
213“Naše more” 65(4)/2018., pp. 213-217

Capacity of Main Railway Lines – Analysis of 
Methodologies for its Calculation

Lenka Černá
University of Žilina
Faculty of Operation and Economics of 
Transport and Communications
Department of Railway Transport
Slovak Republic
e-mail: lenka.cerna@fpedas.uniza.sk

Peter Blaho
Železnice Slovenskej republiky (ZSR)
Slovak Republic
e-mail: Blaho.Peter@zsr.sk

Vladimír Ľupták
Institute of Technology and Business in 
České Budějovice
Faculty of Technology, Department of 
Transport and Logistics
Czech Republic
e-mail: luptak@mail.vstecb.cz

Peter Šulko
Železnice Slovenskej republiky (ZSR)
Slovak Republic
e-mail:  Sulko.Peter@zsr.sk

DOI 10.17818/NM/2018/4SI.9
UDK 625.1:656.2
          656.2:338.485.2
Original scientific paper
Paper accepted: 28. 8. 2018.

Summary
This contribution in a cross section way focused on the analytical determination of 
practical capacity of main tracks and the issue of the required capacity in the context 
of the comparison of national methodology used by the ŽSR and the recommended 
international UIC methodology. Methodology for the calculation of permeable 
performance within the national conditions is stipulated by ŽSR´s regulation – 
D24, the methodology within the international conditions for members of the UIC 
railway union is recommended by UIC Code 406. Both of presented methodologies 
have their pros and cons, which are consistently derived from this text.
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1. INTRODUCTION
„The capacity of the railway infrastructure is determined by the 
number of train paths that can be planned over a certain period 
of time on a certain part of the railway infrastructure due to the 
heterogeneity of the train types and the required quality of the 
train transport“ [1], [2].

In rail transport and in terms of our conditions it is usual to 
call the capacity of the track “permeable performance of track” 
or alternatively in abbreviated term “track permeability”. The 
practical permeable performance of track (or track section) 
indicates the maximum number of train traffic (expressed in 
number of train paths) that can be set for the track taking into 
account the time required to carry out inspections, maintenance 
or planned renovations of the facilities and also the time  
necessary to compensate for the delays caused by irregularities 
and failures in rail transport [3-4].

Methodology for the calculation of permeable performance 
within the national conditions is stipulated by ŽSR´s regulation 
– D24 [2], the methodology within the international conditions 
for members of the UIC railway union is recommended by UIC 
Code 406. In this contribution, we will deal with the analytical 
determination of the practical permeability of the track and its 
required quality in the context of comparison of the methods 
stipulated in the above mentioned documents.

The methodology of measuring the customer satisfaction 
with the provided services in logistics enterprise is proposed 
by the several steps. The proposal of methodology utilizes the 
customer questionnaire survey as well [4]. 

2. METHODOLOGY OF THE ŽSR – D24
In the Slovak railway transport operation, the methodology of 
the regulation ŽSR D 24 is applied. Such regulation establishes 
relations for calculation of both quantitative and qualitative 
indicators of permeability performance. 

Practical track permeability nprakt, expressed in the number 
of trains for the calculation time, is calculated according to the 
formula [5]:

          (1)

where variables in formula relate to the track (or track section) 
are:
T – calculation time for which permeable performance of track 
is calculated [min]
Tvyl– total time in which the track in the calculation time is 
excluded from service for the purpose of maintenance, repair 
[min]
Tstal – total time of constant manipulation, i.e. the time at which 
the track during the period “T” is occupied by other activities 
than that in which its permeable performance is detected [min]
tobs – average time of occupancy of the track by average train 
[min]
tmedz – average time of gaps for one average train [min]

Following this quantitative indicator, we evaluate the 
practical track permeability also by qualitative indicators, which 
are in particular the degree of occupancy so and the usage of 
permeable performance Kprakt.
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              (2)
where:

Tobs – total time of occupancy of track [min]

                       (3)

where:
Nprav – total number of regular trains [vl.T-1]
Usage of practical permeable performance Kprakt based on 

formula (3) is calculated by using number of trains  as the unit 
of measurement – (during the reference period). However, by 
putting the formula (3) into formula (1) and its modification), 
we get a formula for the calculation of the practical permeable 
performance Kprakt by time as the unit of measure:

           (4)

A sufficiently occupied timetable is considered the one 
with degree of occupancy in a range of 0.5 to 0.67. Normative 
permeability is defined as use of practical permeability Kprakt by 
regular transport in the range of 80-90%.

These qualitative indicators therefore constitute an optimal 
boundary between the acceptable use of infrastructure capacity 
and time reserves (backups) needed in particular to compensate 
for the delays caused by  irregularities and failures in rail transport, 
as well as for reasons stated in the literature for the average 
additional time tdod and average time of probable disturbances 
of rides trus. The parameter that evaluates and secures the above-
mentioned balance and thus the quality of the timetable is the 

gap time (e.g., in relation (1) tmedz) also called timetable backup.
Recommendation stated in regulation ŽSR D24 takes into 

account both, the character of the track section and the time of 
occupation. Time backup (gap) tmedz is recommended for operating 
conditions difficult (A), normal (B) and simple (C) depending on 
the time while the track section is occupied by train. Overview of 
recommended times for gaps, as well as their percentage share, in 
connection to the occupancy time is stated in Table 1.

3. FLOWCHART REGARDING THE SELECTION OF 
THE CRITERIA
Determining the set of criteria is based on the proposed 
flowchart. It is verified by applying the flowchart containing the 
criteria which are crucial for measuring the customer satisfaction 
with the provided logistics services [6-8].

Flowchart is created based on the real observations of the 
logistics processes in the selected companies. The consecutive 
steps of the selection of criteria are shown in the flowchart. 
Definition of the process (problem) represents the first step of 
creating the flowchart. Definition of the relevant tasks of the 
process: monitoring and understanding the accurate records of 
process represents next step [9-11].

Figure 2 shows the graphical representation of selecting the 
criteria for measuring the customer satisfaction [12].

From Table 1 it is evident that with the increasing tobs, 
the value of the tmedz increases too, but in a slower pace. This 
character can also be expressed by the regression correlation 
equation, whose shape is also shown in Figure 1.

Table 1 Required gap times according to the regulation of ŽSR D 24 and their share to the occupancy time 

tobs

tmedz = tdod + trus   [min] proportion tmedz   to  tobs [%]
A B C A B C

5 4.7 3.1 2.5 94% 62% 50%
6 5.7 3.8 2.9 95% 63% 48%
7 6.6 4.4 3.4 94% 63% 49%
8 7.4 5.0 3.8 93% 63% 48%
9 8.3 5.5 4.2 92% 61% 47%

10 9.1 6.1 4.6 91% 61% 46%
11 10.0 6.7 5.0 91% 61% 45%
12 10.8 7.2 5.4 90% 60% 45%
13 11.6 7.8 5.8 89% 60% 45%
14 12.4 8.3 6.1 89% 59% 44%
15 13.1 8.8 6.5 87% 59% 43%
16 13.9 9.4 6.8 87% 59% 43%

Source: authors, based on [12], [13] 

Source: [13] 
Figure 1 Correlation between gap time and occupancy time
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If the calculated value of the average gap time tmedz for one 
average train (from formula (1)) is lower than the recommended 
value according to the regulation ŽSR D 24 (Table 1), then there 
is a high risk of endangering the quality of timetable and its 
planned feasibility.

4. METHODOLOGY OF UIC 406
For the purpose of international comparability of permeable 
performance, i.e. railway infrastructure capacity, between 
individual infrastructure managers, the UIC Railway Union 
declared the methodology recommended in UIC Code 406 
Capacity [13].

According to this methodology, the utilization of the 
capacity on the track section and within the calculated period 
is referred to as “capacity consumption”.

  (5)

In this case, the optimal boundary between the use 
of infrastructure capacity and time reserves (backups), i.e. 
meaningfully the same as tmedz in the ŽSR D 24 methodology, 
represents an additional time rate.

The criteria necessary for determining and assessing 
the “optimal” additional time are based (as well as in case of 
gap times tmedz in the ŽSR methodology) on the operating 
characteristics of the existing timetables, or actual delays. 
However, extrapolation of time series may be time consuming, 
if not impossible. For this reason, the standard value of the 
occupancy time rate was determined as an expression of the 
required level of quality of the services provided and is given in 
percentage expression:

    (6)

In the process of congestion of train paths, UIC 406 Decree 
recommends the standard values of the occupancy time rates 
by type of traffic on the track as follows:

Table 2 Proposed occupancy time rates

Type of line Peak hour Daily period

Dedicated suburban passenger traffic 85 % 70 %
Dedicated high-speed line 75 % 60 %
Mixed-traffic lines 75 % 60 %

Source: authors, based on [13]

Following the occupancy time rate, the recommended 
values of the additional time rates derived from the occupancy 

time rates are shown in the following table 3:

    (7)

Table 3 Proposed additional time rates for lines
Type of line Peak hour Daily perion

Dedicated suburban passenger traffic 18 % 43 %
Dedicated high-speed line 33 % 67 %
Mixed-traffic lines 33 % 67 %

Source: authors, based on [13]

Capacity consumption values reflect the basic concepts 
of capacity expressed through the timetable properties 
of individual train paths and therefore are used to identify 
the bottlenecks. Therefore, the assessment of the capacity 
consumption (as well as the recommended ratio between 
the occupancy time rate and the additional time rate) is made 
according to the formula:

  (8)

From the formula (6), it is obvious that with the increasing 
occupancy time the occupancy time rate logically increases too, 
while it is evident from the formula (7) that with the increasing 
occupancy times the value of the additional time rate decreases. 
Thus, the dependence of the occupancy time rate and of the 
additional time rate from the occupancy time during the 
defined time period can also be expressed graphically [13].

In figure 2 and figure 3, there are for the defined time period 
1440 minutes, displayed recommended limits for the (most 
widely spread) mixed-traffic lines as are indicated in Tables 2 
and 3. Limit values indicated in the graphs and their direction 
are marked by red. 

It can be stated that if the capacity consumption value 
is below the 100% limit, the part of capacity is still unused. 
Otherwise, if the recommended limit values are exceeded (for 
example, Table 2 and 3, Figure 2, then there is a high risk of 
endangering the quality of timetable and its planned feasibility 
[14].

The balance between the utilized capacity consumption 
and the recommended limit rates is set to use the whole defined 
time period and thus the capacity consumption up to 100%. 
This argument is also proven by the formula in which we put 
into equality formula (5) and formula (8). Subsequently, we put 
formulas (6) and (7) into a formula (8) and simplify the resulting 
formula (9) to (10). Special attention should be paid the the unit 

Source: [14] 
Figure 2 Occupancy time rate and Additional time rate
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equivalence, i.e. transfer and correct placement of percentages 
on numerical values.

                          (9)

where we have shortened the original tags due to the length of 
the relationship as follows:

Tobs = Occupancy time [min]
Tdod = Additional times [min]
T     = Defined time period [min]

                                   (10)

5. COMPARABILITY OF ŽSR AND UIC 
METHODOLOGIES
The presented methodologies for calculating and assessing 
the permeable performance of the track use different methods 
of calculation to achieve their results (utilization or capacity 
consumption), although by apparently different parameters, 
they are ultimately mutually comparable.

Therefore,  in the sample example we calculate the capacity 
of the track with normal conditions i.e. mixed train traffic in (T) 
1440 minutes (24 hours) if we the number of expected trains (N) 
45 trains with an average occupancy time (tobs) 12 minutes per 
train [14].

Calculation according methodology of ŽSR D 24:
 - defined time period T = 1440 min,
 - occupancy time Tobs = 540 min,
 - gap time (according  table 1 = 7.2 min per  1 train) = 324 min,
 - practical track permeability [according (1)] nprakt = 75 trains,
 - degree of occupancy [according (2)] so = 0.375,
 - usage of permeable performance [according (3), as well as 

(4)] Kprakt = 60%.
Calculation according UIC 406:

 - defined time period T = 1440 min,
 - occupancy time (Tobs) = 540 min,
 - additional time [Tdod according (10)] = 900 min,
 - capacity consumption [according (5)] = 60%,
 - occupancy time rate [according (6)] = 37.5%,
 - additional time rate [according (7)] = 166.67%,
 - capacity consumption [according (8)] = 100.01%.

The total time of track occupancy consists of the sum of the 
partial times of the occupation of individual trains, and it serves 
also as the basis for the ŽSR methodology. However, if for some 
reason we only knew the total occupancy time (just like the 
UIC methodology), we would determine the total required gap 
time by the regression correlation equation shown in figure 2. 
Then, from our example the time of occupation, Tobs = 540 min 
and based on the formula tmedz = 0.420 + 0.564.tobs, the total gap 
time Tmedz = 304.98 min and consequently the use of permeable 
performance will be

Kprakt = 58.68%. The slight deviation between these values 
and the values based on ŽSR methodology, is caused by 
estimation of the regression correlation equation parameters, 
which has the reliability value R2 = 0.999 [15-18].

6. CONCLUSION
Both presented methodologies have their pros and cons, 
which are consistently derived from this text. Despite different 
calculation methods, both methodologies have  the same 
results (i.e., numerical versus percentage), declaring degree 
of occupancy according to (2), respectively  the occupancy 
time rate according to (6), as well as the use of the permeable 
performance according to (3), (4) or capacity consumption 
according to (5).

As a result, we can conclude that the calculation of the 
practical permeability of the track can still be performed 
according to the domestic methodology according to the ŽSR 
D24 regulation.

The proposed limit values for the occupancy time rates 
(Table 2) in the context of the degree of occupancy expressed 
in percentage, as well as the additional time rate (Table 3) in 
the context of the gap times expressed in proportion to the 
occupancy time in percentage (Table 1), are according to the 
UIC methodology 406 towards ŽDR D24 methodology for the 
calculation of track permeability only slightly more stringent. 
This small difference is practically acceptable, so we can 
continue to perform the assessment limits of these indicators 
(degree of occupancy, gap time) according to the domestic 
methodology according to ŽSR D24
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