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Abstract: Providing the railway infrastructure is a prerequisite for achieving the quality of public
passenger transport, not only from a national perspective but also within a regional level. Based on
transportation capacity knowledge, railway tracks capacity and headway can be determined.
Subsequently, it is possible to examine the railway sections capacity and select a measure in order

to increase this capacity.
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1. Introduction

For a long time, individual regions of the Slovak Republic have been trying to find effective ways
to harmonize and, especially, to make public passenger transport more attractive, and thus, attract
new customers. Providing the railway infrastructure represents a prerequisite to achieve a high-
quality public passenger transport, which could be considered as a cornerstone of the entire
transport system, not only in the national, but also in the regional conception.

Generally, transport is an important aspect of economic development and an integral part of
everyday life in modern society. Currently, all products are measured in monetary terms; therefore,
new saving solutions are permanently going to be developed. In the area of public passenger
transport, activities are lead to create integrated transport systems which result in money savings as
well as time and a synergy between each other occurs.

In order to provide rapid, high-quality and safe railway transport, it is also necessary to deploy
new railway vehicles in the required amount, in regions where these are efficiently used in terms of

traffic flow intensity.
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2. Mid-South Functional Region

The Mid-South functional region includes the Banska Bystrica self-governing region with
population over 650,000. In terms of occupied area, it is the largest self-governing region in the
Slovak Republic. The metropolis of the Banska Bystrica region is the city of Banska Bystrica. The
second largest city in this region is Zvolen, located 18 km south from the metropolis and, thus,
creates an important area in relation to the traffic flows. Basic demographic data on the Mid-South

functional region is summarized in Table 1 [1,2].

Table 1 Demography of the Mid-South functional region. Source: [1,2]

Banska Bystrica self- Banska Bystrica Zvolen
governing region
Population [inhabitants] 656,813 79,368 43,100
Area [km?] 9,454.44 103.38 98.73
Population density 69.47 767.73 436.54
[inhabitants/km?]
Number of cities 24
Number of municipalities 516 X X

2.1 Organization of Transport

The Mid-Southern region have not harmonized railway and bus transport as a whole, not even in the
most utilized Banska Bystrica - Zvolen direction, where the modes of transport compete with each
other. Due to the relative isolation of this region from other regions, it is possible to take advantage
of a lower number of relationships between customers and carriers to establish an integrated
transport system [3].

Railway regional transport is more utilized between Banska Bystrica - Zvolen and sections of
Horna Stubna, Ziar nad Hronom, Brezno and Lucenec. In the remaining area, regional bus
transport, which has a high transport performance 35 km/inhabitant per year, is dominating. As a
consequence of passengers decrease, the cost increases from 15 to 20 €/inhabitant per year over the

past 6 years [2,3].

2.2 Area Zvolen — Banska Bystrica

Between the stations of Banska Bystrica and Zvolen, electrified single-track line, connecting the
largest centers in the region, is the most frequented. Due to its throughput (operating efficiency),
timetable design, which would be fully in compliance with the transport needs of suburban and
long-distance transportation, is not allowed. This area is a prerequisite for a significant increase of

suburban transport due to increased need of population mobility [1-3].
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In the commute area, there are all tariff points along the railway line with great importance of the
Banska Bystrica and Zvolen stations. Currently, insufficient throughput can be eliminated by using
regional or long-distance trains for suburban transport needs. The strong competition of road
transport is another threat for region's suburban railway transport [2].

In order to improve the interconnection of these centers, as well as the traffic point of the Banska
Bystrica self-governing region with the city of Bratislava, it is necessary to build a second line or a
double-track line for smooth crossing. This would solve interval suburban railway transport, which

would serve as the basis of the future integrated transport system Banska Bystrica - Zvolen [1-3].

2.3 Transport Flow Between Zvolen and Banska Bystrica

In tables 2 and 3, the traffic flows between get in and get out points are summarized. The traffic
flow of passengers is divided into two time slots: afternoon and evening. The transport rush (peak)
and saddle periods are repeated in reverse order. Passenger flows are processed per day and

individually per each direction [2,3].

Table 2 Passengers traffic flows — direction into Banska Bystrica. Source: [2,3]

Track Track direction Railway track section Number of
number passengers
Zvolen — Sliac spa 1,086
Sliac spa — Velka Luka 1,141
Velka Luka — Hronsek 1,142
Zvolen —
170 Banska Bvstrica Hronsek — Vlkanova 1,184
y Vlkanova — Radvan 1,259
Radvan — Banska Bystrica town 1,133
Banska Bystrica town — Banska Bystrica 613

Table 3 Passengers traffic flows — direction into Zvolen. Source: [2,3]

Track Track direction Railway track section Number of

number passengers

Banska Bystrica — Banska Bystrica town 826

Banska Bystrica town — Radvan 1,462

B. Bvstrica Radvan — Vlkanova 1,561

170 it B Vlkanova — Hronsek 1,401
Zvolen

Hronsek — Velka Luka 1,362

Velké Luka — Slia¢ spa 1,356

Sliac spa — Zvolen 1,328
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3. Railway Infrastructure between Zvolen and Banska Bystrica

The track section connecting Zvolen and Banska Bystrica is 21 km long and consists of the line 170
Zvolen - Vrutky. For this section, the capacity optimization of the integrated transport system
construction is solved.

The traffic management is decentralized, which means that the management is provided by the
transport staff directly in railways operating buildings. All the operating buildings are constantly
occupied without the transport service lockout.

Zvolen and Banska Bystrica are connected by single-track line. The railway infrastructure,
which connects Zvolen and Banska Bystrica, is electrified with an alternating current system of 25
kV, 50 Hz. According to the Zeleznice Slovenskej Republiky (ZSR) railway tracks categorization,
the whole Zvolen — Banska Bystrica section is included among tracks of 1st category [1].

Fig. 1 depicts a track section scheme showing stations and stops located on this section as well
as the branch (turning) tracks from the railway stations Zvolen and Banska Bystrica and the course

speed of a given session.

@ station ) stop

Zvolen
B odbodka
Banska anska Velki Sl
Bstric . " " elka 1a¢  Zwvolen Ivolen
Bystrica mz‘stoﬂ Radvad Vikanovi Hronsek Lika kupele mesto 0s. st.

172 7. O * T o O
170 | K 171, 150
[w]

Fig. 1 Banska Bystrica - Zvolen track section scheme. Source: authors

4. Proposal of Railway Infrastructure Capacity Increase for the Integrated Transport System
Needs

Following the analysis of the passenger flows, the railway infrastructure capacity between Zvolen

and Banska Bystrica is assessed. It is a single-track section and, therefore, it is necessary to

optimize the infrastructure capacity in the context of fixed interval services within the planned

Integrated Transport system (ITS) [4-9].

On the basis of the knowledge of a set of possible measures to increase the railway tracks
throughput (permeable performance) and of the railway infrastructure condition in the assessed
track section, the following alternative measures are developed:

« Construction of a double-track line for smooth crossing,

« Construction of the second line throughout the entire assessed section.
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4.1 Methodology of Perspective Throughput Calculation

The calculation of the perspective practical throughput in the limiting section is based on
assumptions as in the calculation using statistics and mathematical probability and consists of two
calculation tables [9,10].

The calculation of the throughput performance was performed by the methodology of the ZSR
according to Internal Regulation D24 (ZSR D24 1965), which is applied to the perspective train
graph schedule diagram, which means without the need to create a train graph schedule diagram.
The methodology consists in finding a limiting interstate section. Then, occupation times for
individual probability of train sequences in limiting interstate section are determined and multiples
of train numbers in individual sequences are calculated [9-12].

By multiplying the respective occupation times and the number of trains in individual
sequences, the total occupancy time (Tops) IS calculated. Tops IS increased about 10% due to the
reserve order. Subsequently, unit occupancy time of the average train (tons) is calculated and
required buffer time according to the provisions of Regulation D24 is determined [13]. The
practical throughput of the section (n) is determined according to the:

n= Tocc=(TE+Tois ) (1)

tocc+tgapp
where: n = practical throughput [trains/day = t/d]; Te = total time needed for regular scheduled
examinations [d]; T,is — occupation time of an inter-station section by regular siding, operating and
service trains not included in the number of trains [d]; t,.c = average occupation time per train [d];
tgap — required time gaps per train [d].

To evaluate the results on a comparable basis, the same methodology was used for the current
state and post-modernization (upgrade) state. The throughput for the double-track line is determined
separately per each direction. Due to the slight difference between the driving time of trains in even
and odd directions, it is sufficient to perform a calculation for one direction (in this case, impaired
direction). 60 minutes of lockout time (T.y) are taken into consideration and the permanent
activities time is not considered. The range of train traffic is assessed according to the current train
graph schedule diagram 2016/2017 [14-17].

4.2 Throughput Indicators in the Current State

To determine the number of train paths for each train typologies, after examining the possibilities of
creating the symmetric cycle train graph schedule diagram, it is necessary to quantify the practical
throughput of the assessed section [8-12].

As mentioned, calculation of the track section throughput is solved using the methodology of
the ZSR. For this purpose, facts by analyzing the elements of the Train Graph Schedule (TGS)
diagram in 2015, such as interstate section occupation times, station and track intervals, and so on
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were identified. In Table 4, numbers of established routes for passenger and freight trains and total
and free capacity in the Zvolen - Banska Bystrica section are processed [10-15].

Table 4 Numbers of established routes in TGS per 24 hours. Source: [3]

Number of connections

Track ) ‘ Reoular — i A dod i v
Track section  Train type cgular —in s needed — 1n ree .
number yp TGS TGS capacity Capacity
E O E 0) E O E O
Zvolen — Passenger 39 32 1 1 102
118 D Banska . n -
Bystrica Freight 5 5 5 7

Table 5 shows the throughput indicators in the current state. Between Zvolen and Banska
Bystrica, the current throughput is determined at 109 trains per 24 hours.

Table 5 Zvolen — Banska Bystrica track section throughput (in 2017). Source: [3]

Track section Direction | O nu.mber of Tow Towp Nat Na Do Cp v
trains tocc tgapp P tfix b
- AN 7 10.39 319 102 O 6.6 ' X
Banska E 38 X X X X X X
Bystrica AN 7 X X X X X X X

Explanations: E = even train direction; O = odd train direction; To, = total occupation time of the interstation section
by all trains [d]; t..c = occupation time per one train [d]; Ty, = total gaps time [d]; tgep, = gaps time per one train
[d]; Nagg = number of additional routes; p = practical permeability [t/d]; N, = number of added routes; t;, = time of
fixed operations per train [d]; D, = occupation degree; b = backups time [d]; C, = coefficient of the permeability
utilization; t, = lockouts time [d]

Analysis of the current state of the railway infrastructure capacity between Zvolen and Banska
Bystrica indicates that it is possible to deploy additional 11 train connections within 24 hours. This
free capacity is given by the limiting section between the stations of Zvolen and Sliac. However, for
an integrated transport system, it is necessary to increase capacity at peak periods, when demand for
transport is the highest, especially in the morning and afternoon peaks, which are set from 5:00 to
9:00 and from 14:00 to 21.00 for our model proposal needs. Therefore, the infrastructure capacity
needs to be partially divided into such peak and saddle periods and it is necessary to determine the

number of free train paths within a peak period [16-18].
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Table 6 Throughput indicators within morning traffic peak. Source: authors

Tocc Tgapp t IDreal

Track section Direction Total number of trains
toce tgapp p tix
E 9 2,068 97.79 0 16
. AN 0 8.89 6.11 18 0
Zvolen - Banska Bystrica
E 7 X X X
AN 0 X X X X

In Table 7, throughput indicators within a morning peak from 5:00 to 9:00 are processed. Thus,
to determine the practical throughput, the calculation time is 240 minutes. From calculation of the
practical throughput, it is clear that the maximum number of trains in a given timeframe is 18 within
traffic peak periods. Currently, the actual number of trains is 16, which represents using the 88.89%
of capacity of limiting critical section. This number causes a relevant quality reduction in a given

section and at a given time [18,19].

Table 7 Throughput indicators within afternoon traffic peak. Source: authors

Tocc Tgapp t) I:)real

Track section Direction Total number of trains
toce tgapp p tix
E 18 6,551 1275 0 31
. 0 7.50 411 33 0
Zvolen - Banska Bystrica
13 X X X
AN 0 X X X X

According to a similar approach, throughput indicators within afternoon peak from 14:00 to
21:00 are summarized. Thus, to determine the practical throughput, the calculation time is 360
minutes. From calculation of the practical throughput, it is clear that the maximum number of trains
in a given timeframe, which can be deployed in the section, is 33 within peak periods. Currently,
the actual number of trains is 31, which represents using 93.93% of capacity of limiting critical
section. This extremely high number causes a significant reduction of quality in a given section and

at a given time [20,21].
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Table 8 Throughput perspective capacity for train graph schedule diagram 2017/2018. Source: [3]

Perspective capacity

'I' k - - .
rac Track section Limited |_nterstate
number section T. k,
tpr (Pn) Iquhl Tstal
Zvolen — 1,440 X 0.81
118 D Banska Sliac — Zvolen
Bystrica 10 117 X

Explanations: T, = calculation time in minutes, t,. (Pn) = drive time of average Pn train, n,yu - perspective capacity, k,—
throughput backup coefficient, T, = time of permanent operation.

4.3 Calculation of Zvolen - Banska Bystrica Section Throughput after Construction
of a Double-Track Line for Smooth Crossing

In case of insertion of a double-track line into a single-track railway line in the Zvolen - Banska

Bystrica section, it is necessary to specify its minimum length with the appropriate safety device

[4,13,22].

_ Cpo+Thy )r(0axva) _ (242)%(40+40) _
be = W1+V2)40.06  (40+40):0.06 1,333.83 (2)

where: L; = the minimum distance of the double-track liner for smooth crossing [m]; v; = speed of
the first train [km/h]; v, = speed of the second train [km/h]; rva = interval of successive entrances in
the railway operating building A; rpVB = interval of successive entrances in the railway operating

building B [8-11].

From previous calculation, it is clear that the length of the double-track line must be at least
1.334 m. After analysis of the track section, the best possible position for double-track line is in the
limiting interstation section. In our case, it is the section of Zvolen - Sliac spa stations. The distance
between these points is 6,112 m which suits our requirements for the construction of a double-track
line [13,15,23].

Table 9 Indicators for characteristics of throughput of the Zvolen - Banska Bystrica section after

construction of the double-track line. Source: authors

Tocc T a) Do
Track section Direction Total number of trains £PP Naad Cp L
tocc tgapp p b
E 40 361 1,019 X 0.26 69.92 60
. 7 420 11.85 123 8.9 ' X
Zvolen - Banska Bystrica
38 X X X X X X
AN 7 X X X X X

4.4 Calculation of the Section Throughput after the Second Line Construction
A new railway line construction has a positive impact in terms of increasing the assessed section

capacity. For such construction measures, the throughput is increased by more than 100%. When
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making decisions about construction of double-track sections, it is necessary to equip the entire
section, not only with a new railway line, but also a new railway safety device, which has a positive
impact on this throughput performance as well [5, 8, 24-26].

After the second line construction, determining throughput performance is much easier
compared to single-track sections: e.g. the throughput is determined separately for each path
direction [4-9].

n = Toce=(TE4Tois) _ 1AM0-G0H0) _ 55/ (2)

toccttgapp (5+4)

where: n = practical permeability [trains per day = t/d]; T = total time needed for regular scheduled
examinations [d]; 7,;; = occupation time of an inter-station section by regular siding, operating and
service trains which are not included in the number of trains [d]; #,.. = average occupation time per

train [d]; 4, = required gaps time per train [d].

4.5 Comparing the Capacity of Each Variants

Following the calculations in the previous chapters, it is necessary to evaluate the individual
proposed measures. Figure 2 shows the comparison of the practical throughput performance of
particular track section for the current state (without measures) and after the proposed measures:

double-track line and second line construction (double-tracking) within the whole section.
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Fig. 2 Comparison of throughputs: current and after upgrade. Source: authors

After the construction of a double-track line in a limiting critical section, the throughput
increases from 102 to 123 trains per day, this allows to create fixed interval transport services
between individual cities [17,19,25,26].

77



5. Conclusion
The railway track section Zvolen - Banska Bystrica represents the connection of two important
traffic points, centers of major economic units and creates significant interconnection within them.
This railway connection poses considerable demands on the quality and capacity of the
infrastructure, especially in terms of its use to operate a primary service as a part of an integrated
transport system.

The proposed measures can significantly contribute to create suitable timetable for passenger
trains between the cities of Zvolen and Banska Bystrica, which can enhance the attractiveness of

the planned integrated transport system.
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