3amady CMHXpOHI3aIil po3KIaay pyXy aBTOOYCHOTO CIIOIYYCHHS 3 MPUMICHKUMHU
MOTATaMU CJIiJ] PO3IJIAIATH 3 IEKUIBKOX HAMpPSAMIB, a CaMe:

— CTBOPEHHS aJbTEPHATUBHOTO KOHTYPY Oe3MepecajjoyHoro CroayyeHHS;

— Ppe3epBYBaHHS NUIAXIB peaiizallii MOO1IbHOCTI TPUMICHKOTO HACEICHHS,

— CKOpOYEHHS Yacy MepecyBaHHS MPUMICHKOTO HACETICHHS.

[{e MOXXTHBO HA OCHOBI BITPOBAKCHHSI HACTYITHUX TIPUHITUTIIB:

— TEPUTOPIAILHOTO Y3TOKEHHS MMyHKTIB CHHXPOHI3alli pyxy;

— Y3TOJKCHHSI MPOBI3HUX MOYKIIMBOCTEH aBTOOYCHUX MapIIPYTiB 3 MOMTUTOM;

— 00JIIKYy COLIaJIbHO-€KOHOMIYHHUX aCIeKTIB poOOTH aBTOOYCHHX MapIIPYTiB.

[1] Gkiotsalitis, K., Cats, O., & Liu, T. (2023). A review of public transport transfer synchronisation at the real-time
control phase. Transport reviews, 43(1), 88-107. Advance online publication.
https://doi.org/10.1080/01441647.2022.2035014
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CIIELIIAJIBHI I10JIOJKEHHA B KOHIEIIII PO3KJIATY TPAMBAH-
nona

SPECIAL PROVISIONS IN TRAM-TRAIN OPERATIONAL CONCEPTS

Mapkyc Jlarnep

TU Wien, Incmumym mpancnopmuux nayk (m. Bioenw, Aecmpis)

Markus Lagler
TU Wien, Institute of Transportation (Vienna, Austria)

By definition, tram-trains are a mixture between railways and tramways for
passenger transportation where vehicles use tramway tracks in cities and railway
tracks on out-of-town segments. They provide passengers with one-seat rides from
the countryside to urban cores without the need to change from a regional train to a
tramway or bus. Especially if railway stations are not located near city centres, tram-
trains provide users with an advantage, but this is only feasible if the city centre is
compact. [1]

Although some systems have been in use for a long time (for example Vienna—
Baden in Austria or Cologne—Bonn in Germany), a trend of building new tram-train
systems in Central and Western Europe has emerged after the successful introduction
of a tram-train system in Karlsruhe in 1992. [2] In Austria, two tram-train systems
currently exist: the Vienna—Baden and the Gmunden—Vorchdorf local railways. In
addition, two new systems in the cities of Linz and Salzburg are planned, for one of
which TU Wien developed an operational concept [3]. In Ukraine, no tram-train
systems currently exist, but tram-trains have been identified as a “promising direction
for the development of regional railways”. [4]

Special requirements exist for tram-train vehicles, for example the guidelines for
lightweight rapid transit railcars in Germany, because tram-train vehicles are lighter
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than ordinary railway rolling stock and their safety level has to be increased through
other means than the strength of the vehicles. [2] Tram-trains have to be compatible
with the technical standards of both railways and tramways (e.g. catenary voltage,
platform heights, train control systems, maximum vehicle width, rail and wheel
profiles).

Fig. 1: Example for a cyclic timetable where the headway is 15 minutes. Double and single lines
in the upper part denote double- and single-track sections. Squares denote stations.

Regular tramway operation has different requirements than railway operation.
Railways have an exact schedule, while tramways tend to have a more flexible
approach as they share streets with other road users. In Austria, it is a goal to have
cyclic timetables for all passenger trains (long-distance and regional trains) which is
encouraged by the Mobility Master Plan of the Federal Ministry for Climate Action,
Environment, Energy, Mobility, Innovation and Technology. [5] Therefore such
cyclic timetables should also be used when planning new tram-train systems (fig. 1).
This cyclic schedule of regional trains usually provides for consistent running times
throughout the day, while tramways running times differ according to the time of day
(rush hour, midday, evening). Trains on railway lines move according to the principle
of fixed blocks, while tramways often drive on sight. Additionally, railway lines can
have one or two (or even more) tracks, while modern tramways usually have two.

As a result, running times on tramway sections are less predictable and reliable
than on railway sections. There are some strategies to overcome this problem. On the
one hand it is possible to increase the running times with additional buffers
(sometimes called recovery margins [6]) on the tramway sections, on the other hand
tramway lines to be used by tram-trains might have their own right-of-ways or
priority at traffic lights to strengthen their independence from other road users and to
generate reliable running times.

Implementing different running times depending on the time of day like on
tramway lines is usually not possible on railway lines. As other passenger trains do
not have this feature, such a concept could lead to problems in stations or passing
loops on single-track lines. This conflict of interests leads to further compromise
being required in timetable design. In Austrian practise it is common to locate
passing loops on single-track regional lines after the distance required to drive an
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amount of time which is equal to half of headway (see fig. 1). Using this system, in
cases with less passenger demand the headway must be a multiple of the rush-hour
headway.

As a conclusion, it can be said that the distinctive features of both railways and
tramways have to be considered when designing an operational concept for tram-
trains.

[1] L. Naegeli, U. Weidmann, A. Nash, Checklist for Successful Application of Tram-Train Systems in Europe,
Transportation Research Record 2275 (1), p. 39-48, https://doi.org/10.3141/2275-05

[2] A. Pischon, A. Egerer, M. Krauth, Karlsruher Modell wird 25 Jahre alt und macht sich fit fiir die Zukunft, Der
Eisenbahn-Ingenieur 11/2017, p. 53-57

[3] M. Lagler, S. Edlinger, V. Hartl-Benz, Das Fahrplankonzept der Regional-Stadtbahn Linz, Eisenbahntechnische
Rundschau 6/2023, p. 73-77

[4] C. Bacuienko, YpObaHiCTHYHO-KIACTEpHHUN MiAXix 10 (OPMYBaHHS €IMHOT MACAXKHUPCHKOI CHCTEMH 00macTi,
Vipaincoki saniznuyi, Ne 1-2 (19-20), 2015, p. 24-29

[5] Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology (BMK), Austria’s
2030 Mobility Master Plan, Vienna 2021

[6] UIC Code 451-1 Timetable recovery margins to guarantee timekeeping - Recovery margins, Paris 2000
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VYKp3ani3Hulsg TpOJOBXKY€E AISUIBHICTS B YMOBAaX BOEHHOIO cTaHy. DOpMyBaHHS
AKICHOT cUCTeMH 1H(OPMAIIHHO-aHAIITUYHOTO 3a0€3MEUYEHHsI CIpUsi€ MPUUHSITTIO
e(EeKTUBHUX YMPABIIHCHKUX pIIIEHb 3aBASKH 30€pEKEHHIO Ta OINpalOBaHHIO
iH(hopMaIi, 10 T03BOJISE CBOEYACHO BUSIBIISITH MPOOJIEMHI MICIS Ta CIIPOTHO3YBATH
PO3BUTOK TMOJIIH.

3 METOI0 YAOCKOHAJIEHHS OOMIKy, CHUCTeMaTH3allil Ta aHajli3zy HaJI3BUYalHUX
CUTYyaIli#l, 0 BUHUKAIOTh HA 3aTI3HUYHOMY TPAHCIOPTI, y CTPYKTYPHHUX IMiAPO3/iIax
AT «YKp3ami3HUL» TpUBAE€ BIPOBAHKEHHS aBTOMATHU30BAHO-KEPYIOUOI CHUCTEMH
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