following 

10 AR5000 IC1900 
1 IC1900 IR2200 

14 IR2200 HST9300 
1 HST9300 AR5100 

14 AR5100 IC2100 
1 IC2100 AR5000 

 
Table 4.2: Train series involved at each critical section (southbound direction) 

 
 
Minimum headways allow to directly determining the cycle time for a train cluster, hence to 
calculate the track occupation. Table 4.3 indicates the calculated infrastructure occupation in 
southbound direction along the line regarding the Status Quo timetable approach representing 
railway operation in 1999. 
 
 

Track Occupation 
Southbound direction = 90 %

 
Table 4.3: West track occupation estimation  

 

4.3.2 Northbound direction  

As previously done, repetition of a different train cluster along the timetable is also present in 
North direction as shown in subsection B.2.3 in appendix B. 
 
A cluster of trains starts every 30 minutes from Rotterdam CS direction Den Haag HS. These 
clusters are visualized in the time-distance shown in Figure 4.7. 
 
 

 
Figure 4.7: Cyclical repetition of a train cluster every 30 minutes in northbound direction 
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As done previously, the following pictures help to visualize capacity bottlenecks, the available line 
buffer and line exploitation of the timetable.  
 
 
 
 
 
a) Timetable with buffer time           b) Compressed timetable (buffer time zero) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.8: Compressing of the blocking time graphs to visualize the occupation of the East track 
(northbound direction) 
 
 
 
 
 
 
The following tables also give information about critical locations and train series involved in 
northbound direction extracted from the blocking time diagrams. 
 
 

 Critical Block Section Nr.  
 26 18 
Start signal [km] 69711 80034 
End signal [km] 69382 79392 
Length [m] 329 642 
Design Speed [km/h] 100 90 
Location Dt Rtd-Sdm 

18: strengthening from 2 to 1 track 
26: short block section at Delft station supposed to be used to approach in combination with the previous 
section to have sufficient braking distance for IC- and similar trains (block zone = section25+secton26) 

 

Table 4.4: Location and characteristics of bottlenecks located over the East track 
(northbound direction) 
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Train Critical Block 

Section Nr. Preceding Following 
26 AR5000 IC2400 
18 IC2400 AR5100 
26 AR5100 INT600 
18 INT600 IR2200 
26 IR2200 IC1900 
18 IC1900 AR5000 

 
Table 4.5: Train Series involved at each critical section (northbound direction) 

 
 
 
As done before, minimum headways lead to calculation of the track occupation in northbound 
direction as shown in Figure 4.8. 
 
 
 

Track Occupation 
Northbound direction = 88 %

 
Table 4.6: East track occupation estimation (northbound direction) 

 
 
 
 

4.4 Summary and conclusions 

In this chapter, a few basic principles and definitions have been presented as a general background 
for capacity research in railway operation. Then, an analysis of the Status Quo’s line occupation 
has been developed splitting up the analysis into the two existing directions: southbound and 
northbound direction. Based on a blocking times approach, computational research has been done 
to come up with track occupation estimations that serve as a reference for the analysis to be done in 
the coming chapters. 
 
This chapter concludes that running only one cluster per direction every 30 minutes, the track 
occupation reaches values of 90% and 88%, which are significantly high values for a double track 
line with regard to the different standards stated in the previous section (see Table 4.7). However, 
such high values were expected from the beginning due to the dense scheduling and characteristics 
of the Status Quo for 1999. 
 
 

Capacity Utilization Southbound 
direction 

Northbound 
direction 

Status Quo Track Occupation 90% 88% 
Percentage difference to UIC +15% +13% 
Percentage difference to ProRail +10% +8% 

  
Table 4.7: Percentage difference in track occupation per line direction 
compared to maximum standards 
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The obtained blocking time diagrams clearly indicated the location of bottlenecks or critical 
sections along the double track line at specific slots, matching more or less in both directions. In 
particular, critical block sections number 1 & 26 and 14 & 18 represent infrastructure bottlenecks 
as a consequence of the reduction from two to one track, shifting blocking times from different 
train paths to the same track. On the other hand, critical block section 10 is caused by a stop in 
southbound direction at Schiedam station. This is the typical bottleneck arising from such type of 
mixed operation in a double railway track due to large dwell times spent by stopping trains at 
stations. At the same time low speed design at surroundings tracks due to acceleration and 
deceleration movements also leads to larger blocking times which suit conflicts. 
 
All these bottlenecks detected lead to a misuse of available time margin between blocking time 
graphs both downstream or upstream the bottleneck location, hence a waste of the existing 
timetable capacity (which will be discussed in Chapter 6, see Figure 6.1 and Figure 6.2). Higher 
capacity utilisation might be achieved if the Status Quo would have less infrastructure and 
scheduling constraints that cause this suboptimal capacity situation. Obviously, the obtained results 
prove that the existing capacity consumption does not offer possibilities for additional train runs to 
be fit. 
 
In the next chapters capacity improvements by means of either new infrastructure or new 
arrangement of the signalling system are treated to deal with capacity bottlenecks at critical 
sections and to improve track occupation of the existing scenario as well as provide alternative 
scenarios for a hypothetical demand increase. Other solutions with regard to a better capacity use 
like dwell time management at stations or detailed rescheduling will be quoted but not treated in 
detail in this thesis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




