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Abstract. The paper describes UIC methodology and a technique used by Slovakian infrastructure managers for 
estimating railway capacity and proposes a new approach to evaluating the capacity consumption of a track line (oc-
cupation time) based on the graphic approach. The new methodology concerns for the assessment of infrastructure 
occupation time and is a conceptual framework developed by the authors for an easier evaluation of occupation time 
in the train traffic diagram.
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1. Introduction

The problem of estimating time table construction and 
railway infrastructure capacity is very specific in rail-
way transportation. The definition of railway network 
capacity is one of the key issues of capacity management. 
Capacity expresses the business of an infrastructure 
manager offered by allocating train paths to railway un-
dertakings. The most frequently used definition includes 
that practical capacity is the quantum of the allocated 
train paths on the track section until it is possible to 
manage traffic at a satisfactory qualitative level (Hertel 
1992; Gašparík and Pečený 2009).    

There are a variety of methodologies for capacity 
estimation used by infrastructure managers across Eu-
rope. Based on the reformation of the European railway 
companies with the separation of infrastructure and 
exploitation, the working group of the capacity man-
agement of the International Union of Railways (UIC) 
drew up a new version of the UIC Code 406 ‘Capacity’ 
(UIC… 2004). The aim of this leaflet is to enable infra-
structure managers to carry out capacity calculations fol-
lowing common definitions, criteria and methodologies 
from an international standpoint – for lines or corridors 
based on different criteria such as traffic quality, timeta-
ble quality or effective and economical utilization of the 
infrastructure.

This paper describes and compares two methodolo-
gies one of which is used by the infrastructure manager 

in Slovakia (ŽSR  – Železnice Slovenskej Republiky) and 
the second is applied in the UIC methodology. 

Consequently, a new approach to the estimation of 
capacity consumption (occupation time) based on the 
graphic UIC approach was developed by the authors. 
The new methodology is a conceptual framework for an 
easier evaluation of occupation time in the train traffic 
diagram.

2. Methodology Used by the Infrastructure Manager 
in Slovakia (ŽSR)

Railway infrastructure capacity on the ŽSR network is 
expressed by the practical capacity value which means 
the quantity of train traffic sustained and regularly man-
ageable on the given technical and traffic track equip-
ment in most of cases taking a 24 hour time period. The 
capacity of the railway infrastructure embraces track ca-
pacity, railway station capacity and capacity for supply-
ing electrical equipment. The methodology of capacity 
estimation is introduced in the internal ŽSR Regulation 
(D 24… 1965).

A track section is the most important operational 
equipment for the estimated capacity where graphical 
or analytical ways of capacity estimation are combined 
(Gašparík and Pokorný 2007).

The graphical approach is based on the construc-
tion of the graphical working plan of operational equip-
ment or an element (time table). All requested actions 
are arranged considering railway traffic, thus this ele-
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ment can work properly and continuously. If there is 
some space for more trains, the following train paths are 
added. There is a need to respect all relevant time inter-
vals. The drowned trains are summed up in the bound-
ary stationary section which indicates the capacity of the 
track line (the number of train paths per time period). 
Also, the first step to find a boundary inter-stationary 
section where occupation time for planning train se-
quences is defined. 

This fact is also relevant in the case of an analyti-
cal approach. The total occupation time of all estimated 
trains as a conjunction of the number of corresponding 
trains and particular occupation time periods is calcu-
lated. Next, an average infrastructure occupation per one 
train path tobs as well as buffer time per train path poz

medzt  
is calculated and an effective (practical) capacity of the 
track line section is estimated: 
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[train paths per time window], (1)

where: n – practical capacity [train paths per day]; T – 
time window [min]; Tvyl – supplement for maintenance 
[min]; Tstal – fixed occupation [min]; tobs – average oc-
cupation per one train path [min]; poz

medzt  – buffer time 
per one train path according to the ŽSR Regulation D 
24 (1965) [min].

On the double track line, capacity is calculated sep-
arately for each track (direction). 

3. UIC Methodology

The UIC methodology is an easy and effective way of 
calculating capacity consumption; however, it is possi-
ble to expound the UIC Code 406 method in different 
ways which can lead to different capacity consumptions. 
The main problem is to study relations between capac-
ity consumption, time supplements and punctuality. The 
estimation of capacity consumption is executed with 
support by common simulation tools. The methodol-
ogy does not exactly work out how to find out capacity 
consumption. 

According to the UIC Code 406, the capacity of 
the railway infrastructure is the total number of pos-
sible train paths in a defined time window considering 
the actual path mix or known developments respectively 
and personal assumptions of infrastructure managers in 
nodes, individual lines or a part of the network taking 
into account market-oriented quality (UIC… 2004). 

This methodology is based on the graphical com-
pression of train paths within defined compression sec-
tions to find out consumption time on the section.  Such 
compression considers minimum headways that depend 
on a signalling system and train characteristics (see Figs 
1 and 2).

Consumption time represents the time when the re-
garded section is occupied by train paths. A high degree 
of occupation indicates a possible capacity bottleneck. 
Lower consumption times may indicate a lack of traffic 
and income for the infrastructure manager. However, the 

evaluation of capacity using the UIC 406 methodology 
supports infrastructure managers to create the network 
in the most efficient and suitable way.

The application of UIC 406 starts with defining all 
network sections having wide compression. The repre-
sentation of trains per network link via interface allows 
the identification of the suitable sections. 

A wide application of the network employing the 
UIC-Method allows a standardized evaluation of bottle-
necks and usable spare capacity. Actually, the method is 
applied for investigating future scenarios regarding dif-
ferent traffic forecasts and infrastructure variants. Addi-
tional paths have to be saleable, i. e. have a possibility of 
adding them into a timetable with a minimum of con-
flicts on long route sections.

The formula for determining capacity consumption 
according to the UIC Code 406 is:

k A B C D= + + +    [min], (2)

where: k – total consumption time [min]; A – infrastruc-
ture occupation [min]; B – buffer time [min]; C – sup-
plement for single-track lines [min]; D – supplements 
for maintenance [min].

Fig. 1. A Train traffic diagram – trains on 
the double track line (Sadloň and Bachratý 2004)

Fig. 2. A train traffic diagram – trains after compression 
according to the UIC Code 406 (Sadloň and Bachratý 2004)
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Capacity consumption is defined:

100kK
U

= ⋅    [%],  (3) 

where: K – capacity consumption [%]; U – chosen time 
window [min]. 

Capacity consumption is characterized by the value 
of infrastructure occupation (% of a time–window). The 
UIC Code 406 gives typical values corresponding to the 
type of a track (see Table 1). If infrastructure occupation 
[%] is higher or equal to this certain typical value, the 
analyzed line section should be called congested infra-
structure and no more additional train paths might be 
added to the timetable. If occupation is lower than a cer-
tain typical value, capacity analysis must be further de-
veloped concerning the incorporation of the additional 
train paths of the type corresponding to the particular 
area into the timetable. If such incorporation is impos-
sible, leftover capacity is lost capacity which cannot be 
used any longer. If this incorporation is possible, a cer-
tain part of leftover capacity will become usable capacity. 
In this case, further analysis must be carried out start-
ing from the compression of the timetabled train paths 
including additional train paths. This procedure can be 
repeated until either infrastructure occupation reaches 
the congestion level. 

On the condition that buffer times are sufficient for 
timetable stability, capacity consumption can theoreti-
cally reach 100% of the time-window considered. If it is 
greater, the infrastructure is congested.

This methodology is sufficient for estimating time 
occupation on double tracked lines (Gašparík and 
Zitrický 2008). 

4. Proposal for a New Methodology Estimating 
Occupation Time 

The new approach to researching occupation time (con-
sumption time) is proposed in accordance with the UIC 
Code 406. This methodology estimated capacity con-
sumption differently. There is no necessity to exercise 
the consumption procedure by simulation progress. The 
new approach is also based on the graphical methodol-
ogy. The constructed train diagram defines occupation 
surface (the so called occupation squares) done by the 
conjunction of distance and time in the train traffic 
diagram (Gašparík and Zitrický 2008). The share of all 
occupation surfaces on the total surface of the graphic 

train diagram (time window, see Fig. 3) presents the 
occupation rate (capacity consumption). The proposed 
formula of the occupation rate is:
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where:   – a sum of occupation squares in the 
block sections;  – a sum of occupation squares by 
track time intervals and station time intervals (in case of 
one-way traffic – train sequence intervals and in case of 
one-track line – crossing intervals and stepwise arrival 
intervals); ST  – a square of time window (peak hour or 
all day); i – 1...n,  where n is the number of occupation 
squares in the block section; j – 1...m, where m is the 
number of occupation squares of operation time inter-
vals (in the station and in block sections).

The value of the occupation rate expresses infra-
structure capacity occupation considering necessary oc-
cupation times in per cent.  

Occupation square in block section Sobsi is defined 
by the conjunction of the block section and travelling 
time in this section (see Fig. 4). 

The occupation squares of track time intervals and 
station time intervals SPV are designed in several vari-
ants according to different track safety devices and a 
train control system. The squares were defined in com-
pliance with the Regulation D 23 of ŽSR (D 23... 1968) 
view to the graphic interpretation of the following train 
intervals. There is a similar definition as is common in 
Western Europe – an average buffer time between two 
trains should not be a lot less than the average minimum 

Table 1. The recommended limits of consume capacity in the UIC Code 406 (UIC… 2004)

Type of line Peak hour Daily period Comment

Dedicated suburban
passenger traffic 85% 70% The possibility of cancelling some services 

allows for high levels of capacity utilisation

Dedicated
high-speed lines 75% 60%

Mixed-traffic lines 75% 60%
Can be higher when the number of trains is 
low (smaller than 5 per hour) with strong 
heterogeneity
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Fig. 3. A square of the time window (all day) ST in the 
analyzed track section
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line headway (Hansen and Pachl 2008). In principle, oc-
cupation square is done by the conjunction of the opera-
tion time interval (in a station or block section) and the 
distance between stations or block signals.

Occupation squares representing track intervals are 
estimated in:

 – the case when an inter-stationary section is si-
multaneously one block section (not divided into 
more block sections) – see Fig. 5;

 – the case when an inter-stationary section is di-
vided into sections of a  few blocks using block 
signals (the signals are operated by the staff)  – 
see Fig. 6;

 – the case when an inter-stationary section is di-
vided into block sections using block signals 
(with automatic control by train running). The 
occupation squares for different situations result-
ing regarding train sequence are defined:

 – both of them have equal running time (accrue 
from the axiom that the following train runs 
in a distance of three block sections). If the 
length of block sections are l1, l2, l3 … ln and 
the running times of the train in block sec-
tions are t1, t2, t3 … tn so the formula for the 
occupation square is (see Fig. 7): 

( )1 1 2 2 3 32 ...PV n nS l t l t l t l t= ⋅ ⋅ + ⋅ + ⋅ + + ⋅ ; (5)

 – the first train is faster and the second is 
slower (accrue from the axiom that the fol-
lowing train runs in a distance of two block 
sections). In this case, the square surface of 
the time interval represented by the sum of 
squares is (see Fig. 8): 

1 1 2 2 3 3 ...PV n nS l t l t l t l t= ⋅ + ⋅ + ⋅ + + ⋅ ; (6)

 – the first train slower than the second one (the 
first train must entry the next station, the sec-
ond may run in a distance of three block sec-
tions). The square surface of occupation time is 
represented by the sum of squares (see Fig. 9): 

( )1 2
2

n

¯¯¯S l l t l t- -= + ⋅ + ⋅∑ .  (7)

The detailed estimation of occupation squares is 
evident from the corresponding figures. 

A

t, min

B

l, km

Fig. 4. Occupation square Sobsi in the block section
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B

Fig. 5. The occupation square of track time intervals
 SPV – a simple inter-stationary section

A

B

Block
signal X

Fig. 6. The occupation square of track time intervals SPV  – 
an inter-stationary section divided into block sections
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Fig. 7. The occupation square of track time intervals SPV  – 
an inter-stationary section is divided into block sections 

(automatic signals) – equally running trains
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Fig. 8. The occupation square of track time intervals 
SPV  – an inter-stationary section is divided into block 

sections (automatic signals) – the first train  
faster, the second train is slower
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The formula of the occupation rate is the same for 
estimating one-track lines and double-track lines (4). In 
case of the train crossing the station, the sum of occu-
pation squares is estimated differently. It is necessary to 
set station time intervals (crossing intervals, stepwise ar-
rival intervals, stepwise departure intervals and stepwise 
arrival-departure intervals) according to the ŽSR meth-
odology (D 23… 1968). Occupation square is done as a 
junction of this station interval and the distance of the 
relevant block section (see Fig. 10). If the trains follow 
each other, it is necessary to estimate occupation time as 
in the case of the double track line. 

The inspection of occupation time according to the 
new methodology consists of these steps (Gašparík 2009):

1. the estimation of the infrastructure occupation 
rate – formula (4);

2. if the infrastructure occupation rate is higher or 
equal to a certain typical value (see Table 1), the 
infrastructure is congested, whereas if the rate is 
lower, then a certain typical value goes to step 3;

3. capacity analysis should be developed further 
adding additional train paths typical for the ex-
aminant time window and track line until the 
typical value is reached (see Table 1);

4. estimating infrastructure capacity as the percen-
tual infrastructure occupation rate (formula 4).

This proposed methodology of estimating infra-
structure capacity is usable providing common timeta-
bling software tools with graphical support. The incor-
poration of occupation square imaging to the common 
software (see Muthmann 2004; Gröger 2002; Šotek et 
al. 2008; Šotek and Bachratý 2009) is not that difficult 
from the point of view of software creation. Software 
will fulfil the task of an easy calculation of squares in 
the train graphic diagram (time-table). 

5. Case Study 

The authors of the methodology made a case study for 
the verification of the proposed methodology in terms of 
real time table conditions (Gašparík et al. 2008). Capac-
ity estimation was carried out employing software ZO-
NA-CP-VT that uses ŽSR for time table construction. 
This software is eligible for applying the new methodol-
ogy and will be required only for insignificant software 
modification to ensure drawing occupation squares in 
the train traffic diagram.

For the case study, track section Zbehy – Leopoldov 
on ŽSR railway network was chosen. The line has one-
track and mixed traffic for both passenger and freight 
trains. The obtained results are introduced. 

47 regular train paths are presented in the diagram. 
The researched time period embraces the whole day 
(time window period is 1440 min). 

According to the proposed methodology, the results 
are presented in Table 2. Step 1 evaluates capacity con-
sumption in the outgoing state (see the fragment of the 
train diagram in Fig. 11). The occupation rate is 33.3%.  
Capacity consumption does not reach the typical value 
of 60% under conditions of mixed traffic (see Table 1).

Following step 3, the added train paths were insert-
ed in the train diagram. The additional train paths are 
typical for the examinant section; in this case, regional 
passenger trains and running freight trains were added 
(Fig. 12).

These paths must be inserted into the whole in-
spected track section until the occupation rate reaches 
the typical value of 60%. The result in this case is 32 add-
ed train paths in the 24 hour time window. Capacity con-
sumption is 58.43% and the capacity of the track section 
is 79 trains per day.  

This result was compared with the current analyti-
cal methodology of ŽSR according to the Regulation D 
24. The result of track capacities for the ŽSR network is 
listed in the internal document – the list of ascertained 
capacities (the so called booklet of capacities). Track 
section Zbehy – Leopoldov contains the capacity of 74 
trains per day.   

The estimation of time occupation according to the 
UIC methodology was not done due to the fact that this 
methodology gives no satisfactory result for one track 
lines, and therefore the problem of executing the graphi-
cal compression of the opposite running train paths oc-
curs. In this regard, a comparison should not be pur-
poseful. 
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Fig. 9. The occupation square of track time intervals 
SPV – an inter-stationary section is divided into block 

sections (automatic signals) – the first train  
slower than the second one

C

A

B

Fig. 10. The occupation squares of station time intervals (one 
track line – bi-directional traffic)
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6. Conclusions

The burning problem of capacity estimation is connec-
tion with the liberalization of the infrastructure access. 

A huge variety of methodologies for capacity esti-
mation are used across Europe. Thus, the UIC method-
ology is not obligatory for infrastructure managers as in 
this case, different treatments are often used. An example 
of capacity estimation is introduced in (Wahlborg 2004). 

The imperfections of the UIC methodology for con-
sumption estimation are as follows: 

 – not exactly defined track section for capacity in-
vestigation;

 – vagueness in defining occupation time after com-
pression as there is disambiguation whether oc-
cupation time is  regarded to the first or the last 
station on the track section. It can be also differ-
ent if there are unparallel train paths;

Fig. 11. Occupation squares in the fragment of the train traffic diagram with no added train paths (Gašparík et al. 2008)

Fig. 12. Occupation squares in the fragment of the train traffic diagram with added train paths (Gašparík et al. 2008)

Table 2. The obtained results of the case study 

Indicator
Outgoing 
number of 
train paths

Final
 number of 
train paths

The number of regular train 
paths in the train diagram 47 47

The number of added train paths 0 32

The total number of trains 47 79

The sum of occupation squares 

1 1

n m

obsi PVj
i j

S S
= =

+∑ ∑ (min / km)
11 508.75 20 194.05

A square of day time window ST  
(min / km) 34 560 34 560

Capacity consumption (%) 33.3 58.43
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 – not exactly defined capacity utilization on single-
track lines. The formula for railway infrastructure 
capacity consumption suggests equation term ‘C’ 
which is the supplement to single-track lines; 
however, the UIC methodology provides nothing 
for solving the question and does not determine 
exactly capacity on single-track lines. 

These disadvantages should be removed using an 
appropriate definition of simulation run. Cardinal im-
provements in the UIC methodology is a definition of 
occupation time by train paths in the time window cal-
culated applying common simulation software. An im-
portant point is the estimation of unused (free) capacity 
as a  compulsory indicator published by the infrastruc-
ture manager. The pivotal moment of capacity estimation 
is used to define the required quality of train traffic in the 
constructed time table. The presented new methodology 
of occupation time estimation based on the graphic ap-
proach makes the UIC methodology more usable and 
enables to obtain more exact results from infrastructure 
capacity examination. Common software tools for time-
tabling and capacity inspection need to be upgraded by 
adding the function analysing occupation squares.

The proposed methodology does not substitute 
simulation techniques giving a better result of capacity as 
these procedures consider the exact train mix and delays.  

The new methodology introduced by the authors of 
this paper represents an efficient way of how to estimate 
occupation time in the train traffic diagram. The authors 
also propose this original methodology to be widely dis-
cussed by more experts in the field. It is easy to adapt 
to conditions for representing another train traffic dia-
gram used in Western Europe as well as different soft-
ware (Germany, Austria etc.). The authors adopted this 
approach considering conditions of Slovak railways. The 
methodology estimating railway capacity should be inte-
grated into the UIC Code 406 and constitute the unified 
methodology for all infrastructure managers.     
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