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Abstract: The issues that determine the capacity of railway infrastructure are topical in situations
that are reaching operating limits. According to the objectives of the European transport policy, it
is assumed that up to 30% of road freight over 300 km should shift to other modes such as rail or
waterborne transport by 2030. The transport system should become more competitive and efficient
in the use of resources. This places high demands on the railway infrastructure, which is mainly
operated in a mixed transport mode, with both passengers and freight. It is necessary to increase the
capacity of these lines as a priority. The intent of this paper is to propose procedures that will simply
and accurately determine the quantification of benefits for increasing the throughput performance
of the line. For the initial estimates and assessments of investment measures, it is advantageous to
use analytical methods to determine the throughput performance. The methodological approach
for determining the throughput performance in the anticipated timetable and case study were
approximated on the example of the rail freight corridor marked “Amber” that passes through
Slovakia. Analytical procedures have been proposed according to the methodology used on the
railways of Slovakia, and the quality issues were assessed using a new approach for determining
the optimal and critical throughput performance. The mentioned procedures are advantageous for
assessing infrastructural measures from the point of view of a railway infrastructure manager.

Keywords: practical throughput performance; railway infrastructure; train traffic diagram;
infrastructure measures; freight corridor

1. Introduction

The transport policy of the European Union (EU) aims to achieve a reduction of 60% in
GHG emission by 2050; the transport system should become more competitive and efficient
in its use of resources. To achieve this, more than 30% of road freight over 300 kilometres
should be shifted to other modes such as rail or waterborne transport by 2030, and more
than 50% should be shifted by 2050, facilitated by efficient and green freight corridors [1].

The EU supports the development of rail freight corridors (RFCs). There are nine
established RFCs focused on offering quality customer-oriented rail freight services with
improved capacity and harmonised technical standards [2,3]. The RFCs reinforce the
cooperation among infrastructure managers to increase the efficiency of cross-border traffic.
Passenger and freight transport must use the same railway infrastructure, often interfering
and putting pressure on the different schedules. Currently, passenger trains, even when
delayed, still receive priority over freight trains, which negatively impacts the necessary
flexibility and efficiency. Optimising the use of railway infrastructure is a complex and
difficult task of railway infrastructure management [4]. Therefore, numerous capacity
studies are being performed to investigate what part of extra traffic can be absorbed by the
existing infrastructure and how much investment will be required for new infrastructure [5].
The results of these studies must be rapid and precise to know how many train paths can
be offered to railway operators and how much railway traffic can be supported by the
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current network [6]. These studies must also provide regional and national authorities
as well as owners of the infrastructure with information that proves the investment in
the development of the rail network to be necessary and financially worthwhile. Based
on the analysis of the operational and technical parameters of the infrastructure, it is
possible to determine the factors that influence the use of the railway line by planned traffic
flow [7]. The running time, planned and unplanned waiting time, and buffer time are
decisive. Knowing these factors will enable infrastructure managers to take measures and,
ultimately, will create a long-term strategy that will achieve the desired use of infrastructure
capacity [8,9]. The main purpose of optimising the scope of railway infrastructure capacity
is to adapt the technical parameters of railway infrastructure to the expected traffic flow
and to clearly define and establish its capacity [10,11].

The aim of this research is to propose procedures that will simply and accurately
determine the quantification of benefits for increasing the throughput performance of the
line. For initial estimates and assessments of investment measures, it is advantageous
to use analytical methods to determine the throughput performance. There is a need to
research the qualitative factors of capacity indicators.

The subject of the case study is the RFC marked “Amber”, which connects the Mediter-
ranean region with central Poland. This corridor has lines with longer single-track sections,
meaning a lack of capacity. The methodological approach for determining the through-
put performance in the anticipated timetable and the case study are approximated on a
restrictive section of this north-south RFC corridor. The focus is a single-track section
Kysak-Presov, which is extremely busy with passenger and freight traffic. Figure 1 shows
the network of corridors in the “Amber” RFC, which is related to the assessed track. Several
variants of infrastructural measures were explored in this study to increase the capacity.
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Figure 1. The EU “Amber” rail freight corridor [3].

2. Literature Overview

In railway transport, in the case of some railway infrastructure managers, it is custom-
ary to refer to the capacity as the line throughput performance; sometimes, the abbreviated
term line throughput is also used [12]. The throughput performance of rail freight cor-
ridors is described and analysed in the study by Kontaxi and Ricci [13]. The different
techniques for capacity calculation are divided into three main categories: synthetic, ana-
lytical, and analogical. The methodology of Railways of the Slovak Republic (introduced
in Internal Regulation D24 [14]) develops three approaches to determine the throughput
performance—graphical, analytical, and a combination of both. Comparisons, analyses,
and research with proposals for innovations of this methodology have been presented
in both teaching books [12,15,16] as well in several scientific studies [17-21]. In order to
determine the meaning limit of the relationship between the definition of capacity and
throughput, the study by Gagparik and Sulko [12] proposed a modified definition of capac-
ity in the following wording: “The capacity of the railway infrastructure is determined by
the number of train paths that can be planned in a certain time window on a certain part
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of the railway infrastructure, given the heterogeneity of the train types and the required
quality of train traffic”.

The capacity of the main railway lines as well as the analysis of methodologies for its
calculation are solved in research [18] that focuses on the analytical determination of the
practical capacity of main tracks and the issue of the required capacity. The studies describe
and compare the methodology for calculating the throughput capacity under national and
international conditions. The consequences of crisis situations on railway infrastructure
were often observed to lead to a significant reduction in its throughput or a disruption of
its traffic flows.

The capacity of the railway infrastructure is expressed by the number of train paths in
a specific sequence of individual train types on a defined line section of the infrastructure
for a certain time window; furthermore, it reflects the requirements for achieving the
required quality of the transport process [19,20]. Capacity is therefore the usable throughput
performance within the sequence of train routes. The term “timetable robustness” is also
used, which refers to the ability to not increase, or reduce, the initial delay.

When examining and determining the capacity options in general and with respect to
the railway infrastructure, it is necessary to consider the operating conditions. Even if the
operation will mostly take place under stochastic conditions, it cannot be ruled out that the
operating conditions will be deterministic on a certain track section [22,23]. The calculated
throughput performance of individual technical devices is the basis for the assessment
of a series of connected devices (cascade of service systems). The resulting throughput
performance of a continuous sequence of several technical devices, e.g., entrance tracks as
service lines in the establishment station, several stations and their connecting interstation
or track sections, we may refer to it as the operational performance [24,25].

To assess investment measures in the railway infrastructure, the capacity of the railway
infrastructure is evaluated using different methodologies, but most often using simulation
procedures. The outcome of the simulation provides recommendations for future modi-
fications of the infrastructure layout. For example, the International Union of Railways
(abbreviated UIC) published its recommended methodology [26], which is based on the
graphic principle and prefers simulation procedures for the determination the degree of
capacity utilisation.

The technical and mathematical bases for the calculation of the permeable performance
of railway transport are proposed in [27], which were used in the creation of a simulation
program for the optimal organisation of railway operational work after the disruption of
their operation. The relation between basic operational indicators has been researched by
using the developed stochastic mesoscopic simulation model [28]. A railway infrastructure
capacity assessment via computer simulation method was performed in paper [29] where
the paper discussed the tools and possibilities for line segments selection to obtain proper
spatial segments for improving the capacity using more advanced systems.

Railway control systems in operation were addressed in [30,31]. The dependencies of
railway infrastructure capacity were described in [17], with testing being conducted via
a computer-based simulation model, which provided results for further research on the
issue. Two hypotheses oriented towards researching the linear dependence of capacity on
the number of train paths as well as the need for the capacity estimation of a whole track or
for only one block section were tested. An efficiency of increasing the track speed using
the OpenTrack simulation tool was presented in [32,33]; there was an emphasis on the
operation capacity of rail freight corridors because of the mixed traffic, i.e., passengers and
freight. The authors described the configuration of railway infrastructure elements that may
have a potential impact on the capacity. Subsequently, indicators were proposed that could
be used to detect possible changes in capacity due to train operation. In the last phase, the
authors implemented several simulation scenarios in the OpenTrack software. Another set
of OpenTrack simulations was also described in [34,35] as well as in similar research studies
on railway simulations and modelling transport routes in rail transport [36,37]. Industry
4.0 has an impact on the modernisation of railway infrastructure. Industry 4.0 technologies



Sustainability 2022, 14, 14430

50f 28

have been widely used in the railway industry, which have been mainly focused on
the maintenance and control tasks that are necessary in railway infrastructure [38]. The
compilation of the periodic train timetable in rail passenger transport is a new evolving
trend that increases the efficiency of rail transport. For focused research on the operational
reliability of a railway line operated by a periodic timetable, refer to [39]. The authors of [40]
offered one way to contribute to this area, and thus raised and improved this method of
organising rail transport. The authors proposed a methodology that evaluates the level of
stability of periodic train traffic diagrams based on operational and infrastructural factors.
The methodology identifies operational-infrastructural factors that affect the stability and
reliability of periodic train traffic diagrams.

The aim of [41] was the optimisation of distance between stops. The authors of [42,43]
aimed to discover what track speed is effective in terms of shortening the travel time,
traction energy consumption, and other operational indicators.

Assessing the impact of railway modernisation on the socio-economic regional devel-
opment is described in [44].

3. Materials and Methods

The main purpose of optimising the scope of the railway infrastructure capacity is
to adapt the technical parameters of the railway infrastructure to the expected traffic
flow and to clearly define and establish its capacity [45]. The goal of capacity analysis is
to determine the maximum number of trains that would be able to operate on a given
railway infrastructure, during a specific time interval and given the operational conditions.
Numerous approaches and tools have been developed to address this problem, and they
have been based on traffic patterns [46], single-track analytical models [47], or algebraic
approaches [48].

The different techniques and methodologies for calculating the capacity can be divided
into three main categories according to the used methodology, compiled data, and level of
detail. They are, according to [49]:

e  Synthetic: these methods use deterministic expressions, i.e., the variables contained
in these cannot change their state and assume fixed values during the reference time.
From the mathematical point of view, they are equations where the unknown quantities
are mutually independent, and they are also called static;

e  Analytical: these methods use probabilistic expressions; from the mathematical point
of view, they are equations where the unknown quantities are mutually dependent,
and they are also called dynamic;

e  Analogical: these methods can be further divided into asynchronous methods (which
covers methods that provide the optimisation of one or more variables) and syn-
chronous methods (traffic simulation); for example, the optimisation methods are
based on procedures that look for the minimisation of delays in mixed-speed traffic as
well as on simulation methods that represent the evolution of advanced research and
are often used to validate the results of other methods.

The use of the analytical method appears in-line for the scope of high-level analyses
that identify the most appropriate infrastructure layouts and signalling systems to adopt in
a long-term perspective, independently upon a specific timetable structure.

The capacity of a line is defined as the number of scheduled trains that can run on the
line in the reference time. Key elements that have a direct influence on the value of the
capacity are [50]:

Geometrical configuration of the track;

Line and station layout;

Features of signalling systems;

Movement rules and corresponding minimum distance between trains;
Operation and maintenance planning.
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In this research, we adapted the solution according to the Slovak infrastructure manage-
ment rules and the regulations to determine the permeability of railway lines (Regulation
“D24”: designation of the infrastructure manager), which use an analytical method [14]. We
present the basic principles of this methodology of determining the practical throughput
performance here; subsequently, we propose an improved view of evaluating the results of
the quality of duty operation performance.

To determine the throughput performance in the perspective timetable, it is necessary
to apply the following methodological procedure, which uses the principles of mathematical
statistics and probability [15]. All of the calculations are performed for the boundary
interstationary section that shows the lowest theoretical throughput. Trains are divided by
category, where N is the total number of trains, i is a designation for a train type (Ex: express
train; Reg: regional; Fr: freight running; Fc: freight commuter; Fex: freight express; Loc:
locomotive) and N; is the number of trains in individual categories (types); for example,
NEy is the number of trains of type Ex. The probability of a train of a given type is then
determined from the relationship [14]:

N;
Pi)y =3 1] )

where:

P is the probability of the ith category train running [-];
N; is the number of trains in the ith category [trains];
N is the number of all trains on the track section [trains].

To determine the characteristics of the perspective train traffic diagram, it is necessary
to know not only the probability of the train running, but also the probability of running a
given sequence of trains. The probability for running a specified train sequence is calculated
according to this equation [12]:

Py = 3 * ﬁ] =Nz L[] 2)

where:

PG, 1s the probability of running a sequence of trains of the ith and jth types [-];
N;  is the number of trains of the jth category [trains].

Probability is a relative quantity; therefore, instead of the probability of a sequence
of trains, it is more appropriate to work with the frequency of their occurrence, which is
determined according to the relationship [12]:

hy

j) = P(ijy * N [trains] (©)]

where:

hi; 1is the frequency of occurrences of trains of the i-th and j-th types [number of occur-
rences].

The basic approach is to determine the occupancy time for individual train sequences.
They are calculated based on knowledge of running times, operating intervals, or subse-
quent intermediate times (see Figure 2).
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Figure 2. Analysis of the occupancy time for train sequences: (a) in the interstationary section; (b) if

there is a passing point in the interstationary section, or signal box [15].

The train sequences themselves need to be analysed for four options of train sequences
(see Figure 2), while the occupancy time is usually related to one of the stations in the
boundary section (usually the “lower” station) [15]:

e  The sequence of the first train is even, and the second train is also even (occupancy
time is the headway time, i.e., the time period between the departure of the first train
from station B and the departure of the second, subsequent train from station B; in
variant (a), the first train must pass until station B, while in case (b), only until the first
train passes the passing point);

e  The sequence of the first train is odd, and the second train is even (occupancy time
is the sum of the running time of the odd and even trains and the station interval in
the “upper” station, i.e., the time period between the departure of the first train from
station B and the arrival of the second train in the opposite direction to station B; in
variant (b), the second train crosses at the passing point, and therefore we calculate
the travel times of the trains only after the switch and vice versa);

e  The sequence of the first train is even, and the second train is odd (the occupancy time
is the station interval in the “lower” station, to which we refer the calculation of the
occupancy time);

e  The sequence of the first even-numbered train, the second even-numbered train (occu-
pancy time is the headway time at the “lower” station, i.e., the time period between
the arrival of the first train to station B and the arrival of the second, subsequent train
to station B; in variant (a), the second train must pass from station A, while in case (b),
the second train must only pass from the passing point).

It is necessary to conduct an analysis of the occupancy times for all possible train
sequences according to the types of trains, considering whether a train is passing through a
given station. If the interstation section is divided into more block sections, in the cases of
one-by-one train sequences, the headways must be calculated and must emphasise whether
the first train is slower or faster. The beneficial effect of increasing the practical throughput
of the interstation section by building a crossing point is shown in Figure 2b, which shows
the analysis of the occupancy times of the interstation section after the construction of a
new crossing point. The figure illustrates the shortening of the occupation times.

The total occupation time of the interstationary section of all trains X £, (or T,) is
determined as the scalar product of the frequency table and table of the shortest occupation
times, respectively, by compiling a table of total occupancy times of individual train
sequences and the sum of their elements. The calculation table can be simplified by
rounding the table of the number of sequences to whole numbers (according to common
mathematical principles), but in such a way that the sum of the trains in the table remains
the same.
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In addition, null values can be omitted. In the case of a procedure based on the use of
probability theory and mathematical statistics, the buffer time plays an important role.

Buffer time T}, is calculated as a difference between the time window T and the total
occupancy time T, and time of permanent operations T, according to the formula [15]:

Tyy = T — T, — Ts [minutes] 4)

The determination of the practical throughput performance considers the need for
the maintenance of the infrastructure, and the device is also used to carry out other op-
erations than its primary use. The calculation includes necessary buffer time (to remove
eventual disorders or irregularities in the transport operation). The practical throughput
performance is determined according to the formula [14]:

T (Ty+Ts)

trai 5
. [trains] (5)

where:

n  is the practical throughput performance (capacity) [trains];

T  is the time window [minutes];

T, isthe total time in which the operating device within the computing time is barred
from operation due to prescribed inspections, repairs, and maintenance [minutes];

Ts; is the total time of permanent manipulations, i.e., the time in which the operating
device is occupied by other actions than those mentioned above [minutes];

t,  is the technological time of occupation for one train (calculated as an average train)
[minutes];

tyy  is the real average buffer time per train [minutes];

ty  is the needed buffer time per one train according to ZSR methodology [minutes].

This applies for the evaluation of the throughput performance of the constructed train
traffic diagram. For the assessment of the perspective train traffic diagram, the value of
needed buffer time #j; is used instead of real average buffer time t;, in Equation (5). The
condition for the feasibility of the train traffic diagram is: t;, > t;;. The qualitative factor is
the infrastructure occupation rate S, and the throughput utilisation coefficient K, [15].

The determination of all required qualitative and quantitative indicators of practical
throughput performance is shown in Table 1.

Table 1. Overview of all qualitative and quantitative indicators of the practical throughput perfor-
mance and the method of determination.

Average occupation by one train to = To/N [minutes]
Total buffer time Ty =T —-Ty —Ts — T, [minutes]
Buffer time per train tyy =Ty /N [minutes]
Required buffer time per train according to .
Regulation ZSR D24 bt [minutes]
R e L
Throughput performance utilisation Ky, =N/n [%]

Infrastructure occupation rate So=T,/T -

Source: authors, according to [12].

For the evaluation of the quality of traffic operation, the most important indicator
is the infrastructure occupation rate in addition to the practical throughput, throughput
performance utilisation, and waiting time. According to the ZSR methodology, the critical
value of occupation rate S, = 0.67 was set [14,51]. If the critical value is exceeded, an
insufficient capacity must be assumed, and the infrastructure is considered overloaded.
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However, this indicator does not account for the risk for the organisation of the traffic
flow in terms of quality. Based on our own research [15,17,19-21,51], comparative studies,
and the approach based on the knowledge of methodologies, we proposed to expand this
indicator by the value of the optimal level of quality of throughput performance. This
was determined with S, = 0.40 based on the research and knowing the realisation of the
planned timetable. We determined the degree of occupancy according to the previous
methodology as a critical (limit) value. From the point of view of the quality of operation,
it is necessary that the value of the relevant capacity indicator does not, in principle, exceed
the set optimal value. If the value of this indicator is higher than the optimal value, there is
a risk of insufficient quality. The graph in Figure 3 expresses the principal dependence of
the range of traffic (number of train routes) and the level of quality.

Qualitative
level of train
— traffic diagram
[

Insufficient
o
o

0.6

Risk

0.4

0.2

Optimal

0.0 ' " } } t t f t
0 10 20 30 40 50 60 70 80 Number of

train paths
[paths]

Optimal Critical
Capacity Capacity

Figure 3. Dependence of the quality of the transport model in train traffic diagram on the train paths

number.

As a rule, the capacity consumption is assessed in simulation procedures. When there
is a lower occupancy, it can be assumed that the track line is not being sufficiently used.
Table 2 explains the connections between the track occupancy rate, the relationship to the
optimal and critical value of capacity indicators, and the expected quality level.

Table 2. Connections between the capacity indicators and the quality level of transport operations.

Infrastructure
Usage by Trains Indicators Qualitative Level Delay Increase Occupation Rate
(Analytic Approach)
Capacity reserves lower than optimal values optimal negative up to 0.45
Optimal level of optimal values optimal without change up to 1.00
. . higher than optimal values
Without capacity and lower than critical values risk positive up to 1.50
reserves .
at the same time
. Congested exceed critical values insulfficient exponential over 1.50
infrastructure

4. Capacity Results

The case study focused on the Slovak part of the “Amber” freight corridor, specifically
on the busiest single-track line section Kysak-Presov. The motivation for this study was
to investigate the impact of infrastructure measures on the throughput performance of
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an important international freight corridor. There are bottlenecks on the line, and both
passenger and freight traffic are operated in this section. The interstationary section PreSov—
Drienovska Nova Ves is marked as A in this research. The Drienovska Nova Ves-Licartovce
track section is marked as B. This is a flat section between the PreSov railway station and the
Drienovska Nova Ves railway station, which spans 8.395 kilometres between the stations
(traffic offices) and 6.590 m between the entrance signals [52,53]. The current profile of the
track has relatively large radios of arcs; originally during construction, it was designed for
a line speed of 100 km/h [54].

Table 3 shows the quantitative and qualitative indicators of the practical throughput
performance of the assessed track section after an analysis of the constructed timetable.

Table 3. Qualitative and quantitative indicators of the practical throughput performance of Drien-
ovska Nova Ves-PreSov track line section.

Total time of occupation T, 1324 min
Average occupation time to 11.4 min

Practical throughput performance n 112 trains per day
Infrastructure occupation rate So 0.67

Capacity utilisation index Ky 72.4%

Number of train paths for free capacity Ny 27

Time for regular shutdowns and maintenance T, 52 min

Source: authors.

The determination of the current throughput performance was analysed in two inter-
stationary sections:

Presov-Drienovska Nova Ves.

Drienovska Nova Ves—Licartovce.

The throughput performance was determined using the principles of the probability
and mathematical statistics. The operating intervals were found from the train traffic
2021/2022 diagram of running trains, running times, and other input data [55]. The
Presov-Drienovskd Nova Ves section was set as boundary according to the analysis of
the running times of freight trains (see Table 4).

Table 4. Overview of the running times of the freight trains [min].

. Even Direction Odd Direction
Track Section v o o ¥ Xt
Presov-Licartovce Licartovce-Presov ]
PreSov—Automatic signal block Torysa 4.0 4.0 170
Automatic signal block Torysa—Drienovska Nova Ves 45 45 '
Drienovska Nova Ves-Licartovce 4.0 45 8.5

Source: authors, according to [55].

The automatic signal block Torysa divides this interstationary section into two block
sections. This enables the bundling of trains. This traffic organisation is shown in Figure 4
where we define a traffic period for a train sequence. This is key for the occupancy time
calculation. The results are shown in Table 5. For each sequence (combination) of train
type (in this case, freight running trains), the table shows the unrounded frequency of the
train sequence occurrence according to Equation (3); the rounded occurrence is given as
the number of sequences, the unit occupancy time according to the analysis for each train
sequence (see Figures 3 and 4), and the total occupancy time for the given train sequence
are rounded values. The result of the calculation is the total occupancy time of all trains.
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Station PreSov

Automatic signal block

Torysa

Station Drienovska
Novié Ves

Train period of sequence A= 38.5 minutes Train period of sequence B= 37.5 minutes

|
|

\

W/ NN/

Figure 4. Method of train period sequence and type train (in this case, freight running train) in the
boundary section PreSov-Drienovskd Nova Ves (Source: authors).

Table 5. Determination of the occupancy time of the PreSov—Drienovska Nova Ves track section in
the current state.

0Odd Direction Even Direction

_ Tohs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fe Fex Loc [min]
1 19 13 0 0 7 1 17 10 0 0 9
B p 12 1 22 2 1sm 2 02 0 00 0 0% 1 12 1 1% 2 117 1 022 0 00 0 070 1 00
50 50 70 140 75 150 110 00 60 00 55 55 05 05 05 10 05 05 05 00 05 00 05 05 :
Reg 10 22 2 3B 4 26 3 00 1 00 0 1 1 22 2 34 3 22 2 020 0 000 o0 121 1 700
- 40 80 60 240 65 195 100 100 50 00 45 45 05 10 05 15 05 10 05 00 05 00 05 05 :
£ 1 2 263 3 18 2 014 0 000 0 06 0 15 2 235 2 138 1 014 0 000 0 08 1
g P B 50 100 70 210 75 150 110 00 60 00 55 00 05 10 05 10 05 05 05 00 05 00 05 05 490
3 012 0 02 0 014 0 00l O 000 O 005 o0 012 0 018 1 011 0 00l 0 000 O 006 0
T F 1 4o 00 50 00 45 00 80 00 45 00 45 00 05 00 05 05 05 00 05 00 05 00 05 00 05
o 000 0 000 O 000 O 000 O 000 0 000 O 000 O 000 O 000 O 000 O 000 O 000 O
Fex 0 45 00 65 00 70 00 105 00 55 00 50 00 05 00 05 00 05 00 05 00 05 00 05 00 0.0
059 1 11 1 06 0 005 0 000 O 027 0 05 1 0% 1 05 1 005 0 000 0 032 0
Loc 5 45 45 65 65 70 00 105 00 55 00 50 00 05 05 05 05 05 05 05 00 05 00 05 00 125
b p 120 1 22 2 1% 2 02 0 000 0 0% 1 129 1 1% 2 117 1 02 0 00 0 070 1 .
165 165 195 390 200 400 235 00 185 00 180 180 60 60 45 90 45 45 40 00 50 00 55 55 :
Reg 7 19 2 34 3 23 2 018 0 00 0 0% 1 1% 2 37 3 18 2 08 1 000 0 19 1 2270
< 185 370 215 645 220 440 255 00 205 00 200 200 80 160 65 195 65 130 55 55 70 00 75 75 g
£ L g, W1 22 2 13 1 o011 0 o000 O 05 1 117 1 18 2 16 1 011l 0 000 0 06t 1 o
g 195 195 25 450 220 220 265 00 205 00 210 210 90 90 75 150 75 75 65 00 80 00 85 85 g
k 012 0 02 1 014 0 00l O 000 0O 005 o0 012 0 018 0 011 0 00l 0 000 0 006 0
§ Fo 1 205 00 25 235 280 00 275 00 215 00 220 00 100 00 85 00 8 00 75 00 90 00 95 00 235
& 000 0 000 O 000 O 000 O 000 0 000 O 000 O 000 O 000 O 000 O 000 O 000 O
Fex 0 475 00 205 00 210 00 245 00 185 00 190 00 70 00 55 00 55 00 50 00 60 00 65 00 0.0
loe 6 070 1 121 1 08 1 006 0 000 0 032 0 070 1 19 1 064 1 006 0 000 0 038 0 700
165 165 195 195 190 190 235 00 175 00 180 00 60 60 45 45 45 45 45 00 50 00 55 0.0 -
Tops [min] 117.0 257.0 1745 10.0 0.0 69.0 100 525 320 55 0.0 23.0 780.5

The result from Table 5 is the total occupancy time; subsequently, we determined all
required qualitative and quantitative indicators of the practical throughput performance
(see Table 6). Because ty < ty,, the train traffic diagram is feasible. The practical throughput
performance is 118 trains per day.

Table 6. Determination of all indicators of the practical throughput performance of the Presov—
Drienovska Nova Ves track section in the current state.

Average time occupied by one train t, =780.5/94 8.30 [min]
Total buffer time Ty = (1440 — 780.5 — 52 — 0) 607.5 [min]
Real buffer time per train tyy = 607.5/94 6.46 [min]

Required buffer time for one train

according to Regulation ZSR D24 Fot 341 [min]
Practical throughput performance n 118 trains per day
Throughput performance utilisation Ky =94/118 79.66 [%]
Infrastructure occupation rate S, =780.6/1440 0.542

The determination of the throughput performance of the current state of the Drien-
ovska Nova Ves-Licartovce track section:
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e  We proceeded in the same way as in the previous determination for the PreSov—
Drienovska Novéa Ves track section. The sum of the lower right corners for the individ-
ual quadrants provides the total occupancy times of the quadrants, which are listed in
Table 7.

Table 7. Determination of the occupancy time of the Drienovska Nova Ves-Li¢artovce track section
in the current state.

0Odd Direction Even Direction
_ Tobs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fc Fex Loc [min]
1 19 13 1 0 5 1 17 10 1 0 6
e g1 215 2 1w 1 0 0 0 0 07 1 125 2 19 2 113 1 0 0 0 0 102 1 55
X 6 6 85 17 8.1 8 10.5 0 7 0 6.1 6.1 1 2 1 2 1 1 1 0 1 0 15 15 -
Reg 19 215 2 3™ 4 2% 3 0 0 0 0 137 1 215 2 33 3 1% 2 0 0 0 0 17 2 ros
- 6 12 8 2 75 25 10 0 65 0 61 61 1 2 1 310 0 1 0 0 0 1 2 5
$ ) 147 2 255 3 174 2 0 0 0 0 0% 1 147 1 228 2 134 1 0 0 0 0 121 1 ,
g B 12 85 255 81 6 105 0 7 0 61 6 2 2 1 2 05 05 05 0 2 0 15 15 655
E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g F 1 0 7 0 65 0 9 0 61 0 61 0 1 0 1 0 1 0 1 0 1 0 1 0 0.0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fex 0 41 0 85 0 8 0 105 0 71 0 6 0 15 0 05 0 05 0 05 0 2 0o 15 0 0.0
T A T 0 0 0 0 o051 o0 07 1 12 1 072 1 0 0 0 0 065 1 255
61 61 85 85 8 8 105 0 71 0 6 0 05 05 1 1 1 1 1 0 05 0 05 05 -
B p 151 215 2 14 2 0 0 0 o 07 1 125 1 19 2 113 1 0 0 0 0 102 1 1000
101 101 115 23 125 25 135 0 115 0 95 95 7 7 55 11 75 75 55 0 75 0 71 71 :
Reg 7 132 3% 3 28 2 0 0 0 0 12 1 19 2 298 3 175 2 0 0 0 0 15 2 20
“ 105 21 121 3 145 29 141 0 135 0 0 10 9 18 71 211 95 19 65 01 95 0 91 181 :
£ o M1 1% 2 13 1 0 0 0 o o072 1 113 1 175 2 103 1 0 0 0 0 0% 1 00
g * 105 105 121 24 155 155 151 0 121 0 105 105 7 7 51 10 75 75 51 o 75 o0 71 71 :
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
§ F 1 135 o 151 01 16 0 171 0 151 0 12 0 13 0o 11 o 135 0 105 0 135 0 1381 0 00
& o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00
05 0 115 0 145 0 141 0 111 0 105 0 6 0o 51 0 65 0 45 0 65 0 61 0 :
w02 1 17 2 121 1 0 0 0 0 06 1 102 1 158 2 09 1 0 0 0 0 084 0
Loc 6 401 101 105 211 115 115 125 0 115 0 0 10 6 6 55 111 65 65 55 0 65 0 61 0 760
Tops [min] 87.5 187.0 135.5 0.0 0.0 580 45 61.0 130 0.0 0.0 375 6540

Subsequently from Table 7, we determined all required qualitative and quantitative
indicators of the practical throughput performance, which are shown in Table 8.

Table 8. Determination of all indicators of the practical throughput performance of the Drienovska
Nova Ves-Licartovce track section in the current state.

Average time occupied by one train t, = 654.0/97 6.74 [min]
Buffer time Ty, = (1440 — 654.0 — 52 — 0) 734 [min]
Real buffer time per train tyy =734/97 7.57 [min]
Reimd b e e i 259 i
Practical throughput performance n 114 trains per day
Throughput performance utilisation Ky =97/114 67.36%
Infrastructure occupation rate S, = 654.0/1440 0.673

Because fy; < tp,, the train traffic diagram is feasible, which we assumed because we had data from the current
train traffic diagram.

5. Capacity Measures

On the technological side of the elaboration of the given proposal, the applicability
of variants to the train traffic diagram was assessed with respect to the compliance with
the connections of the Presov railway station, shortening dwell times as well travel times
in this section, enabling feasibility of the periodic train traffic diagram (for the future
integrated transport system), and reducing the transmission of delays during the crossing
and turnover of trains.

5.1. Proposals of Presov—Drienovskd Novd Ves Track Section
5.1.1. Aj—Increasing the Track Speed up to 120/110 km/h While Maintaining the Original
Track Profile

In this proposal, the original track speed of 80 km/h would be increased by increasing
the current cant in arcs. Specifically, from the 8.896 to 14.955 line-kilometre mark at a speed
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of 120 km/h and from the 14.955 to 15.558 line-kilometre mark at a speed of 110 km/h.
During the implementation, it would be necessary to adjust the platforms at the Kendice
railway stop and Haniska pri PreSove railway stop to suit the new geometric position of the
track. It would also be necessary to modify the approach sections of seven level crossings
devices located in the interstation section. As the line speed increases, the stopping distance
changes from 700 m to 1000 m. This will result in the need to relocate the foresignal.

Table 9 provides information on the radius of the individual arcs, the current cant of
the rails, the required cant for the relevant speed according to the STN 73 6360-1 standard,
and the lack of cant at the proposed speed [56].

Table 9. Cant changes in arcs for proposal A;.

Arc Number 1. 2. 3. 4, 5.
Kilometre Position 8.912-9.222 9.868-10.217 12.083-12.381 13.227-14.338 14.955-15.558
rl = 1054
Current state 800 945 850 2 =1039 555
Arc radius rl =1080
[meters] r2 =1160
Proposal 800 940 910 3 = 1060 554
r4 =1010
p-cant Current state 86 20 20 20 51
[millimeters] — propogal 86 82 88 70 128
88
I-lack of cant 77
[millimeters] Proposal 127 9 99 91 130
99

Source: [57].

Cant p in millimetres is the actual cant between the rails. The lack of cant I at maximum
speed allows for values of up to 100 mm and a maximum of 130 mm with the consent of
the Railway Building Authority. It is also necessary to consider the excess cant E for slow
trains, where it is certain that they will travel at a significantly lower speed (for example, a
stop, running around an entrance signal, etc.).

Determination of cant deficiency [56]:

2
I= w — p [mm; km/h; m; mm] (6)
Determination of the excess cant [56]:
11.8 V2
E=p-— 118+ V7 [mm; km/h; m] (7)

For tracks with mixed operation, the recommended cant according to the STN 73
6360-1 standard should be designed in the curve for speeds up to 120 km/h inclusive
according to the formula [56]:

7.1 % V2
par = “——— [mm;km/h;m] ®

where:

V2 is the lowest speed of a group of regular slowest trains;
r is the arc radius;
p  isthe track elevation.
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In arc number 5 at the proposed speed of 110 km/h and cant p = 128 mm, there will be
a lack of cant of I = 130 mm. At a speed of 77 km/h, the cant excess is E = 1.7 mm, and at a
speed of 40 km/h, the cant excess is E = 94 mm.

By reducing the track speed to 100 km/h, it would be possible to reduce the p to
90 mm. This would mean that at a speed of 100 km/h, there will be a cant deficiency of
I =123 mm, and at a speed of 65 km/h, there will be a cant excess of E = 0.001 mm; at a
speed of 40 km/h, there will be a cant excess of E = 56 mm.

The determination of the throughput performance for proposal A; is performed
according to the occupancy time calculation for this proposal within the new set operating
intervals, as well as travel times. The calculation of T, is shown in Table 10.

Table 10. Determination of the occupancy time for proposal A;.

0dd Direction Even Direction
_ Tobs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fec Fex Loc [min]
1 19 13 1 0 5 1 17 10 1 0 6
1290 10 222 20 152 20 012 00 00 00 05 10 129 10 199 20 117 10 012 00 00 00 070 10
Ex 1 45 45 60 120 75 150 130 00 70 00 60 60 05 05 05 10 05 05 05 00 05 00 05 05 400
Reg 19 22 20 38 40 263 30 020 10 00 00 Ll 10 22 20 34 30 22 20 020 00 00 00 12 10 5
- 35 70 50 200 65 195 120 120 60 00 50 50 05 10 05 15 05 10 05 00 05 00 05 05 :
$ 152 20 263 30 18 20 014 00 00 00 06 00 15 20 235 20 138 10 014 00 00 00 08 10
g P 18 55 70 50 150 65 130 120 00 60 00 50 00 05 10 05 10 05 05 05 00 05 00 05 05 380
E 012 00 020 00 014 00 001 00 00 00 005 00 012 00 018 10 011 00 00l 00 00 00 006 00
T F 1 30 o0 40 00 40 00 85 00 45 00 45 00 05 0 05 05 05 00 05 00 05 00 05 00 05
o 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 30 00 45 00 60 00 115 00 55 00 45 00 05 00 05 00 05 00 05 00 05 00 05 00 00
Lo 5 0% 10 L1 10 06 0 085 00 00 00 02 00 0% 10 0% 10 05 10 005 00 00 00 032 00 00
30 30 45 45 60 00 115 00 55 00 45 00 05 05 05 05 05 05 05 00 05 00 05 00 i
120 10 222 20 15 20 012 00 00 00 05 10 129 10 199 20 117 10 012 00 00 00 070 10
Ex 1 120 120 145 200 160 320 215 00 155 00 145 145 45 45 40 80 35 35 35 00 35 00 45 45 1080
Reg 7 199 20 34 30 235 20 018 00 00 00 09 10 1% 20 37 30 181 20 018 10 00 00 19 10 o
s 130 260 155 465 170 340 225 00 165 00 155 155 55 110 50 150 45 90 40 40 45 00 55 55 :
£ L g M7 10 22 20 13 10 0l 00 00 00 08 10 117 10 181 20 16 10 011 00 00 00 06 10
8 145 145 170 340 175 175 240 00 170 00 170 170 70 70 65 130 60 60 45 00 60 00 70 7.0 :
S ., 02 00 020 10 01 00 001 00 00 00 005 00 012 00 018 00 01l 00 00l 00 00 00 006 00 o
5 180 00 205 205 210 00 275 00 205 00 205 00 105 00 100 00 95 00 75 00 95 00 105 00 -
& L o % 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
140 00 165 00 180 00 235 00 165 00 165 00 65 00 60 00 55 00 45 00 55 00 65 00 :
070 10 121 10 08 10 006 00 00 00 032 00 070 10 19 10 064 10 006 00 00 00 038 00
Loc. 6 155 125 150 150 155 155 220 00 150 00 150 00 50 50 45 45 40 40 35 00 40 00 50 00 03
Tops [min] 86.5 196.5 146.5 120 0.0 580 305 450 250 40 0.0 185 6225

From Table 10, we subsequently determine all required qualitative and quantitative
indicators of the practical throughput performance, which are shown in the Table 11.
Because fy; < fy,, the train traffic diagram is feasible.

Table 11. Determination of all indicators of the practical throughput performance for proposal A;.

Average time occupied by one train to =622.5/94 6.62 [min]
Buffer time Ty, = (1440 — 622.5 — 52 — 0) 765.5 [min]
Real buffer time per train tyr = 765.5/94 8.14 [min]
bt 255 i
Practical throughput performance n 146 trains per day
Throughput performance utilisation K, =94/146 64.38%
Infrastructure occupation rate S, = 622.5/1440 0.432

5.1.2. A,—Construction of a New Passing Point Instead of Automatic Signal Block Torysa

Replacing the automatic signal block Torysa with a new passing point is possible in
two places; it is possible either in Haniska pri PreSove railway station or just behind it, at
the level of automatic signal block Torysa in the direction of Kysak. In both variants, the
problem is the numerous crossing levels and the short distances between them.

If the passing point was in the stop area, there would be two frequented crossings.
There is enough space where it could be replaced by a road underpass or overpass; for
example, a level crossing with a 3Z-type safety device at the 13.595 line-kilometre mark
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which crosses the road II. The class can be replaced by a road underpass due to spatial
conditions. The proposed situation is shown in Figure 5.

o @ ~ a a o o
0 o o N
g = s o o 2 o
E o ° e 304
= £ E £ = E E
N N ~ N N ~ o
w a 3 3 %) 2 v
b i b & & b &
Drienovské N. Ves Lkm
13.800
L km9.105 Lo km 13.248
Kendice \ '-m / "m
[0 00 Sokm Haniska § km 15.695
10.052 13.183 p.P. km Pres
S km 12.400 13515 resov
island platform current
proposed platform
removed platform build

Figure 5. Location passing point in the Haniska pri Presove case for proposal A; (Source: authors).

Determination of the throughput performance for proposal A; is calculated on the
found of occupancy time for this proposal, which is shown in Tables 12 and 13. Because
tpt < tyy, the proposed train traffic diagram is feasible.

Table 12. Determination of occupancy time for proposal A;.

0Odd Direction Even Direction
_ Tohs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fc Fex Loc [min]
1 19 13 1 0 5 1 17 10 1 0 6
b g 110 22 20 1% 20 012 00 00 00 05 10 129 10 1% 20 17 10 012 00 00 00 070 10 ..
55 55 75 150 80 160 115 00 65 00 60 60 20 20 10 20 10 10 20 00 20 00 20 20 -
Reg 19 22 20 381 40 268 30 020 10 00 00 11 10 22 20 34 30 22 20 020 00 00 00 12 10 .
- 45 90 65 260 70 210 105 105 55 00 50 50 05 10 10 30 10 20 10 00 10 00 10 10 -
£ 152 20 263 30 18 20 014 00 00 00 060 00 15 20 235 20 138 10 014 00 00 00 08 10
g P B 55 110 75 25 80 160 115 00 65 00 60 00 15 30 05 10 20 20 20 00 20 00 20 20 975
E 012 00 02 00 014 00 00l 00 00 00 005 00 012 00 018 10 011 00 00l 00 00 00 006 00
T F 1 45 00 55 00 50 00 8 00 50 00 50 00 15 00 05 05 15 00 15 00 15 00 15 00 05
o] 00 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 50 o0 70 00 75 00 110 00 60 00 55 00 15 00 05 00 15 00 20 00 20 00 20 00 0.0
e 5 0 L0 L1 10 06 00 005 00 00 00 027 00 0% 10 0% 10 05 10 005 00 00 00 032 00 .
50 50 70 70 75 00 110 00 60 00 55 00 15 15 05 05 15 15 15 00 15 00 20 00 -
B g 1910 22 20 1% 20 012 00 00 00 05 10 129 10 1% 20 117 10 012 00 00 00 070 10 o
105 105 125 250 165 330 155 00 145 00 120 120 70 70 45 90 55 55 45 00 60 00 65 65 :
Reg 1y 19 20 344 30 235 20 018 00 00 00 0% 1o 1% 20 37 30 181 20 018 10 00 00 19 10 .
- 120 240 115 345 160 320 150 00 140 00 115 115 90 180 65 195 75 150 65 65 80 00 85 85 -
£ . o M7 10 22 20 13 1o 01l 00 00 00 08 10 L7 10 18 20 Le 10 01 00 00 00 06 10 o
E 155 155 160 320 165 165 170 00 145 00 135 135 100 100 75 150 85 85 75 00 90 00 95 95 -
i 012 00 02 10 014 00 00l 00 00 00 005 00 012 00 018 00 011 00 00l 00 00 00 006 00
§ Fo 1 455 00 160 160 180 00 160 00 160 00 145 00 110 00 85 00 95 00 85 00 100 00 105 00 16.0
& 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 940 00 145 00 155 00 145 00 130 00 125 00 80 00 55 00 65 00 55 00 70 00 75 00 0.0
e o 070 10 121 10 08 10 006 00 00 00 032 00 070 10 19 10 06 10 006 00 00 00 038 00 .
115 115 125 125 140 140 145 00 120 00 105 00 70 70 50 50 55 55 50 00 60 00 65 00 -
T [min] 920 1905 1485 105 0.0 480 195 555 410 65 0.0 295 6715

Table 13. Determination of all indicators of the practical throughput performance for proposal A,.

Average time occupied by one train to =671.5/94 7.14 [min]
Total buffer time Ty = (1440 — 671.5 — 52 — 0) 716.5 [min]
Real buffer time per train tyy =716.5/94 7.62 [min]
Requirfad buffer time. for one train by 3.18 [min]
according to Regulation ZSR D24

Practical throughput performance n 134 trains per day
Throughput performance utilisation Ky =94/134 70.15%

Infrastructure occupation rate S, = 671.5/1440 0.466
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5.1.3. Az—Partial Double-Tracking of the PreSov—Automatic Signal Block Torysa
Track Section

A partial double track building in this section would be possible from the Presov
railway station up to the automatic signal block Torysa. The level crossing at the line 13.223
line-kilometre mark across the I. class road would be replaced by a road underpass, such as
in proposal A;. The design is shown in Figure 6.

g 8 5
& g 2 i 2 o
2 1 o o 1 3 Y
= E £ 3 9 < g
N N ~ E £ T =
k4] vy ) f: f\“ = E
& N N ™ N o~ "
4 Q K Y
Drienovska N. Ves o o o a
15 km 15.695
L km 9.105 1Lo km 12.200 Lo km 13.248 m
Kendice =00 \\ HOO
km
10.052 So km OSCO)I:'!‘ 13183 Haniska OO0
12.000 p-P. km 35 km 15.695
13.515 .
3Lo km 12.200 Presov
island platform current
piupase plation removed
removed platform build

Figure 6. Partial double-track section for proposal A3.

This proposal includes the removal of the current block signal S, at the 13.183 line-
kilometre mark and the block signal L, at the 13.248 line-kilometre mark. Three new
block signals would be built, with S, at 12.000 km and 1L, and 3L, at 12.200 km along
the line, respectively. All three would depend on the activity of the crossing at the 12.007
line-kilometre mark, which crosses a purpose-built road. Due to the space conditions, the
current platform at Haniska pri PreSove railway station would be removed. New platforms
would be built on the opposite side of the current track and next to the new track, as
pictured in Figure 6.

A switch would be placed between the section lights. The type of switch used will
depend on the track speed to avoid excessive deceleration of the trains when running over
the switch. For a speed of 80 km/h, a switch of 1:14-760 would be suitable; for a speed of
120 km/h, a switch of 1:18.5-1200 (speed to a turn of 100 km/h) or 1:26.5-2500 would be
with a moveable point frog. The modification of the PreSov railway station for proposal A3
is shown in Figure 7.

16
14
current / 12
EpgoRe traffic island platform build / 10
handling underpass to the / 8
— ' platforms $
siding 6
@3 / 4
18 km 15.695 1 ‘\‘ 2 3rd island ) .
-------------------------1::--. pEarfnrm L) '
OO 13 1 R
_________ - T T
N 3 F
) [
l'm Sa S S 2nd island : ;
platform | |
35 km 15.695 73 7b 7 —
I—

Drienovska N. Ves

1st platform

transport office

PreSov railway station 13

Figure 7. Modification of the PreSov station tracks for proposal As.
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The development of switches would also be modified at PreSov railway station. A
new 1S entrance signal would be built, and the current S entrance signal would be renamed
3S. Manipulation track 1a would be rebuilt into a transport track and extended towards
Haniska pri PreSove railway station. This situation changes the occupancy time due to the
changed operational intervals at PreSov station, and at all crossing intervals, we consider
1.5 min.

The determination of occupancy time for this proposal is shown in Table 14, and the
calculation of practical throughput and its quantitative indicators is shown in Table 15. The
proposed traffic volume is feasible, as ty; < t,.

Table 14. Determination of occupancy time for proposal Aj.

0Odd Direction Even Direction
N=94 Tobs
= Ex Reg Fr Fc Fex Loc Ex Reg Fr Fc Fex Loc [min]
1 19 13 1 0 5 1 17 10 1 0 6
b o 1210 22 20 1% 20 012 00 00 00 0% 10 12 10 19 20 117 10 012 00 00 00 070 10 v
55 55 45 90 55 110 45 00 50 00 50 50 80 80 95 190 95 95 105 00 90 00 85 85 -
Reg 1o 22 20 38 40 263 30 020 10 00 00 L1 10 22 20 34 30 22 20 020 00 00 00 121 10 .
- 65 130 65 260 65 195 65 65 65 00 65 65 90 180 105 315 105 210 115 00 100 00 95 95 :
g 152 20 263 30 18 20 014 00 00 00 06 00 15 20 235 20 138 10 014 00 00 00 085 10
g P 13 §0 160 70 210 80 160 50 00 75 00 75 00 95 190 105 210 120 120 125 00 100 00 100 100 150
3 012 00 020 00 014 00 00l 00 00 00 005 00 012 00 018 10 011 00 00l 00 00 00 006 00
T F 1 115 00 105 00 115 00 8 00 110 00 110 00 105 00 115 115 120 00 135 00 110 00 110 0.0 1.5
o 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 65 00 55 00 65 00 50 00 60 00 60 00 90 00 100 00 105 00 120 00 95 00 95 00 00
loe 5 0% 10 11 10 06 00 005 00 00 00 027 00 05 1o 0% 10 05 10 005 00 00 00 032 00 o
60 60 50 50 60 00 50 00 55 00 55 00 8 85 100 100 100 100 110 00 95 00 90 0.0 -
b o 12 10 22 20 1% 20 012 00 00 00 0% 10 12 10 19 20 117 1o 02 00 00 00 070 1o o
15 15 15 30 15 30 15 00 15 00 15 15 60 60 80 160 90 90 100 00 70 00 60 60 g
Reg 1y 1 20 34 30 235 20 018 00 00 00 09 10 1% 20 37 30 181 20 018 1 00 00 19 10 25
E 15 30 05 15 05 10 05 00 05 00 05 05 45 90 65 195 75 150 85 85 55 00 45 45 :
£ L, 4 L7 10 22 20 13 1o ol 00 00 00 0% 10 17 10 188 20 L6 10 011 00 00 00 06 10 550
8 15 15 05 10 15 15 15 00 15 00 15 15 45 45 65 130 75 75 85 00 55 00 45 45 35
ke 012 00 020 10 014 00 00l 00 00 00 005 00 012 00 018 00 011 00 00l 00 00 00 006 00
s F 1 45 00 05 05 15 00 05 00 15 00 15 00 40 00 55 00 65 00 75 00 50 00 45 00 05
& L o 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
15 00 05 00 15 00 15 00 15 00 15 00 50 00 70 00 80 00 90 00 60 00 50 0.0 :
e o 07 1o 121 1o 08 1o 006 00 00 00 03 00 00 10 19 10 06 10 006 00 00 00 03 00 .o
15 15 05 05 15 15 15 00 15 00 15 00 55 55 55 55 85 85 95 00 65 00 55 0.0 -
Typs [min] 180 675 53.5 65 0.0 15.0 785 147.0 925 85 0.0 3.0 560.0

Table 15. Determination of all indicators of the practical throughput performance for proposal A;.

Average time occupied by one train to = 560.0/94 5.96 [min]
Buffer time Ty, = (1440 — 560.0 — 52 — 0) 828 [min]
Real buffer time per train tyr = 828/94 8.81 [min]
Reqind b el et 262 i
Practical throughput performance n 161 trains per day
Throughput performance utilisation K, =94/161 58.39%

Infrastructure occupation rate S, =560.0/1440 0.389

5.1.4. Ay;—Partial Double-Tracking of the Automatic Signal Block Torysa—Drienovska
Nova Ves Track Section

A partial double-tracking of the section would be situated between the current location
of automatic signal block Torysa at 13.212 km down the line and at Drienovska Nova Ves
railway station. The section would be 4.384 km long. As in proposal A, and Az, crossing
the 1st class road at the 13.223 line-kilometre mark would be replaced by a road underpass.

The current block signal L, of Drienovska Nova Ves railway station would remain,
and S, would be dismantled and placed to the right of the new track on the right as 35,.
New 15, and 35, section lights would be built instead of the current S, sign at 13.183 km.
In the opposite direction, the L, signal would remain. New platforms would be built at
Kendice railway station instead of the current one. As in variant A3, a switch would be
placed between the compartment lights. The type of switch used will depend on the track
speed. The partial double-track of the section is shown in Figure 8.
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Figure 8. Partial double-track section for proposal Ay.

At the Drienovska Nova Ves railway station, the development of switches would be
modified. The proposed station layout is shown in Figure 9.
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Figure 9. Modification of the Drienovska Nova Ves railway station for proposal A4.

Determination of throughput performance for proposal A4 is conducted according to
the occupancy time calculation for this proposal shown in Table 16.

Table 16. Determination of occupancy time for proposal Ay.

0Odd Direction Even Direction
T,
N=9 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fe Fex Loc [nlz}a“s]
1 19 13 1 0 5 1 17 10 1 0 6
b g 1210 22 20 1% 20 012 00 00 00 0% 10 129 10 1% 20 17 10 012 00 00 00 070 10 .
55 55 75 150 80 160 115 00 65 00 60 60 05 05 05 10 05 05 05 00 05 00 05 05 -
Reg 19 22 20 384 40 263 30 020 10 00 00 11 10 22 20 34 30 22 20 00 00 00 00 12 10 .
- 45 90 65 260 70 210 105 105 55 00 50 50 05 10 05 15 05 10 05 00 05 00 05 05 -
£ 152 20 263 30 18 20 014 00 00 00 06 00 15 20 235 20 138 10 014 00 00 00 085 10
g P 1 55 150 75 25 80 160 115 00 65 00 60 00 05 10 05 10 05 05 05 00 05 00 05 05 525
5 012 00 02 00 014 00 00l 00 00 00 005 00 012 00 018 10 011 00 00l 00 00 00 006 00
T F 1 45 00 55 00 50 00 8 00 50 00 50 00 05 00 05 05 05 00 05 00 05 00 05 00 05
o] 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 50 00 70 00 75 00 110 00 60 00 55 00 05 00 05 00 05 00 05 00 05 00 05 00 00
05 10 11 10 06 00 005 00 00 00 027 00 05 10 09 10 05 10 005 00 00 00 032 00
Loe 5 50 50 70 70 75 00 110 00 60 00 55 00 05 05 05 05 05 05 05 00 05 00 05 00 3
120 10 22 20 15 20 012 00 00 00 05 10 129 10 19 20 117 10 012 00 00 00 070 10
Be 11 g0 80 90 180 105 210 110 00 85 00 85 85 60 60 45 90 45 45 40 00 50 00 55 55 805
Reg 1p 19 20 34 30 23 20 018 00 00 00 08 10 1% 20 37 30 181 20 08 10 00 00 19 10 o
< 95 190 105 315 110 220 125 00 100 00 100 100 80 160 65 195 65 130 55 55 70 00 75 75 :
£ L, o L7 10 22 20 13 10 01 00 0 00 0% 10 17 10 181 20 16 10 011 00 00 00 06 10 .
g 95 95 105 210 120 120 125 00 100 00 100 100 90 90 75 150 75 75 65 00 80 00 85 85 :
3 012 00 02 10 014 00 00l 00 00 00 005 00 012 00 018 00 011 00 00l 00 00 00 006 00
s F 1 95 00 m5 15 15 00 135 00 110 00 110 00 10 00 85 00 & 00 75 00 90 00 95 00 1.5
& 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 99 00 100 00 105 00 120 00 95 00 95 00 70 00 55 00 55 00 50 00 60 00 65 00 00
Loe ¢ O 10 121 10 08 10 006 00 00 00 0¥ 00 070 10 19 10 06 10 006 00 00 00 038 00 .o
85 85 95 95 100 100 115 00 90 00 90 00 60 60 45 45 45 45 45 00 50 00 55 00 -
Tps [min] 755 162.0 1180 105 0.0 395 1400 525 320 55 0.0 230 5585

The qualitative and quantitative indicators of practical throughput performance are
shown in the Table 17. The proposed traffic volume is feasible, as t;, < t,.
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Table 17. Determination of all indicators of the practical throughput performance for proposal Ay.

Average time occupied by one train to = 558.5/94 5.94 [min]
Total buffer time Ty = (1440 — 558.5 — 52 — 0) 829.5 [min]
Real buffer time per train Ty =829.5/94 8.82 [min]
it imeoroe i, 262imin
Practical throughput performance n 162 trains per day
Throughput performance utilisation K, =94/162 58.02%
Infrastructure occupation rate S, = 558.5/1440 0.388

5.1.5. As—Complete Doubling of PreSov-Drienovska Nova Ves Track Section

The complete double-tracking of the line section is a combination of the A3 and Ay
proposals. The PreSov railway station would be modified in the same way as in proposal
Ajs (Figure 5). Drienovskd Nova Ves railway station would be modified in the same way as
in proposal A4 (Figure 7).

With a complete double-track line, the Kendice and Haniska pri PreSove railway
stations would be rebuilt, and a road underpass would be built instead of the level crossing
device at the 13.223 line-kilometre mark. The proposal layout is shown in Figure 10.

g g 5 ] 5 g <
< =1 < o i ® ~
o 2 S 2 S 3 5
N § ~ o N ~ =
w) v vy (%] v
™~ N ~ ~N ~N ~ N
Drienovska N. Ves e & o a a & B
1L km 9.105 1Lo km 13.183 iLo km 13.248 1S km 15.695
00+ Kendice So km 13.183 00+ OO
km 00 Pk
3L km 9.105 10.052 e 35 km 15.695
3Lo km 13.183 | | Presov
island platform current 3Lo km 13.248
B platiorm removed
removed platform build

Figure 10. Complete double-track section for proposal As.

The determination of occupancy time for this proposal is in Table 18. It is necessary
to set the occupancy times for sequences of trains to only appear in a row (even—even,
odd-odd). The calculation of line throughput is developed for each track line separately
(even direction, odd direction). The results are listed in the Table 19.

5.2. Proposal of Drienovskd Novd Ves—Licartovce Track Section

This track section “B” is the shortest section in a given part of the track line. The
current profile of the track is on the flat section, with sufficiently large radii of arcs. At
the beginning of the arc with a radius of only 405 m, there is a level crossing with a
first-class road. Another arc with a small radius of 378 m is located just in front of the
remote-controlled passing point Lic¢artovce.
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Table 18. Determination of occupancy time for proposal As.

N =94 0Odd Direction Even Direction
T,
Odd =49 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fc Fex Loc [,:)‘%’:]
Even = 45 1 19 13 1 0 5 1 17 10 1 0 6
247 30 427 40 292 30 02 00 00 00 112 10
Ex 11 55 165 75 300 80 240 115 00 65 00 60 60 765
Reg 19 M 40 7¥ 70 42 50 0% 10 00 00 00 20 o0
- 45 180 65 455 70 350 105 105 55 00 55 100 i
g 202 30 422 50 345 40 027 00 00 00 00 10
g P 1B 55 165 75 375 80 320 115 00 65 00 60 60 920
E 022 00 039 10 027 00 002 00 00 00 010 00
gz Fe 1 45 00 55 55 50 00 8 00 50 00 50 00 55
o 00 00 00 00 00 00 00 00 00 00 00 00
Fex 0 50 00 70 00 75 00 110 00 60 00 55 00 00
112 10 11 20 133 10 010 00 00 00 05 10
Loc 5 50 50 70 140 75 75 110 00 60 00 55 55 320
1 269 30 416 40 244 20 024 00 00 00 L7 20 o
60 180 45 180 45 90 40 00 50 00 55 110 :
Reg 1 416 40 16 60 378 40 03 10 00 00 12 20 .
= 80 320 65 390 65 20 55 55 70 00 75 150 :
2 244 30 378 40 12 20 02 00 00 00 133 10
g F 10 90 270 75 300 75 150 65 00 80 00 85 85 905
g 0 75 2 z 5 !
T 024 00 03 10 02 00 002 00 00 00 013 00
g 100 00 85 85 85 00 75 00 90 00 95 00 &
& 00 00 00 00 00 00 00 00 0O 00 00 00
Fex 0 70 00 55 00 55 00 50 00 60 00 65 00 00
147 10 12 20 133 20 013 00 00 00 080 10
Loc 6 60 60 45 90 45 90 45 00 50 00 55 55 2O
Ty [min] 56.0 1325 98.5 105 0.0 275 83.0 1045 50.0 55 0.0 100 3520  Odd

292.0 Even

Table 19. Determination of all indicators of the practical throughput performance for proposal As.

Indicators Even Direction 0Odd Direction

Average time occupied by £,eVeR = 292.0/45 6.49 [min] t,0dd = 352.0/49 6.63 [min]

one train

Total buffer time Ty, e¥en = (1440 — 292.0 — 52 — 0) 1096 [min] Ty, = (1440 — 352.0 — 52 — 0) 1063 [min]

Real buffer time per train tpreven = 1096/45 24.36 [min] t,°99 = 1063/49 21.69 [min]

Required buffer time for one

train according to Regulation tpr 2.80 [min] tyr 2.85 [min]

7SR D24

Practical throughput neven 149 trains per day ~ n°4d 146 trains per day

performance

Throughput performance Kyever = 45/149 30.2% K,0dd = 49/146 33.6%

utilisation P

Infrastructure occupation rate SoeVen =292.0/1440 0.3012 5,044 = 352.0/1440 0.335
5.2.1. Bj—Increase in Track Speed up to 90/100 km/h in the Old Track Profile

In this proposal, there would be a slight increase in the original track speed of 80 km/h
by adjusting the cant in arcs and at three points by changing their radius. Specifically, from
4.914 km to 5.376 km, the original track speed would remain 80 km/h; from 5.376 km to
6.478 km and from 6.842 km to 8.007 km, there would be an increase to 100 km/h. Between
6.478 km and 6.842 km, the speed would increase to 90 km/h.

Table 20, which displays the individual arcs, shows their radii, current cant of the rails,
required cant for the respective speed according to the STN 73 6360-1 standard, and lack of
cant at the proposed speed.

Table 20. Cant changes in arcs for proposal B;.
Arc Number 1. 2. 3. 4. 5. 6. 7. 8.
Kilometre Position 4914-5377  5468-5931  6.110-6221  6478-6591  6591-6.843  7.093-7.512  7.729-7.835  7.889-7.996
Arc radius Current state 378 950 1600 2600 405 965 2500 2500
[meters] Proposal 378 950 1600 3362 405 965 3600 3600
p-cant Current state 136 54 30 0 128 53 0 0

[millimetres] Proposal 101 45 45 0 114 44 0 0
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Table 20. Cont.
Arc Number 1. 2. 3. 4. 5. 6. 7. 8.
I-lack of cant
o Proposal 99 79 29 28 122 78 33 33
[millimetres]
Source: [57].
The determination of the throughput performance for proposal B; is calculated on the
grounds of occupancy time (see Table 21).
Table 21. Determination of occupancy time for proposal By.
Odd Direction Even Direction
_ Tobs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fc Fex Loc [min]
11 19 13 0 0 7 11 17 10 7 0 9
E 1 1.25 1.0 2.15 2.0 147 1.0 0.0 0.0 0.0 0.0 0.79 1.0 1.25 2.0 1.93 2.0 113 1.0 0.0 0.0 0.0 0.0 12 1.0 405
X 5.0 5.0 8.0 160 8.0 8.0 115 0.0 7.0 0.0 5.0 5.0 1.0 2.0 1.0 2.0 1.0 1.0 1.0 0.0 1.0 0.0 15 15 -2
Re: 19 2.15 2.0 3.72 4.0 2.55 3.0 0.0 0.0 0.0 0.0 137 1.0 215 2.0 3.33 3.0 1.96 2.0 0.0 0.0 0.0 0.0 176 2.0 745
= 8 5.0 100 75 300 75 225 11.0 0.0 6.5 0.0 5.0 5.0 1.0 2.0 1.0 3.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 20 -
2 o 13 147 2.0 255 3.0 174 2.0 0.0 0.0 00. 0.0 0.94 1.0 147 10 2.28 2.0 134 1.0 0.0 0.0 0.0 0.0 121 10 58.0
é T 5.0 10.0 7.5 225 7.5 15.0 11.0 0.0 6.5 0.0 5.0 5.0 15 15 10 2.0 0.5 05 05 0.0 2.0 0.0 15 15 -
5 F 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
3 < 5.0 0.0 55 0.0 55 0.0 9.0 0.0 55 0.0 5.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 :
] Fe 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
ex 5.0 0.0 7.5 0.0 7.5 0.0 11.0 0.0 6.5 0.0 5.0 0.0 15 0.0 0.5 0.0 05 0.0 0.5 0.0 2.0 0.0 15 0.0 :
L 5 0.79 1.0 11 1.0 0.94 1.0 0.0 0.0 0.0 0.0 0.51 0.0 0.79 1.0 123 1.0 0.72 1.0 0.0 0.0 0.0 0.0 0.65 1.0 235
o¢ 5.0 5.0 8.0 8.0 8.0 8.0 11.0 0.0 7.0 0.0 5.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 0.0 0.5 0.0 0.5 0.5 -
E 1 1.25 1.0 2.15 2.0 147 2.0 0.0 0.0 0.0 0.0 0.79 1.0 1.25 1.0 1.93 2.0 113 1.0 0.0 0.0 0.0 0.0 12 1.0 895
x 9.0 9.0 10.5 210 115 23.0 13.0 0.0 10.5 0.0 8.0 8.0 6.5 6.5 45 9.0 6.5 6.5 45 0.0 6.5 0.0 6.5 6.5 .
Re: 17 1.93 2.0 3.33 3.0 228 2.0 0.0 0.0 0.0 0.0 123 1.0 1.93 2.0 2.98 3.0 175 20 0.0 0.0 0.0 0.0 1.58 2.0 1585
< 8 9.5 190 11.0 330 135 27.0 13.5 0.0 12.5 0.0 9.0 9.0 8.5 17.0 6.5 19.5 8.5 17.0 55 0.0 8.5 0.0 8.5 17.0 :
'g B 10 113 1.0 11 20 134 10 0.0 0.0 0.0 0.0 0.72 1.0 113 10 175 2.0 13 1.0 0.0 0.0 0.0 0.0 0.93 10 86
£ T 9.5 9.5 11.0 220 145 145 145 0.0 11.0 0.0 9.5 9.5 7.0 7.0 5.0 100 70 7.0 4.5 0.0 7.0 0.0 7.0 7.0 o
° F 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
§ < 13.0 0.0 145 0.0 155 0.0 17.0 0.0 145 0.0 125 0.0 14.0 0.0 120 0.0 14.0 0.0 105 0.0 14.0 0.0 140 0.0 :
@ Fe 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
ex 9.0 0.0 105 0.0 135 0.0 135 0.0 10.0 0.0 9.0 0.0 6.0 0.0 45 0.0 6.0 0.0 4.0 0.0 6.0 0.0 6.0 0.0 :
L 6 12 1.0 176 2.0 121 1.0 0.0 0.0 0.0 0.0 0.65 1.0 12 1.0 1.58 20 0.93 1.0 0.0 0.0 0.0 0.0 0.84 0.0 670
o¢ 9.0 9.0 9.5 190 105 105 120 0.0 10.5 0.0 85 8.5 55 55 45 9.0 55 55 45 0.0 55 0.0 55 0.0 .
Topg [min] 76.5 171.5 128.5 0.0 0.0 50.0 415 55.5 385 0.0 0.0 36.0 598.0

Subsequently from Table 21, we determined all required qualitative and quantitative
indicators of the practical throughput performance, which are shown in Table 22. The
proposed traffic volume is feasible, as t;, < ty,.

Table 22. Determination of all indicators of the practical throughput performance for proposal B;.

Average time occupied by one train to =598.0/94 6.16 [min]
Total buffer time Ty = (1440 — 598.0 — 52 — 0) 790 [min]
Real buffer time per train Ty =790/94 8.14 [min]
Reqind b e forreran 265 i
Practical throughput performance n 156 trains per day
Throughput performance utilisation Ky =94/156 51.9%
Infrastructure occupation rate S, =598.0/1440 0.517

5.2.2. B)—Complete Double-Tracking of the Drienovska Nova Ves-Licartovce
Track Section

The completion of a double racking section creates a need for the Drienovska Nova
Ves station to be rebuilt. The new layout of the station is shown in Figure 11.
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Figure 11. Modification of the Drienovska Nova Ves railway station for proposal B, (Source: authors).

The development of switches is adjusted at the passing point Li¢artovce, and the
handling track 3a is rebuilt into a transport one. The situation with other changes is shown
in Figure 12.

o o
8 % B 3
< @ @ @
£ p £ - ~
= £ = _E £
~N == N =
o~ ] o0 2 [l
wy wr w) %]
N N N N N
& Licartovce - & & = &
transport office Rem_otely cfontrol\ed Drienovs
passing point S K4 N. Ves
m>- km 7.215
(0 0 | FOO 15y 7705
(200 /_3 a N\ FOO  sim7.795
S km 3.833 Qo+ FOO 3skm7.79s
3Lkm5.116 Drienovska N. Ves
i Siding
i Lemesany hodpliond tracks: traffic current
proposed platform handling removed
level bridges | S siding_______. —build _____
Figure 12. Modification of the remotely controlled passing point Li¢artovce and adjacent track section
in the direction of Drienovska Nova Ves for proposal By.

The determination of the occupancy time for this proposal is in Table 23. As with
proposal Az and Ay, it is necessary to determine the entrance interval at the remotely
controlled passing point Li¢artovce, where it was calculated for 2 min.

Table 23. Determination of occupancy for proposal By.
0Odd Direction Even Direction
= Tobs
N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fe Fex Loc [min]
11 19 13 0 0 7 11 17 10 0 0 9
1.25 1.0 215 2.0 147 1.0 0.0 0.0 0.0 0.0 0.79 1.0 1.25 2.0 1.93 2.0 1.13 1.0 0.0 0.0 0.0 0.0 1.2 1.0 06.0
Ex 11 65 65 80 160 90 90 100 00 80 00 60 60 115 230 115 230 120 120 150 00 110 00 105 105  10¢
Reg 19 2.15 2.0 372 4.0 2.55 3.0 0.0 0.0 0.0 0.0 1.1 1.0 215 20 3.33 3.0 1.1 2.0 0.0 0.0 0.0 0.0 1.76 2.0 1885
= 6.5 13.0 7.0 28.0 9.0 27.0 10.0 0.0 8.0 0.0 6.0 6.0 13.0 26.0 125 37.5 13.5 27.0 16.5 0.0 12.5 0.0 12.0 24.0 -
-j—i o 13 1.47 2.0 255 3.0 1.74 20 0.0 0.0 0.0 0.0 0.94 1.0 147 1.0 228 2.0 1.34 1.0 0.0 0.0 0.0 0.0 1.21 1.0 123.0
é T 6.5 13.0 7.0 21.0 9.0 18.0 10.0 0.0 8.0 0.0 6.0 6.0 12.5 125 12.5 25.0 145 145 17.5 0.0 13.5 0.0 13.0 13.0 :
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% Fe 1 6.5 0.0 7.0 0.0 9.0 0.0 10.0 0.0 8.0 0.0 6.0 0.0 15.0 0.0 13.0 0.0 13.5 0.0 18.5 0.0 145 0.0 14.0 0.0 00
e} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0
Fex 0 6.5 0.0 7.0 0.0 9.0 0.0 10.0 0.0 8.0 0.0 6.0 0.0 13.0 0.0 13.0 0.0 13.5 0.0 16.5 0.0 125 0.0 12.0 0.0 00
L 5 0.79 1.0 1.1 1.0 0.94 1.0 0.0 0.0 0.0 0.0 0.51 0.0 0.79 1.0 1.23 1.0 0.72 1.0 0.0 0.0 0.0 0.0 0.65 1.0 75
oc 6.5 6.5 85 8.5 9.0 9.0 10.5 0.0 8.0 0.0 6.0 0.0 11.0 11.0 11.0 11.0 11.5 11.5 14.5 0.0 10.5 0.0 10.0 10.0 67.
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Table 23. Cont.

0Odd Direction Even Direction

N=94 Ex Reg Fr Fc Fex Loc Ex Reg Fr Fe Fex Loc F;:}’:?]
11 19 13 0 0 7 11 17 10 0 0 9
1.25 10 215 20 1.47 20 0.0 0.0 0.0 0.0 0.79 1.0 1.25 1.0 1.93 2.0 113 1.0 0.0 0.0 0.0 0.0 12 1.0 -
Ex 1l 95 05 05 10 05 10 05 00 05 00 05 05 70 70 75 150 75 75 90 00 65 00 60 60 85
193 2.0 333 3.0 2.28 2.0 0.0 0.0 0.0 0.0 123 1.0 193 2.0 298 3.0 175 2.0 0.0 0.0 0.0 0.0 11 2.0
¢ R 17 45 G0 o5 15 05 1o 05 00 05 00 05 05 75 150 70 210 75 150 95 00 75 00 75 150 700
P 113 1.0 11 2.0 134 1.0 0.0 0.0 0.0 0.0 0.72 1.0 113 1.0 175 2.0 13 1.0 0.0 0.0 0.0 0.0 0.93 1.0
g fr 10 95 o5 05 10 05 05 05 00 05 00 05 05 70 70 65 130 75 75 95 00 65 00 60 60 00
° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§ Fe 1 0.5 0.0 05 0.0 0.5 0.0 0.5 0.0 0.5 0.0 05 0.0 8.5 0.0 8.0 0.0 8.5 0.0 9.5 0.0 8.5 0.0 8.5 0.0 0.0
= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fex 0 o5 00 05 00 05 00 05 00 05 00 05 00 70 00 65 00 75 00 95 00 65 00 60 00 00
12 1.0 176 20 1.21 1.0 0.0 0.0 0.0 0.0 0.65 1.0 12 1.0 1.58 2.0 0.93 1.0 0.0 0.0 0.0 0.0 0.84 0.0
Loc 6 0.5 0.5 0.5 1.0 0.5 0.5 0.5 0.0 0.5 0.0 0.5 0.5 7.0 7.0 6.5 13.0 75 7.5 9.5 0.0 6.5 0.0 6.0 0.0 300
Topg [min] 415 78.0 66.0 0.0 0.0 20.0 108.5 158.5 102.5 0.0 0.0 84.5 659.5
Source: authors.

Subsequently from Table 23, we determined all required qualitative and quantitative
indicators of practical throughput performance, which are shown in the Table 24. The
proposed traffic volume is feasible, whereas t;, < ty,.

Table 24. Determination of all indicators of the practical throughput performance for proposal B,.
Average time occupied by one train t, = 659.5/94 6.80 [min]
Total buffer time Ty, = (1440 — 659.5 — 52 — 0) 728.5 [min]
Real buffer time per train tyy = 728.5/94 7.51 [min]
Required buffer time for one train .
according to Regulation ZSR D24 Fot 291 [min]
Practical throughput performance n 142 trains per day
Throughput performance utilisation Kp =94/142 57.0%
Infrastructure occupation rate So =659.5/1440 0.566

Source: authors.

5.2.3. Determination of the Throughput Performance for Combination of

Speed-Increasing Proposals

In Table 25, the individual qualitative and quantitative indicators of practical through-
put performance are determined from the respective determination occupancy time. For
comparison, the tables also show proposal A; and By. At the same time, the degree of
occupancy was evaluated as a qualitative level.

Table 25. Qualitative and quantitative indicators of the practical throughput performance of all

proposals.
Provosal T, to Ty, ty, tpt n K, So Qualitative Level of
P [min] [min] [min] [min] [min] [trains] [%] [-] Train Traffic Diagram
Aq 622.5 6.62 765.5 8.14 2.85 146 64.38% 0.4323 risk
A, 547.5 5.82 840.5 8.94 2.58 165 56.9% 0.3802 optimal
As 448.5 4.77 939.5 9.99 222 198 47.4% 0.3115 optimal
Ay 440.0 4.68 948.0 10.09 2.19 201 46.7% 0.3056 optimal
As even 233.5 5.19 1154.5 26.66 2.36 183 24.6% 0.2449 optimal
As odd 262.5 5.35 1125.5 2297 242 178 27.5% 0.2746 optimal
By 598.0 6.16 790.0 8.14 2.69 156 51.9% 0.5170 risk
B, 600.0 6.19 788.0 8.12 2.70 156 51.9% 0.5186 risk

6. Discussion

In the research, we analysed the capacity of the narrow gate of the freight corridor
track. The chosen analytical method is suitable for determining the prospective throughput
performance. The case study focused on the Slovak part of the “Amber” freight corridor,
specifically on the single-track section Kysak-Presov. We obtained eight variants.
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The main benefit of proposal A; and B, is the shortening of train running times.
The running time between PreSov railway station and Li¢artovce railway station will be
reduced from the current 16 min to 13 min in both directions in the express train type (Ex).
For passenger regional trains (Re), the reduction is from 22 min to 17 min. For freight
running trains (Fr) in the direction from PreSov to Li¢artovce, the reduction is from 20 min
to 17 min, and it is from 20.5 to 19 min in the opposite direction. This difference is due to
the height track slope of 15%o.. Shortening the travel times will significantly increase the
current throughput performance. In the PreSov—Drienovska Nova Ves track section, the
current 118 trains per day would increase to 146 trains per day. In the Drienovska Nova
Ves-Licartovce track section, the current 144 trains per day would increase to 156 trains
per day.

The construction of a new passing point instead of the automatic signal block Torysa
at Haniska pri PreSove would have a positive impact on the capacity of the track. The
significant disadvantage is the level crossing with the first and second class roads. For
the construction of the passing point to be possible at all, a minimum level crossing with
a first-class road must be built. From the point of view of transport organisation, it is
necessary to modify the station safety device in the PreSov railway station, from which
this passing point would be controlled. In addition, it would be necessary to have the
exchanges heated on all switches in the passing point because of the weather in the winter.
The advantage of building the passing point is the increase in the practical throughput from
134 trains per day to 165 trains per day. In addition, it would be much easier to transport
freight trains during the day in the peak hours. Furthermore, if built, the noise would
significantly increase due to the crossing of trains, especially freight transport.

The advantages of a partial double-track section at the PreSov railway station-automatic
signal block Torysa section is the increase in the practical capacity of up to 198 trains per day
and a significant reduction in the transmission of delays on passenger trains. Compared
with the passing point, the impact of noise at the crossing would be significantly lower, as in
most cases there would be a crossing on the track and not in the village. Another advantage
is that there is a railway stop on the double-track section, which reduces operating intervals
for passenger trains. Compared with proposal Ay, the investment costs associated with the
development of switches adjustment would be lower, as the track would be connected to
the original loading track la. The disadvantage is the need to build an extra-level crossing
with a first-class road at 13.223 km to remove the original platform of the Haniska pri
Presove railway stop and to build new platforms for both tracks. Another disadvantage is
that the Kendice railway stop is located on a single-track section.

A partial double-tracking of the automatic signal block Torysa—Drienovska Nova Ves
railway station section is similar to proposal A3. The practical throughput performance
would increase to 201 trains per day. Compared with proposal A, there would be less
noise in the village during a possible crossing at the end of the double-track section. The
advantage is the reduction of the transmission of delays between passenger trains, but
this is smaller than in the case of proposal A;. The disadvantage is that Haniska pri
Presove railway stop is on a single-track section and the level crossing must be removed
and replaced by the under-passing road. From the point of view of the capacity of the
track section, the complete double-tracking of the PreSov—Drienovska Nova Ves track
section is the best option. This proposal would increase the capacity of the line to up to
183 trains per day for the even direction and up to 178 trains per day for the odd direction.
Compared with the crossing point and partial doubling of the track sections, there would
be no increase in travel times nor an increase in the occupancy of approach sections due to
train crossings. The disadvantage is the higher area of land required, the need to rebuild
the railway stations, and the reconstruction of the head and modification of the station
safety system in the nearby stations. From the point of view of investment costs, this is the
most expensive solution.

It would also help to trace freight trains that have a crossing problem at the remote-
controlled Lic¢artovce crossing point, which is located on a large slope of 12-13%o; this
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together with the arc reducing the effect of traction makes it significantly difficult for heavy
and long freight trains to start. As in proposal As, the double-track section allows for the
maintaining of single-track operation in the case of closure. This is a significant benefit
compared with the current situation, as alternative bus transport must be introduced in
the Li¢artovce-Drienovska Nova Ves track section due to space conditions. Buses will not
enter the remote pass Licartovce. To further increase the track speed in the Drienovska
Nova Ves-Presov track section, it would be possible to adjust the crossing of passenger
trains in the PreSov-Lipany track section and to extend short turnovers in Lipany. In
terms of the practical throughput, despite the doubling of the Drienovska Nova-Licartovce
track section, the throughput in the Li¢artovce-Drienovska Nova Ves track section would
not increase. It would also be necessary to build a level crossing instead of a crossing at
6.773 km, which is crossed by a first-class road.

We used analytical procedures to determine the practical throughput performance in
the anticipated timetable. We received results for the specified range of traffic, to which we
applied the new proposed classification from the point of view of the quality of operation.
The correctness of setting the occupation rate limit S, = 0.40 for the optimal throughput
level was confirmed. The issue for discussion is the setting of the critical value. According
to the Railways of the Slovak Republic, whose methodology used S, = 0.67, this level can
be evaluated as appropriately set. It is possible to discuss the harmonisation of this level
with the UIC methodology which is mainly intended for simulation procedures, where the
limit level of capacity utilisation is set at 60%. If we set S, = 0.60, then we would evaluate
variant Al as unfeasible. Considering the several research scenarios carried out including
the one presented, and the knowledge of the authors, we recommend keeping the critical
value of the degree of occupancy S, = 0.67 for analytical procedures.

We have confirmed that:

e The use of the analytical approach is very useful for the identification of the most
appropriate infrastructure layouts and signalling systems to adopt in a long-term
perspective, independently upon a specific timetable structure;

e  The implementation of a simulation model is necessary for in-depth analyses aiming
at the optimisation of the use of the capacity and timetable structure itself.

7. Conclusions

Rail transport must be coordinated at all management levels and is determined by
technological processes. The main process is the planning of the transport volume and
infrastructure configuration. When examining and determining the capacity of the railway
line, it is necessary to consider the operating dimensions.

This paper introduces a method for determining the practical throughput performance
in the anticipated train traffic diagram using probability calculus and mathematical statis-
tics. The part of the “Amber” EU freight corridor which makes a bottleneck at the PreSov—
Licartovce track section on the Slovak part of the corridor on the Plave¢-Kysak-KoSice
line was divided into two parts for the purpose of determining the practical throughput
performance. The paper contains the determination of the capacity of the line section
regarding the current state and provides an overview of several proposals for increasing
the capacity of the PreSov-Licartovce track section. Each proposal contains a description of
the determination of the throughput performance of this line, and tables with individual
determinations and figures illustrate how the individual proposals would be implemented.

The travel time would be reduced to 33 min from PreSov to Kosice. After the planned
modernisation of the Kysak-KoSice line section, the travel time would be reduced to less
than half an hour. The advantage is that the delays are simultaneously transmitted at peak
times at the intersection of express trains, and the presence of regional trains would be
reduced at peak hours between PreSov railway station and Licartovce railway station. Due
to the increase in the track speed, it is necessary to modify several parts of the railway
infrastructure, namely:
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e Platforms at the Haniska pri PreSove, Kendice, and Drienovska Nova Ves stops and
stations;

e  Relocate the block signals in the PreSov-Drienovska Nova Ves track section to optimise
the length of the block sections;

e  Modify the approach sections of level crossings signalling between PreSov and the
Obisovce railway stop;

e By changing the cant in the arc, it would be necessary to adjust the level crossing at
6.773 km through the first-class road.

The modernisation of this track section with the application of individual proposals is
of international importance and has an impact on the capacity of the railway corridor.

Nevertheless, further developments of the research should include a larger testing
phase to systematically check the sensibility of the results to various timetable structures
and to different signalling systems, e.g., according to the various European Rail Traffic
Management System (ERTMS) levels. The optimisation and simulation methods must
be adapted to each application environment [49]. The three levels represent a general
methodology for capacity management, where the first level represents a preliminary
solution and the second level obtains a desired train schedule, which is validated by
simulation software (as the third level). Therefore, the current trend is to develop tools
with an integrated methodology that embed analytical, optimisation, and simulation
approaches [58].
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