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INNOVATIVE APPROACH TO DETERMINING RAILWAY LINE CAP  ACITY

Vlastislav Mojzi&', Tatiana Molkova?, Josef Bultek®

The contribution deals with critical assessmentis#d analytical and graphic-analytical methods
for determining the lines capacity and of probleaossinected to the capacity formulation. Negative
outcomes from executed case studies force us &siigate new approaches, which would result in more
accurate capacity determination. Simulation modafgpear to be an appropriate tool allowing
the investigation of the capacity of transport asfructure in the interaction with the range offica
In case of incongruity between the transport infresure and the range of traffic operation,
the implementation of various arrangements inclgdihe economical assessment can be simulated
by means of scenarios. At the end of the paperaat dist of the experience with the application
of simulation modelling on particular lines in tBeech Republic is presented.
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1 Introduction

In railway transport determining line capacity isooucial importance. It is the interaction betwebe
range and organization of the transportation po¢&®) and the range of transport infrastructurg. (T
The knowledge of capacity is especially importahew creating the timetable, which represents tlye ke
tool for basic and operational control not onlyTéf.

The development of the matter of determining liapacity has been long and rather complicated.
Starting with simple thoughts, it has in successteps progressed to a longstanding use of aredlynd
graphic-analytical methods of solution, which aasdx on deterministic concept of transport. Nowsday
an effective tool for investigating the capacity nspresented by transport models and especially
simulation models. Such models are capable of ggkinthe interaction between the range of TP &ed t
range of Tl upon any given input in terms of thaffic organization together with respecting reqdire
level of quality. Naturally, the complexity of catidns requires adequate methods, means and wols t
used for capacity determination. Also the econoh@saessment of the arrangements aiming at prayidin
commensurate quality is considered to be very itapdrIn this paper we would like to present ttearfe
of one of partial results obtained within institutal programme “Theory of Transport Systems” solaed
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2 Analysis of analytical and graphic-analytical methals

There are two methodologies of calculating the capaurrently utilised in the conditions of the &&h
Republic, i.e.:

« Railway Infrastructure Administration (SZDC) (CBCzech Railways) methodology D24 [1]
representing the main approach,

* International Union of Railways (UIC) Leaflet 406 oapacity [2].

Expert public generally admit that both the methd@se their imperfections and internal and
external effort to draw computing algorithms closenew reality and new situation can be noticed.

2.1 SZDC (D) D24 Methodology

This methodology is rather old. Sinc®Qctober 1965, its original version has been iedand utilized
without any significant changes. It contains thérdggons of capacity, maximum (theoretical) capggci
practical capacity, capacity consumption coeffiti¢ine level of occupation, capacity supplemenivah
as relevant analytical relations is presented there

Methodology [1] supposes that in the storage otiimequirements for the system of bulk service
(which is one of the descriptions of a track umit¢re is always a requirement (i. e. train) avddab
However, this has nothing to do with current sim@atwhen passenger traffic prevails significan8ych
an assumption would mean that the running - thrdugjhs would be stopped in the stations because of
the occupation of the track unit and they woulceeritincidentally at the moment when the whenuhg
is available, or on the other hand, the departnes in TT would be set up according to the lingtin
consecutive interval, and thus they would not npeesent requirements for the quality of periodical
or they would not even meet the passengers” deri&edrend in passenger traffic is just the opgosit

In order to be able to compete especially withivilmdial motor traffic, passenger trains must be
operated with maximal punctuality and without useledle time. A positive trend of the last period
appears to be the application of periodical TT Hbotgular — interval and/or interval ones), which
provides the passengers with many indisputablerddgas (from departures at the same minute of the
hour to solutions of changes in the nodes of tgeleg-interval TT). Such organization of rail op@va,
though, decreases the capacity. At the same time,decrease is not recognizable within the used
methodology, as there exist certain time periodsere the track unit is available, still the conseeu
train must ‘wait” for its departure time as sefpiriodical TT. Such time and thus the capacitylgst
irrecoverably.

2.2 Methodology UIC 406

A newer approach to the issue is in UIC Leaflet 486 apacity, which came into force ohJune 2004.
[2]. TI capacity is defined there as available cdyawithin the allocation of required train patbs a
segment of Tl in a certain time window.

It is admitted there that capacity as such doeserat because it depends on the way the TI is
utilized. The basic parameters, on which capaafyethds, are number of trains, average speed, biaeta
stability and heterogeneity. The relation betwdwsamnt is illustrated in Fig 1. There is one axis dach
parameter drawn from a unique origin. A chord repnéing capacity then links together the values of
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each parameter. Capacity numerical value itsaléesented with the length of the chord, whicthes
result of more criteria analysis.

Number of
trains

Average / \ Stability

speed /

/

Heterogenity

Mixed Train Working
Metro Train Working

Figure 1. The capacity balance according to Ul@flet 406 [2].

The above mentioned facts indicate that capacitgraenation is based on assessment of existing
TT; in case of assessing future line it dependassessment of a case study.

The examination of the capacity itself using [2febsecuted through similar methods as when using
methodology [1], i.e. through a graphical methodd asalculation. The graphical method lies in
compression of designed paths on a time windovte@li operational intervals.

The UIC numeric method is based on the followirlgtrens (1) and (2):
k= A+B+C+D [min] 1)

Where: k total consumption time [min],
A infrastructure occupation [min],
B buffer time [min],
C supplement for single track lines [min],
D supplements for maintenance [min].

_ k.100;, )
k109

Where: K capacity consumption [%],
U time window [min].

Compared to methodology [1], the difference appéarse the need to compare the results of the
calculations according to formulas (1) and (2) tegain typical value corresponding to the typé&rack.
However, not even these values can be determinactlgxThere is a number of parameters which can
influence them, e.qg. reliability of TI and vehiclesterdependency of the examined line sectiontaerd
neighbouring sections, the level of quality reqdiby carriers (e.g. contract for the option of lation
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of a delayed service), margin on journey time, nemtdf trains per hour, the length of the line setti
particular options of crossings and overtaking laa line section. Thus the values in diagram lcaulg
approximate.

Diagram 1 Guideline figures of capacity consumpborparticular types of line

Type of Line | Peak hour | Daily period Comment
Dedicated 85 % 70 % The possibility to cancel some
suburban services allows for high levels
passenger of capacity utilisation
traffic
Dedicated 75 % 60 %
high-speed
line
Mixed-traffic | 75 % 60 % K can be higher when numbger
lines of trains is low (smaller than 5
per hour)
Source: [2]

Provided that the numerical values in the abovetimeed calculations are lower than the values in
the table, we can assume the existence of avakaplacity, however this must be proved througloWwll
up steps in Tl analysis. This iterative procedues in the attempt to insert required tracks withirt
typical characteristics into the examined TT. Whiea insertion is successful, the procedure hasto b
iterated to the point when the guideline standaflier of capacity consumption is exceeded (reached)
and/ or another additional track cannot be inserted

2.3 Problems related to capacity definition

Capacity is influenced by a number of factors. Tlaeg more or less mathematically quantifiable,
compared to the problem of periodical TT, where ohthe specialties of transportation — unstorgb#i
comes out plainly.

From mathematical point of view the figure of thember of trains in a certain period is fully
predicative only in case of a homogeneous TT amaViging that trains can be dispatched to the
interstationary line segment in the consecutivaopewithout dwelling [3]. Though in the real railywa
traffic, a homogeneous TT occurs rarely, usuallythe conditions of closed transport systems (for
instance special underground line, in some segmaintsamway lines or specific railway lines, e.g.
certain regional lines without freight traffic.)

In the majority of cases the matter of heterogesebli must be taken into account. Problems are
caused by the fact that on a particular line thermore than one type of train with the same type o
tractive and connecting vehicles operated. In practdifferences can be observed (passenger traffic
trains, freight traffic trains, trains made of tige vehicle and a set of hauled vehicles, motat eit.)
Different tractive characteristics of single trageuse different running times or more precisefieckent
occupation times and increasing level of the défifee between the running times of the slowest bad t
fastest train on a given track unit.

Such a problem is computationally solved by comsiing a TT congested to the maximum, when
certain universal train routes are inserted innd aeal but not yet used capacity is eventuallyss=d
from their number [3]. Regarding rather varied ecteristics of single train routes the argumentaiess
of this way obtained results seems to be less \aitithe procedure must be executed ad hoc acgordin
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to the type of the train, which should be incorpeda Also the sequence of the inserted train aed th
existing trains must be taken into account.

The problem escalates with the growing variaticenspf the speed of particular trains. (Fig. 2).

X mmeeeofro-i-- -/ aaaaan -k

Lost cap.

Figure 2: Negative impact of heterogeneous spedaston the railway line capacity.
Source: authors

This lost capacity is (in relation to theoreticapacity of interstationary section) are mathembyica
quantifiable through limiting consecutive inter¥at given train sequence. The extent of the logedds
on the sequence of particular trains and their dge€he problem stands as follows: how the capacit
should be formulated from an overall point of vidar, example for the period of 1440 minutes, orhwit
the number of trains insertable into the TT is wiedi.

The application of periodical TTs cause indireatugEation of Tl due to the dependency of separate
trains departures on the period of TT, which wasitinaeed in chapter 1.1. In fact, not the entireiqubr
for calculation can be utilized.

Due to the time period, when the train waits fa tleparture given by the period of TT, there occurs
a time gap, which is not available for occupatidrihis element of Tl with another operation (anothe
train running). Thus it can be considered a loglacdy. The trouble lies in this type of lost caipds
formulation and calculation within the general cdétion of capacity. See Fig. 3.

B

Period
Z = waiting for the depature
time = lost capacity

Figure 3: Negative impact on capacity caused byimgafor the departure time as set by the period of
Source: authors
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Eliminating this negative effect is not possiblefutl, for the creation of integrated periodical TT
itself requires implementing a number of otherecr#t, which make it unattainable (for instance, the
interaction with other line section, departure 1$nnequzirements, etc.). The situation is also erdmadth
periodical TT used in long-distance passengerittafflso substantial future changes in freight ftcaf
where with new carriers oncoming, a competitiontfams of freight traffic lines with minimum runrg
times and other requirements regarding their tiogtipning can be expected and are in question.

Moreover, on shared line segments of certain litress solution of coordination of train line TTs on
shared through “Zilina circle” method can be expddi3]. This requirement is logical, still it regents
another attack on capacity consumption of a lintéice.

Another important problem appears to be determittiegcapacity of tracks with platform in the nods

of integrated regular- interval TT. Provided th@bnation of the lines in the nod is implementetich

Is presumable in case of regular-interval integtat€ in order to minimize time loss at changindpteof
lines coming from different directions must encaurthere at the same moment. Thus it is necessary t
have in the nod as many available tracks with tlatfggm as many trains are supposed to meet in the
node. These tracks then stay unoccupied until anatitoment of coordinated encounter of the trains
occurs. In general formula with the ratio of ocdigratime and computation time, there are low valog
occupation obtained.

From this point of view and using methodology fhle deducted number of tracks with platform can
be smaller than necessary for performing the ojgeratccording to regular-interval TT, for the nesfd
simultaneous arrival of all trains is not takeroiatcount in calculations.

The interaction between the range of organizatiohRPband the range of Tl is of crucial importance.
Insufficient range of Tl causes problems in operatnd the quality of provided service within the T
just as the carriers” (customers”) demand for ti@mthe other hand, in case the Tl is over desigtned
redundant Tl causes expenses (for example, equipomextks, maintenance, staff costs). These costs
represent a loss for TI manager and can have atimeganpact of the economical situation in the
operation of the line. Thus there is a natural sgitg to optimize the interrelation of these fastand
capacity is one of the criteria when assessing rilstion. Moreover, the solution of the problem is
complicated with long-term recovery of the investini@ DI as well as practical unfamiliarity withtaal
range of TP in future, which-unfortunately- mamyéis prevails.

The analysis of case studies [6] when using metlogies [1] and [2] supported the need of change
of the approach and methods when determining thaotlyy and other parameters. Frequently, the edicit
values were under the limit of effective utilizatiof equipment and thus they established the insdge
possible capacity reserve, which does not exiseah system. In other cases, high values of paeset
indicated the impossibility to insert new traindhil® the opposite proved true. Eventual alteratifos
example, the deduction of indirect occupation, edusy adhering to regular-interval TT, from cal¢iga
period) are not generally specified and thus noluohed in the methodologies and they must be erdcut
individually being accountable to personal respaitisi of the operational controller. This contration
and problematical alterations lead to the decigsaamplement simulation modelling.

3 Utilization of Transport Modelling for Calculating Tl Capacity

Determining DI capacity is an example of possildage of transport modelling method. For examination
of the interaction between TP and TI, it appealiescéf/e to use the method of simulation models.

The principle of simulation methods is multiplerggon of independent random experiments and
assumptions of actual behaviour of a system wispeet to the comparison of separate partial resilts
this kind of assessment. Using the railway techygplegister of terms it can be described as examma
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of main characteristics of the system by meanfefstudy of performed TTs in the course of changing
inputs. In this case, these TTs were performed omlghe virtual conditions of the model. As in the
railway transport the dependency on the factualitimms seems to be on the increase (train sequence
periodical TT), the possibility to use simulatioot only for evaluation of the suggested TT's sighibut

for evaluation of capacity itself must be takemiatcount [4].

In practise, not only the parameter specificatidnone version of a TT is dealt there, but the
comparison of several TT versions. Eventually, diffe set in the values of output parameters, which
depend on the changes of input parameters, enaliteabserve the responsiveness of the changés of t
system behaviour in relation to the input paransetdfor instance, the changes of the system
characteristics in relation to the change in nundbenserted trains or the changes after the agfin of
periodical TT (and their interval) can be obsertied way and many this others. Through this the
calculation turns into a heuristic algorithm rathdeviated from the optimal solution, though.
Nevertheless, demands on calculations are lowependded results, which take into consideratiorreno
input parameters, are supposed to have highergatedt value than the results calculated accortbng
methodologies [1] a [2].

When simulating the interaction between TP andhd,dimension of the range of Tl [4] can be done
in advance (expansion and reduction). This infleecen be determined by a wide range of technolbgica
indicators raising from the model or calculatedvirthe model outputs, such as the level of occupaifo
a given element of Tl, executed plans of technalalgbrocesses, executed TTs etc. Thanks to theae da
it is possible to assess benefits and losses brdaygbxecuting the examined arrangement on Tl more
comprehensively.

Provided a complex study of line segment shoulditwee, it is necessary to create a few variant
simulation scenarios with different range of Tl,iibappropriate with different variants of TT (whdme
requirements for TT are not preliminary specifiei)e required range of Tl is then determined adogrd
to the technological characteristics of each sders well as to the comparison of the scenariasatth
other).

Moreover, it is necessary to define the outputsef@luating capacity. It cannot be assumed that the
value calculated as number of trains in a timeqokewill be sufficient. In an indirect way methodgio
[2] implies that such numeric value is not obtaieahith a sufficient level of accuracy, becauseahlbve
mentioned existing problems would remain to interfand thus it would stay a generalized value. High
level of predictive ability could be found in thet®f capacity values with their hypothesis/anatipn or
the specification of output parameters responss®i@ the changes of inputs (preferably in the fofra
mathematic function).

Only a complex assessment of the situation on eacpkar Tl based on the examination of several
input criteria could be considered a credible capa&wvaluation, which meets existing requirements.

At the same time, present way of this evaluationgikample according to [1], is still applicable fo
primary and - in comparison to simulation — quisk@ssment of the situation (on an appropriate l&vel
accuracy), or as a partial calculation within ewahsimulation procedure.

4  Application of Simulation Model

SW product Opentrack, version 1.5.2 was used byesearchers of the institutional project for médgl
on six selected lines of three different groups.

The analysis was focus especially on speed coefiigl, which was adapted by the solvers and
which - compared to the original coefficient- doed contain stays of trains caused by transportafar
they represent productive time of transport openatin total 400 train lines taken from TT 2008/@8re
examined.
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On the examined lines (with the exception of limad®Rerov, which is supposed to be led in a new
route in future), there were two operational scesautilized for the simulation. The first scenamwas
identical with TT 2008/09; it was also used forigation of the accuracy of the model results imtieh
to the actual state. The second scenario dealtpeitbpective range of TP. The base for the spatiic
of this range was especially project [5]. In cabéne Brno — Rerov, which is supposed to run in a new
route, a scenario for only prospective TT was mledel

In prospective scenarios (TT), a system of per@di€T was implemented within the TP
organization, by means of which the impact of tkisd of TP organization on Tl capacity could be
observed. Moreover, application of TP organizatdthis kind fully corresponds to the majority daps
and intentions concerning railway transport in CR.

When assessing operational scenarios there wede-ubesideg, — not only standard quantitative
coefficients, but also newly designed quantitatwefficients and economic indicators, i. e.:

» coefficient of elimination of primary delay§,; representing the ratio of primary delay to toitaet
necessary to settlement of the delay in relatiothéonumeric value of dwell time z (expressing
the stability of TT as its level of quality),

* variant range of TI,

* general economical indicators in relation to thedkbf suggested arrangement, organizational
and/or investment arrangement for facilitating tbguired range of TP.

More detailed outputs of the simulation are avddabt the Department of Technology and
Operational Control. The solution has fully provib@ accuracy of previous theoretical assumptions in
this field as well as the benefits of using simolatmodels when dealing with the issue of deterngni
capacity on new, higher quality level.

5 Conclusion

Approaches to the determination of Tl capacity haeen changing in time, as new technical possédslit
open for the railway transport and also in comgewith changing approach to the railway transport
general.

Owing to growing competition on transportation mearknd growing financial demands for not only
Tl construction but also Tl operation, determinatal capacity is considered to be a complex andiaku
issue. Regarding also new trends in the organizaifaransport, a simple determination of capabity
number of trains in a particular period appeardeoinsufficient. Thus it is necessary to apply the
possibility to assess the capacity characteristi€l by means of simulation models as their depsient
facilitates and simplifies such assessments.

3 The above contribution has been elaborated with sbpport of Institutional Research Project
MSM 0021627505 , Theory of Transport Systems*.
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