utilization of train routes in relation to the implementation of periodic timetable
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Abstract: This paper deals with the problem of railway line capacity in terms of periodic timetable implementation. Periodic timetable is often required by customers like use friendly variant in passenger transport or due to guaranteed delivery time in freight transport. If it is not possible to construct new lines or tracks and it is not possible to realize any reconstruction measures, it will be appropriate to implement some operational measure, e. g. to improve the utilization of train paths, resp. to determine the influence of periodicity of a timetable to the railway line capacity. Nowadays, according to increase in the number of international freight expresses on corridors, it must be implemented sufficient amount of train routes for these trains into a timetable. Namely, it is chosen an area in the Czech Republic, which is composed of different types of railway lines, among others also of overlapping section of Rail Freight Corridors RFC 7 and 9. It is calculated the capacity consumption by UIC 406 leaflet in relation to the periodicity rate. For calculation is used the simulation tool SimuT, which is also used by Czech Railway Infrastructure Administration for capacity evaluation. By simulation tool there are input random entry delay based on exponential probability distribution. For every simulation screenplay is then counted the average delay increment – this capacity indicator is most important to evaluate the utilization of train routes in terms of quality and quantity. There are created different variants of timetables with variant periodicity rate. Every screenplay consists of 365 simulation runs.
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1. Introduction
Nowadays, to be attractive and competitive railway transport must fulfil many requirements. Passengers require comfortable and fast travelling, carriers require modern, fast, reliable and relatively cheap infrastructure with allocable capacity and infrastructure managers require some time for infrastructure repairs. To repair, modernize and maintain the railway infrastructure needs the infrastructure manager a lot of sources, which he can gain by infrastructure operation (or by government subsidies). The more train paths for infrastructure manager, the more sources for repairing and modernizing. Unfortunately for infrastructure manager is not possible to easily increase the quantity of train paths due to carriers and passengers requirements, which emphasizes especially the quality of train operation. To the quality folder it can be included the periodic timetables construction, periodic freight train paths in network or stability of timetables. Therefore is necessary to find the optimal utilization of train routes, related to the implementation of periodic timetable (optimal combination of quality and quantity). The aim is to reach sufficient amount of train routes (in comparison with the timetable 2016) with sufficient timetable stability, without overloading capacity. The goal is to find out the relation between timetable stability and timetable periodicity rate.
2. Data and methods
There are mentioned some information about chosen closed railway network, about  European Freight Corridors RFC, about leaflet UIC 406 and about the simulation method (simulation tool SimuT with average delay increment (ADI) calculation).
2.1 Closed railway network
It must be differentiated an open network local stability and closed network total stability. In this case is counted for closed railway network the total stability, it means a system is totally stable in the case of input delay eliminating in the defined time (all processes are running in the frame of closed network) (Hansen, Albrecht, 2008).
It was chosen a closed railway network in the Czech Republic consisting of various lines (different number of tracks, different security equipment e. t. c.), among others of overlapping section of Rail Freight Corridors RFC 7 and RFC 9 (namely section Kolín – Choceň). The whole chosen closed railway network is yellow marked on Figure 1.
[image: image1.jpg]%p,

obruska \

' Opocno pod Or

utna Hora-
Hefm.





Fig. 1. The chosen closed railway network
Source: Czech Railway Infrastructure Administration (CRIA)
The line 010 is the overlapping section of RFC 7 and RFC 9, double track, electrified, equipped with ETCS Level 2. The line 020 is single track, electrified and it serves as diversion route for the corridor line 010 in the case of exceptionalities. The line 031 is single track with one double track section with assumption of building double track line in the whole length of the line. It connects 2 county seats Pardubice and Hradec Králové (HK), which have in common 250 000 habitants (with agglomerations). The line 231 is called “Right Bank Line”, while it is located on the right bank of the river Elbe. This line is double track, electrified and on this line turns a great amount of freight expresses from the line 010, while the line 231 heads to Germany avoiding Prague. The line 016 is single track, not electrified with operation consisted of stop passenger trains and handling freight trains, only (SŽDC, s. o., 2016). 
2.2. Rail Freight Corridors (RFC)
On the basis of the European Parliament and the EU Council no. 913/2010 for competitive freight and no. 1316/2013, which is created the Connecting Europe Facility (CEF), is the gradual establishment of rail freight corridors RFC (Rail Freight Corridors). The main aim of the operation of these corridors is to strengthen the competitiveness of railways synergies between rail systems and harmonization of allocation interstate freight routes by national infrastructure managers (Čech, Šlachtová, 2015).

Czech Republic, respectively Czech Railway Infrastructure Administration (CRIA), as the infrastructure manager and allocator of capacity, is a member of RFC 5 (Baltic - Adriatic), RFC 7 (Orient / East-Mediterranean), RFC 8 (North Sea - Baltic) and RFC 9 (Czechoslovak corridor). Each corridor is operated on the basis of the Corridor information document (CID); each corridor has a single point of contact (C OSS) and allows carriers to apply international prearranged train paths facilitated freight via C-OSS. The request must be filed by information system RNE PCS and must include the cross-border section (Čech, Šlachtová, 2015).
RFC 7 - the Orient corridor runs from Central Europe to Eastern- and Southern-Europe connecting 7 member states - Czech Republic, Austria, Slovak Republic, Hungary, Romania, Bulgaria and Greece. The total length of main lines is approx. 3 900 km and the length of alternative and connecting lines is almost 2 500 km altogether (RFC 7 Orient Corridor, 2015). RFC 9 - the Czech-Slovak Rail Freight Corridor (CS CORRIDOR) runs from Prague to Čierna nad Tisou (Slovak-Ukrainian border) connecting 2 member states - Czech Republic and Slovak Republic. The total length of main lines is 972 km and the length of alternative and connecting lines is 276 km altogether (RFC 9 CS Corridor, 2013).
In capacity analysis, published in Implementation plan of RFC7, there are found lines with capacity utilization higher than 90 %. The longest sections with this high capacity utilization are situated in the Czech Republic, namely sections Poříčany - Pardubice (65 km) and Choceň - Česká Třebová (25 km) (RFC 7 Orient Corridor, 2015).
2.3 The UIC 406 leaflet

The UIC 406 leaflet, completely overhauled in June 2013, is one of the most important documents about the capacity calculation. There is published the approach to calculate capacity consumption by compressing a timetable and to evaluate the number of possible train path to a node, line or corridor. Corridor is in the UIC 406 defined as the main international and national connection and thus usually stretches over several hundred kilometres. Corridors may overlap with one another. On the basis of UIC 406 leaflet there are counted capacity indicators Occupancy Time Rate, Additional Time Rate and Capacity Consumption (UIC, 2013).
2.4 The simulation method

In this part is said something about the simulation method. In the chosen closed railway network there are a total amount of  29 railway stations, in which it is possible overtaking trains (double track line) or crossing trains (single track line). The amount of trains on each line is displayed in the Table 1. It is displayed for the present operation - timetable 2016 (TT 2016), constructed periodic timetable (PTT) and constructed periodic timetable with periodic freight train paths (PFTP, rescheduling of freight expresses). The upper number in the cell is total amount of trains on the line and bottom numbers is the amount of trains of: long distance passenger transport/regional passenger transport/freight transport. The letter X means the train category isn’t operated on a line. The shortcut HK means Hradec Králové hl. n., the shortcut VO then Velký Osek station.
Table 1 The amount of trains
	Line/Timetable
	TT 2016
	PTT
	PFTP

	Kolín – Choceň
	384

171/62/151
	336

104/83/149
	336

104/83/149

	Choceň – HK – VO
	174

30/106/38
	108

50/40/18
	114

50/40/24

	Pardubice  – HK 
	137

19/105/13
	179

118/40/21
	179

118/40/21

	Kolín – VO
	213

16/78/119
	221

38/40/143
	221

38/40/143

	Moravany – Borohrádek
	48

X/42/6
	57

X/38/19
	57

X/38/19

	Total amount of trains
(whole network)
	956

236/393/327
	901

310/241/350
	907

310/241/356


Source: Author

For simulation was used simulation tool SimuT, developed by Pavel Krýže, PhD. from CRIA.

The simulation tool SimuT is developed in Visual Basic, therefore it can run on every PC with Microsoft Office. It has to be input the option of a simulation, then railway stations and their shortcuts, station tracks for each railway station, line tracks, connection of station and line tracks, length of interstation departments and amount of line departments, type of train for priority, type of train for each number of a train and the path of each train. The simulation program SimuT can put new paths in a daily timetable with the solution for arisen path conflicts (Šrámek, Molková, 2016).
It was created the daily timetable, the passenger transport trains were concentrated especially from 6 am to 23 pm. Within the simulation program was established the average delay increment (ADI). The average delay increment was calculated by dividing the difference between total output and total input delay and the total number of trains. This indicator was calculated as an ongoing basis for each simulation run, so the total for the entire graph (all simulation runs). The indicator was also calculated for different types of transport, i.e. for long-distance passenger transport, regional passenger transport and freight transport (Šrámek, Molková, 2016). On the basis of occupancy time counted by SimuT were counted by author UIC 406 capacity indicators Occupancy Time Rate (K), Additional Time Rate (RT) and Capacity Consumption (C).
Three variants were created in SimuT. The first variant covers current railway operation in the Czech Republic. In the second variant there was created a periodic timetable on the basis of keeping up similar amount of trains of each train category, but with periodic routing for each train category. The third variant added to the periodic timetable optimization of freight train paths in network through path rescheduling via bottlenecks (Drábek, 2013). For timetable stability evaluation in relation with periodicity it is counted the periodicity rate – percentage of trains in PTT or PFTP and the whole number of trains.
It must be said the amount of trains in each train category is different for each variant. The whole amount of trains in TT 2016 is higher than in PTT or PFTP, but the heterogeneity is different. For SimuT one train means one train number. In PTT and PFTP there  is then less amount of train numbers, but one train number covers on average longer distance in PTT or PFTP because of creating of comprehensive train routes.
As part of the simulation was set for all simulation runs random entry delay based on the exponential probability distribution. There were solved conflicts of station tracks, freight trains were allowed to ride before their schedule time (in the case of free capacity). For each variant was made a total of 365 runs of simulation (for a daily timetable) (Šrámek, Molková, 2016).
3. Results and Discussion

In the simulation there was gained timetable stability indicators – average delay increment for all trains (ADI), average delay increment for long distance passenger transport (ADIL), average delay increment for regional passenger transport (ADIR) and average delay increment for freight transport (ADIF). Total delay for whole network is the dot product of train number matrix and ADI matrix. ADI for whole net is then total delay divided by total amount of trains. These most important timetable stability indicators are in the tables yellow marked. Table 2 is made for timetable 2016, Table 3 for periodic timetable and Table 4 for periodic timetable with periodic freight train paths (rescheduling via bottlenecks).
Table 2 ADI and periodicity rate in timetable 2016

	Line/Indicator
	ADI (min/train)
	ADIL (min/train)
	ADIR (min/train)
	ADIF (min/train)
	Periodicity (%)

	Kolín - Choceň
	1.05
	2.77
	- 0.01
	- 0.46
	47.40

	Choceň – HK – VO
	- 1.26
	- 0.60
	- 1.23
	- 1.88
	44.83

	Pardubice hl. n. – HK hl. n.
	- 0.20
	- 0.61
	- 0.25
	0.78
	38.69

	Kolín – VO
	0.27
	- 0.01
	- 0.04
	0.52
	37.09

	Moravany - Borohrádek
	- 0.29
	X
	- 0.17
	- 1.16
	60.42

	Total delay (min)/periodicity (%)
	200.15
	443.92
	-167.51
	-75.84
	44.04

	ADI for whole net (min/train)
	0.21
	1.88
	-0.43
	-0.23
	


Source: Author
Table 3 ADI and periodicity rate in periodic timetable
	Line/Indicator
	ADI (min/train)
	ADIL (min/train)
	ADIR (min/train)
	ADIF (min/train)
	Periodicity (%)

	Kolín - Choceň
	- 1.03
	3.30
	- 1.72
	- 3.67
	100.00

	Choceň – HK – VO
	- 2.21
	- 0.29
	- 1.81
	- 8.46
	86.11

	Pardubice hl. n. – HK hl. n.
	0.76
	- 0.12
	- 0.57
	8.28
	100.00

	Kolín – VO
	0.26
	0.07
	0.32
	0.30
	100.00

	Moravany - Borohrádek
	- 0.88
	X
	- 0.60
	- 1.43
	100.00

	Total delay (min)/periodicity (%)
	-441.42
	317.20
	-247.96
	-509.50
	98.34

	ADI for whole net (min/train)
	-0.49
	1.02
	-1.03
	-1.46
	


Source: Author
Table 4 ADI and periodicity rate in periodic timetable with periodic freight train paths
	Line/Indicator
	ADI (min/train)
	ADIL (min/train)
	ADIR (min/train)
	ADIF (min/train)
	Periodicity (%)

	Kolín - Choceň
	-1.03
	3.30
	-1.72
	-3.67
	100.00

	Choceň – HK – VO
	-3.14
	0.02
	-1.66
	-12.20
	88.60

	Pardubice hl. n. – HK hl. n.
	0.76
	-0.12
	-0.57
	8.28
	100.00

	Kolín – VO
	0.26
	0.07
	0.32
	0.30
	100.00

	Moravany - Borohrádek
	-0.88
	X
	-0.60
	-1.43
	100.00

	Total delay (min)/periodicity (%)
	-560.70
	332.70
	-241.96
	-650.02
	98.57

	ADI for whole net (min/train)
	-0.62
	1.07
	-1.00
	-1.83
	


Source: Author
With the increasing periodicity are getting the total delay and ADI for whole net lower. In the periodic timetable are in comparison with timetable 2016 all indicators better, in the periodic timetable with periodic freight train paths is much better (lower) ADIF, but a bit worse ADIL and ADIR (in comparison with periodic timetable). It is the price for effective routing of freight expresses, but the effect for whole network is positive (lower total delay and ADI for whole net). Visually are the tables compared on Figure 2 (total delay).
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Fig. 2. Comparison of total delay
Source: Author

To be sure, are in Table 5 displayed UIC 406 capacity indicators for sections with higher capacity utilization (higher occupancy time).

Table 5 UIC 406 capacity indicators for chosen sections

	Interstation department
	K (%)
	RT (%)
	C (%)

	Pardubice hl. n. – Přelouč, TT 2016
	55.94
	78.77
	93.42

	Pardubice hl. n. – Přelouč, PTT
	60.10
	66.38
	100.37

	Pardubice hl. n. – Přelouč, PFTP
	60.10
	66.38
	100.37

	Třebechovice – HK – Sl., TT 2016
	39.55
	152.85
	66.05

	Třebechovice – HK – Sl., PTT
	58.19
	71.84
	97.18

	Třebechovice – HK – Sl., PFTP
	64.27
	55.59
	107.33

	Pardubice – Rosice – Stéblová, TT 2016
	35.63
	180.70
	59.49

	Pardubice – Rosice – Stéblová, PTT
	69.10
	44.72
	115.39

	Pardubice – Rosice – Stéblová, PFTP
	69.10
	44.72
	115.39


Source: Author

With the increasing periodicity are the UIC 406 capacity indicators raising and the infrastructure seems to be more overloaded. It is very interesting with increasing periodicity is timetable on a closed railway network more stable, although some interstation departments are overloaded. It is possible in case of periodic timetable the infrastructure utilization could be in a few sections very high (up to the overloading), but if train routes are effectively made and bundled, it could be reached very high timetable stability. It is true in PTT and PFTP there are less trains than in TT 2016, but indicators ADI, ADIL, ADIR and ADIF are counted for one train, so their predictive value is appropriate.
4. Conclusion
With periodic timetable implementation could be reached very good timetable stability, although some interstation departments could be overloaded. Generally, in PTT and PFTP was routed less amount of trains, but the structure of trains has changed – there were strengthened segments of long distance passenger trains and freight trains, regional passenger trains were realized in less amount, but with preservation of commitment to public service (transfers from long distance passenger trains).
Optimal utilization of train routes is that one with sufficient timetable stability, sufficient quality for customers and sufficient quantity for infrastructure manager. Through PTT implementation is reachable very good timetable stability and high quality (use friendly network connections), the quantity is then lower, unfortunately, but sufficient for generation sources to maintain and modernize the infrastructure. At first, it is the turn of infrastructure manager to modernize interstation departments with overloaded capacity – then could be reached higher quantity in good quality. Through PFTP implementation could be satisfied the needs of freight carriers, optimized the network indicators and fulfilled requirements of prearranged train paths on RFC.
Acknowledgements
This article is supported by Students grant competition of University of Pardubice No. SGS_2016_008.
References
Čech, R., Šlachtová, M. 2015. Železniční nákladní koridory RFC. Praha: Železniční magazín Czech Raildays, 8-9.
Drábek, M. 2013. Periodic Freight Train Paths in Network. FD ČVUT, Czech Republic. 98 p.
Hansen, I. A., Albrecht, T. 2008. Railway timetable & traffic. Eurailpress, Germany. 352 p.
International Union of Railways (UIC). 2013. UIC CODE 406, 2nd edition. UIC, France. 56 p.

RFC 7 Orient Corridor. 2015. Implementation plan of rail freight corridor 7 Orient Corridor. Available from Internet: <http://www.rfc7.eu/ckfinder/userfiles/files/RFC%207%20CID%20All%20Books/RFC%207%20CID%20Book%205%20Implementation%20Plan%202015-02-16%20APPROVED.pdf>.
RFC 9 CS Corridor. 2013. Implementation plan of rail freight corridor 9. Available from Internet: <http://www.szdc.cz/rfc9/soubory/knihy/05-cid-kniha5.pdf>.
SŽDC, s. o. 2016. GVD 2016. Portál provozování dráhy. Available from Internet: <http://provoz.szdc.cz/portal/Default.aspx>.

SŽDC, s. o. 2016. Staniční řády vybraných ŽST. Portál provozování dráhy. Available from Internet: <http://provoz.szdc.cz/portal/Default.aspx>.

Šrámek, P.,Molková, T. 2016. The priority of international freight expresses in the overlapping section of RFC 7 and RFC 9 Kolín - Česká Třebová. In Proceedings of IRICON 2016, 31–32.

� Přemysl Šrámek: st24539@student.upce.cz





