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The concept of an integrated rail transit system bsed on tram-trains in the
metropolitan area on the example of Piaseczno

Abstract: The article presents the concept of an integredédransit system for Piaseczno,
which is one of the main urban centers of the Warsketropolitan Area. The conditions for
the development of new lines and the use of exgstnirastructure were analyzed. An
agglomeration rail transit system based on normdlrarrow gauge railways and tram-train
was proposed, taking into account the stages aofarktdevelopment and integration of
various modes of transport. The proposed solutésnke a model for the development of rail
transport in the metropolitan area.
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Introduction

The railway reached Piaseczno in the 1890s. Howéveras not a standard-gauge railway,
but a narrow-gauge access railway: Wilanowska &et (Grojecka [16]. The route of the
Grojecka Railway started at Unii Lubelskiej Squarel is led on the left side of the Nowa
Aleksandryjska Road (today's Putawska Street) 9r¥lit reached Nowe Miasto on the Pilica
via Tarczyn, Grojec, and Mogielnica. In 1935, bothlways were joined and the track
spacing was standardized to 1000mm. In 1937, theirgg station was moved to Szopy
Polskie (hence the name of the Szopy station, teanpo known as the South Railway
Station), in the area of the current Wilanowsk#é@teof the Warsaw Metro. [3].

For many years, trains ran to Piaseczno along tedayjawska Street, constituting an
important factor in the development of suburbantlesaents such as: Grabow, Pyry,
Dabrowka, Mysiadto, and Iwiczna. The city of Piasexzand the settlements along the
narrow-gauge railway route on the Piaseczno - farsection (Zalesie, Gotkow, Gloskow,
Ztotoktos were also developing).

In 1934, a new standard-gauge railway line from 8&arto Radom (currently line No.
8) was built through Piaseczno. Its route was nthrkest of the Szopy - Piaseczno narrow-
gauge railway line. Due to the fact that Piasedzad developed buildings, the new line had
to be led outside the city.

The development of the automotive industry in tlstpvar period gradually led to
the suspension of regular passenger and freighsgoat on access railways near Warsaw,
including the Groéjecka Access Railway. The standgadge railway took over most of the
transport on the route Warsaw - Piaseczno anddusibuth.

The narrow-gauge railway infrastructure in the asE®arsaw was liquidated. To this
day, only the tracks on the Piaseczno - Nowe Miasib Pilica section have survived, while
the Piaseczno - Tarczyn section, served by thee®igssko-Grojeckie Narrow Gauge
Railway Society, is passable. The transports ar tolurist nature. Regular passenger traffic
has not been operated since 1991. Since 2004ailixay has been operating under the name
Piaseczyska Kolej Narrow-Gauge Railway [30].
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In 1983, the trolleybus line No. 51 was launchedrenroute: South Railway Station -
Piaseczno along Putawska Street. The line was sdedein 1995 and was replaced by the
bus line No. 709. In 2000, the trolleybus line waslly removed. The standard-gauge
railway and bus lines remained to service Piaseczno

Analysis of the conditions for the development ofail transport in Piaseczno

The modern rail transport system serving Piaseenabthe Piaseczno county is based on the
railway line No. 8, with the station located relaly far away from the city center. The
distance from the Piaseczno railway station tocatral Pitsudski Square is almost 1.5 km
along the main streets [31]. Most of the multi-fintiuildings are also far from the station.

Therefore, the settlement structure and transpgstesn of Piaseczno cannot be
compared with cities such as Piastow, Pruszkow,jdoegvo, Brwindw, or Zbki. These
centers developed intensively after the constractiof standard-gauge railways,
approximately concentrically around the statione Tdommunication accessibility by rail
transport of the center of Piaseczno is insufficiand worse than the above-mentioned
centers.

The consequence of the peripheral location of #igvay station in Piaseczno is an
unusually high number of passengers using subuthe lines to and from Warsaw,
compared to other cities in the Warsaw agglomanatiche transport is organized by the
Public Transport Authority in Warsaw (ZTM). Durinilge morning rush hour, the cordon of
Warsaw exceeds approximately 1,200 passengerdafisn bus transport in the corridor of
Putawska Street towards Warsaw and approximatdypa@sengers towards Piaseczno. This
puts Putawska Street in the first place in terinthe size of passenger flows by buses among
all exit routes in the entire Warsaw agglomerat[@b).

The most important bus line connecting Piaseczitlo Wiarsaw is line no. 709, served
by large-capacity buses that run at the peak fregueven below 4 minutes, and off-peak
every 10 minutes. It is also the ZTM suburban (2dime in the entire Warsaw Metropolitan
Area with the highest load in terms of the numbfgrassengers transported [42].

It should be emphasized that the number of passergaveling from Piaseczno
towards Warsaw, from crossing the capital's botdethe intersection of Putawska with
Poleczki Streets is slowly growing from 1,200 t8Q0) passengers. Only from the above-
mentioned intersection, the number exceeds 2,200-2Bassengers (Figurd). The
proportions in the distribution of passenger flons/e been maintained for many years,
which was already confirmed by the research frofd52[1]. Such a distribution means that
Piaseczno itself and its immediate vicinity arefay the dominant traffic generator in this
direction. However, in the section of Putawska &tfeom Piaseczno to the intersection with
Poleczki Street in Warsaw, there are no significasgtinations and sources of travel, which,
when considered independently of Piaseczno, judtiy construction of rail transport
infrastructure [1].
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1. Passenger flows in public transport in the cariof Putawska Street in the morning rush
in 2015. Source: own study based on [25]

The number of passengers arriving by rail (linedB}he Piaseczno station from the
south (from the direction of Radom) does not excé@d. From the Piaseczno station, the
number of passengers traveling towards Warsawaseseto 700. The number of passengers
crossing the Warsaw cordon in Nowa Iwiczna (betwB&seczno and Warsaw) is already
around 800, and according to forecasts for 205)rthimber will almost double [25].

The intensity of individual traffic during the memsment period on the cordon of
Warsaw at the measurement point at ul. Putawsk#o(ra road no. 79) amounted to 58,063
vehicles within 16 hours of measurement [25]. ltswhe fifth-highest result among 55
measuring points marked on the cordon of the ddpitiaat the same time the second-highest
among national and provincial roads that are nobsrway or expressway (in this category,
more vehicles traveled only on road No. 719 alargzolimskie Avenue).

Apart from the main direction of travel from Piageo to Warsaw and vice versa,
there are also several secondary directions [2tds& are mainly two corridors leading south
from Piaseczno:

» Armii Krajowej Street and its extension along natibroad No. 79 towards Gora

Kalwaria (along the narrow-gauge railway route orager existing [16]),

» Sienkiewicza Street and its extension through Zal&volne and Gotkow towards

Tarczyn (along the route of the Piasets#§a Narrow-Gauge Railway) - it is also

mainline of buildings in the Piaseczno communeidstthe city itself.
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The directions to Magdalenka and Konstancin-Jeaiame of less importance.

The northern part of the city is crossed from wiesteast by the standard-gauge
railway line No. 937 leading from the Warszawac¢€k station (railway line No. 8) to
Konstancin-Jeziorna and then as a siding to theki&iki” Heat and Power Plant. The line is
currently not used for passenger transport.

The city and commune of Piaseczno are charactebyeatynamic urbanization. Over
the last 20 years, over 20,000 new residents [88¢ ltome to Piaseczno, which is over 85%
increase. Among the cities of the Warsaw agglornmrabnly Zbki and Marki recorded a
greater increase in terms of percentage, but Piaeewas the place where the newest
inhabitants came in absolute numbers (apart fromst#vg. In 1997, Piaseczno was the
seventh city of the agglomeration (excluding Waisaef a similar size to Grodzisk
Mazowiecki. In 2018, it moved to the third positifiregionowo and Pruszkow are larger).

Only in 2018, 497 new apartments were commissiond@iaseczno, which puts the
city in the absolute top of the cities of the Mareskie voivodship [33]. At the same time,
620 apartments were completed in the rural path@Piaseczno commune. This gives a total
of 1,117 apartments, which is more than, for examipl the entire Pruszkéw district. New
jobs, industrial and service facilities are alsogecreated in the city and its vicinity.

Analysis of rail transport development plans for Paseczno
In the strategic and planning documents preparest the last few years for the city and
commune of Piaseczno (and in documents at themalgievel), statements about the need to
strengthen the role of rail transport in communaratservices for this part of the Warsaw
agglomeration are repeated.

Table 1 lists the basic investments in rail transport e tcity and commune of
Piaseczno, postulated for implementation in plagpmacuments. Figurg shows a synthesis
of the most important planned investments.
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Tab. 1. List of the most important investments in railngport in the area of the city and
commune of Piaseczno postulated for implementatigrianning documents.

2]

0 | O (o)) (o)) — < Lo (ce]
o | O o o - — — —
No. | Planned investment o RIRIR|RIIQ|R|]|R
—S J || ®nw| oo TN
L Ao A Y o A e A .
1 2 3 |4 |5 |6 |7 |8] 9| 10 11
1. |modernization of the railway line No. § ygges|yes|yes|yes|yes|yes|yes|yes
development of connections on line Np. yes
2. |8 (SKM) - yes yes| - yes|yes|yes| -
3. |extension of line No. 8 to four tracks |_ |. - - - |- |- |ves
construction of new stops on the line No. yes
4. |8 - |yes - |- |- |yes|- |-
adaptation of the railway line No. 937
5. |forthe needs of reqular passenger | |yes|yes|yes|yes|- |yes|yes|yes
transport

adaptation of the infrastructure of the
6. |Piaseczyska Narrow-Gauge Railway to. | |yes|yes|yes|- |yes|yes|yes
the needs of regular passenger transport

O

integration of the railway station PKP

7. | Piaseczno - |- |yes|yes|yes|- |yes|yes|yes
with the Narrow Gauge Railway of

8. | Piaseczno - oop- - e ]

9. |tram route along Putawska Street yes|- op.|yes|- |op.|yes|-

10. |bus lane along Putawska Street op.|yes|- |- |- |- |op.|- |-

11. |trolleybuses along Putawska Street | o

op. — investment considered as optional
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2. Synthesis of investments in rail transport p@ad for implementation in planning
documents. Source: own study based on: [1], [Z], [L7], [19], [20], [21], [23], [24], [26] in
reference to: [31]

The necessity to modernize the railway line Naal8ng with the construction of new
stops, is indicated in practically all key planniddgcuments, including: [14], [19], [21], [24].
It is planned to adapt the line to the needs ofbkayKole] Miejska (SKM) along with the
construction of new stops and parking lots "P&RheTSpatial Development Plan for the
Mazowieckie Voivodeship [14] also includes a pramison the prospective reconstruction of
line No. 8 on the agglomeration section (e.g. Caaak Ptd. Station) to four tracks. It is
worth noting that SKM in Warsaw plans to launchewnine to Piaseczno in 2023 [41],
routed by the Warszawa Zachodnia station to thes¥éava Gdaska station, which will be
possible after the completion of the modernizatbthe former [18].

Most documents ([14], [21], [23], [24], [26]) plaon adapt the railway line No. 937
(Siding to EC "Siekierki”) to meet the needs ofulag passenger transport to Konstancin-
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Jeziorna (and even further [26]) along with thestarction of several passenger stops. The
new line would run light railbuses, connected inNddwiczna with SKM and regional trains
on line No. 8.

Opinions are divided regarding the restorationadgenger traffic on the Piasefigka
Narrow Gauge Railway. Document [21] includes a margauge railway at the stage of
analysis, but in the proposed directions of transmtevelopment, it was not finally
recommended to recreate regular passenger seondésHowever, in [24] it is postulated to
recreate the Gréjecka Access Railway [currentls&iayiska Narrow-Gauge Railway] with
modernization to support local passenger traffidd aourist traffic, along with the
revitalization of the station and the constructadrparking lots in the vicinity of all stations.
An important element of this project would be asfer junction integrating the normal and
narrow-gauge railway in the area of the Piasecz®/Piaseczno Viaduct station.

In the current Spatial Development Plan for the Meeckie Voivodeship of 2018
[14], it is proposed to use the narrow-gauge line PiaseczGroéjec as a regional tram with
the introduction of a line to the Gréjec downtowrdahe adaptation of the network of stops
Similar proposals were included in [26] and [1@&aking in mind the distance of the narrow-
gauge railway from the centers of Tarczyn and @rdgnd Piaseczno). In [20] it was also
proposed, in relation to narrow-gauge railways emeayal, the possibility of building a third
rail in order to introduce standard-gauge rollitack on the route..

In subsequent studies, the idea of a tram linegalutawska Street was repeated. In
2006, documents [1] and [2] were prepared, beidgtailed study of the planned tram route
from Warsaw to Piaseczno along Putawska Streethésame time, the document stated that
the main task of the new route should be to quitklysport passengers from Piaseczno and
the surrounding area to the Poleczki/Pileckiegaeiséction and to the Wilanowska Metro
station [1], due to a slight increase in the number ofspagers on the route between
Piaseczno and Warsaw, about which was written befbhis statement is crucial from the
point of view of the legitimacy of choosing the tedor the tram in Putawska Street, which is
not the only possible corridor for its passage.

In [2] the concept of the route location, the lematof stops, street sections, possible

collisions, and proposals for their solutions, asllwvas communication services for the
Piaseczno city center in two variants are presenteétail.
The provision about the fast tram as an "acceptablation" appeared in the Study of
conditions and directions of the spatial develophaéithe city and commune of Piaseczno in
2009 [23]. In the Study of 2014 [24], apart frone tlast tram option, an additional bus lane
was replaced along Putawska Street.

The 2008 study of the communication system of tiasdezno Commune [21] turned
out to be very conservative in terms of improvingplic transport between Piaseczno and
Warsaw along Putawska Street. It was proposed; atitg, introducing a fast bus line running
on Putawska Street on a separate lane or road.alitters argued this with significantly
lower construction costs compared to the tram raatkslightly lower transport capacity with
a comparable travel time.

It should be emphasized that the tram route toemw is not included in the basic
planning documents of the capital city of Warsa@2][ [15]. and [40] It appeared in the
report from 2014 [32] among the lines recommendedcbnstruction, but only in the last
place (after 2040).

A separate issue is the connection of Piaseczriotihvit Warsaw Metro. In [21] it was
proposed, for example, to use the existing Metthngi by building a short railway link,
providing access from Piaseczno to the Kabaty m&taton. The idea of extending the M1
metro line directly to Piaseczno, although it appdan some pre-election spots, was not
supported by any planning and strategic documenis tb the very high costs,
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disproportionate to the effects, the need to ruturanel under the undeveloped area of
Kabacki Forest and difficulties in financing suclhaege project by the city and commune of
Piaseczno [34].

None of the documents propose to run the tram ralatieg a different corridor than
along Putawska Street, including the double-systam.

The concept of a two-system tram in the transportesvice of Piaseczno
The following conclusions were drawn from the cortéd analyzes, constituting assumptions
for the concept of the rail transport system inResseczno communication service:

» the basic rail transport system should be baseth@mailway line No. 8, which has
been modernized on the Warszawa - Piaseczno sgeatidrwill then be expanded to a
four-track line [39],

» the main transfer junction should be built at tadway station of the Piaseczno PKP
station and provide the shortest possible pedespaghs between different means of
transport,

» the accessibility of the railway line No. 8 sholld improved by connecting the
Piaseczno railway station with the city center, @omer, new passenger stops,
delivery lines, "P&R" car parks, easier transfers,

» passenger transport should be launched on theamilwe No. 937 along with new
passenger stops,

* regular passenger transport on the narrow-gaugeasaiine should be restored (the
line requires modernization and integration wite Biaseczno railway station),

» atram line from Piaseczno to Warsaw should bedaed, with the city of Piaseczno
being a traffic generator sufficient to launch amrconnection with Warsaw, and an
increase in passenger flows along Putawska Stefetelen Piaseczno and Warsaw is
relatively small.

In the first stage of the development of the reaihsport system in Piaseczno, it is
proposed to introduce double-system trams, runrbegveen Piaseczno and Warsaw,
bypassing Putawska Street. Between the cities,véécles would travel on the suburban
tracks of the railway line No. 8 (in the futurewbuld be expanded to four tracks: two long-
distance and two suburbans). However, in the ar&dansaw and Piaseczno, they would run
down to tram tracks running along city streets.

The proposed rail transport system based on a daylstem tram is shown in Figure
3. The main axis of this system is visible: railwane No. 8 and the final sections of the tram
route:

* north in the area of Warsaw integrated with thestaxg tram line along Marynarska
Street (currently terminated by a PKP Zwiec terminus next to the Warszawa
Stuzewiec railway station),

e southern in the area of the city and commune ofdezno, run from the area of the
Nowa lwiczna passenger stop, initially by line 1987, and then as a completely new
tram route through the center of Piaseczno (fongta along Putawska - Koiuszki -
Sienkiewicza Streets to the Piaseczno railwaystati
The tram would start its course, for example, fittvea Wierzbno Metro stop, where it

would be integrated with the M1 line of the Warskletro, and then it would move along
Wotoska and Marynarska Streets while providing camitation services to the office
district in Shikzewiec. In the worst case, the starting stop wowddPiKP Staewiec (even
without connection to the tram system in Warsaw)thle last solution, however, one cannot
speak of the full use of the advantage of a doap#tem tram over other means of public
transport, which results from limiting the numbécbanges to a minimum.
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3. The proposed rail transport system in the Piagecemmunication service. Source: own
study in reference to: [31]

Then the tram would run over a short lane ontottaeks of the railway line No. 8.
The tram line would be included in the railway netkwithin the Warszawa Qkie station.
The connection in a collision-free manner woulcelkzemely difficult in this place due to the
immediate vicinity of the Marynarska road junctidrnerefore, in the first stage, it would be
implemented in one level (perhaps only in the aségunctions No. 22 and 23 of the
Warszawa Oécie station [37]).

The entry of the vehicle to the station would tgkace on the basis of an enabling
signal on the entry signal, operated from the Ld&d@. The rules for integrating the tram
system with the railway system in the Polish regjoies are presented in [27] and [4]. The
tram could enter the line No. 8 earlier - near B> Rakowiec stop (from the tram route in
Grojecka Street), but this would seriously limie ttapacity of the most loaded section of the
line No. 8 Warszawa Zachodnia - Warszawaz8hiec.
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It was planned to expand the railway line No. dor tracks at least to Piaseczno.
Ultimately, one pair of tracks can be routed thtouwg tunnel to the center of Warsaw,
bypassing Warsaw West. Double-system trams wouhdam suburban tracks. A detailed
functional, technical, financial and economic asa\of including the tram route into line No.
8 will be the subject of a separate study.

In the vicinity of the Nowa lwiczna stop, vehiclemuld exit to the railway line No.
937 (towards Konstancin-Jeziorna). Due to the &chitapacity of a single track, a second
track should be built on this line up to the aréahe crossing over ul. Pulawska. At the
Mleczarska branch station organized in this ateattams would run down to the newly built
tram route heading towards the very center of lBas® The checkpoint should be included
in the LCS Okcie control area.

The tram route can be run through downtown Piasegziseveral variants, shown in
Figure4, along the streets:

» Option A: Putawska - Keciuszki - Sienkiewicza - Piaseczno Railway Station,
 Option B: Putawska - Kawiuszki (towards the south)/Sierakowskiego and

Warszawska (towards the north) - Sienkiewicza s&ano Railway Station,

* Option C: Putawska - Wojska Polskiego - SienkiewieZPiaseczno Railway Station

(similar to optionl from [2]),

* Option D: Putawska - Polish Army - Sienkiewiczaiaseczno - Dworcowa Railway

Station - Jana Pawia I,

* Option E: Putawska - Okulickiego - Powstédw Warszawy - Jana Pawia Il -

Chyliczkowska - Armii Krajowej - Putawska (similty variant 2 from [2]).

Options A and B intersect the strict center undedtas Pitsudski Square. Such
routing significantly increases the accessibilifytlee tram, integrates it with the pedestrian
zone, contributes to changing the image and réziitgl the urban space, but requires serious
changes in the organization of traffic in the cahpart of the city. Options C and D are easier
to implement, they pass through large housing estdtut are run outside the strict center.
Option E covers the largest housing estates ireBm® in a loop system, but in the author's
opinion it should be rejected due to the lack dégnation with the railway station of the
Piaseczno railway station.
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4. Basic variants of the tram route passing throughirdown Piaseczno. Source: own study
in reference to: [31]

The tram route will run mostly next to the roadatwng the section dividing the road
(along dual carriageways). Only in the center sthaxdnsider laying rails in the road and
running trams together with vehicle traffic. On 18iewicza Street, the tram route may
coincide with the initial section of the Piasegzlya Narrow-Gauge Railway (one of the tracks
can be equipped with a third rail).

Initially, options A and B are recommended. Thalfigelection should be made on the
basis of a more detailed functional and technitadlys as well as financial and economic
analysis..

Movement issues and the effects of introducing a dble-system tram

The presented concept of transport services ireBza® is based on the Karlsruhe model [8],
[9] and very much resembles, for example, the ntetbiotransport services in the city of
Heilbronn with a population of over 100,000. Theuble-system trams in the city of
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Karlsruhe run on the city's tram network. At thgy dorder, the vehicle joins the railway to
Heilbronn, which is 70 km away, and moves on th&daf a railway signal. After reaching
the main train station in Heilbronn, the vehicleergers the city tram system.

The distance between the center of Piaseczno an8ithewiec train stop is less than
14 km. The length of the rail section of the doedhjstem tram would be approximately 13
km. The tram section built from scratch, runningotilgh Piaseczno along Putawska -
Kosciuszki - Sienkiewicza streets to the Piasecznwas station, would be 3 km long. This
includes the second track of line 937 on a 1.5 katien, which can be built independently
for passenger connections to Konstancin-Jezioma,tlae electrification of this section with
600V DC ("tram").

For comparison, the tram route planned in [1] aRl §tarting from the WAcigi
terminus in Warsaw to its end at the Piasecznwagilstation, would be over 13 km long. A
two-system tram allows to achieve a similar endiltdsy reducing the length of the railroad
built from scratch by three or four times compatedthe tram route in the corridor of
Putawska Street.

The tram will overcome the route from the WarszaésWazewiec stop to the Nowa
lwiczna stop in about 10-12 minutes (accordinghe turrent timetable for electric units
[36]). Drive along a parallel route at PutawskaeStrwould be about twice as long [1]. As
part of the modernization of the railway line Nga8our-joint automatic line block (sbl) [38]
was installed, which allows vehicles with variotection parameters and braking distances to
be driven [29]. The next two lanes would probalibpaeceive a four-leg automatic line lock.

It is planned to maintain the frequency of tramsning every 5-10 minutes during
peak times and every 10-15 minutes off-peak andatidays. The frequency was determined
based on the current timetable of the bus line R@ and other suburban lines [42].
Meanwhile, the capacity of a pair of suburban tsaejuipped with a four-way automatic line
lock is estimated at 24 trains/h in each direc{gaguence time 2.5 minutes) [6]. Dual-system
vehicles should fit into the timetable with SKM arejional trains, the more so as they will
take over a significant part of passengers of thaibsays.

A separate issue is the organization of the tradficlouble-system vehicles and the
arrangement of timetables so as to maintain reiylairtraffic regardless of delays caused by
congestion in urban sections of the system. Thablpm was also analyzed in Polish
publications [5], [13], [29].

The first stage of the development of the systewolues the integration of double-
system trams with bus lines transporting passengerhe main interchange nodes: the
Piaseczno railway station and the Putawska/Okwdmgkiintersection. At the same time, the
number of suburban buses running along Putawskann@09) should be reduced and
adapted to the needs of the corridor service oaviska Street.

Further development of the rail transport system inthe Piaseczno region
Further development of the transport system wipledwl on the investment opportunities of
local authorities and the increase in demand fes@ager transport.

The most important directions for the further depahent of the system are presented
below, in the order considered by the author asniost reasonable and probable, also
confirmed in the strategic documents of the citg aoammune of Piaseczno. The directions of
the system development are shown in the Figure
1. Adaptation of the railway line No. 937 to the neeflpassenger transport, at least on the

section Nowa Iwiczna - Piaseczno - Julianéw - Kanein-Jeziorna, along with the
construction of passenger stops with P+R car pamkihe first stage, the line will be run
by light diesel railbuses, ending at the Nowa Iwgzstop, connected with trains and
double-system trams going on by line No. 8 to Warda the second stage, the line can
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be fully electrified with 600V DC and double-systanams can be introduced. Then
extend their connection to Warsaw-Mokotéw on the band, so that a change in Nowa
lwiczna is not necessary, and on the other to éiméec of Konstancin-Jeziorna by building
a short tram section.

2. Restoration of regular, daily passenger transporttiee Piasecf\sska Narrow-Gauge
Railway, along with the revitalization of the indteucture and the purchase of light,
diesel-powered tram rolling stock. The main routewd be the Piaseczno - Tarczyn
section with the construction of a short branckh® center of Tarczyn. Ultimately, trains
should run to Grdjec, also after connecting a dwate the city center, which would
significantly increase the accessibility of thisans of transport [17]. In the first stage,
trains should reach the Piaseczno Wiadukt stoggmated with the Piaseczno PKP
station. Then you can build a short branch alongoworcowa and organize a transfer
point in front of the Piaseczno Railway Stationeatimg the main Piaseczno transfer
junction integrating SKM, Piaseazska Narrow-Gauge Railway, and a two-system tram.

3. Extending the line of the Piase@ska Narrow-Gauge Railway, based on the construction
of a third track along the route of a double-systeam running through Piaseczno, up to
the second important Putawska/Okulickie interchargethis way, a high frequency of
running in the city center would be achieved aneédiaccess from Gotkéw, Ziotokios,
Tarczyn, and Grojec would be ensured. Similar smhgt are used in some German
agglomeration transport systems. The center ofePm® may be entered by a diesel
railbus (such as in Zwickau) or a hybrid vehicldapted to both diesel and electric
traction (such as in Chemnitz, Kassel [10] or Nauben [7]).

4. Construction of the third track or the conversidrih@ narrow track to the normal one on
the section Piaseczno - Tarczyn - Gréjec in ordemtroduce standard-gauge rolling
stock. It is an optional solution in the longernterbecause the passenger flows in this
direction will not reach the size of the flows dmetPiaseczno-Warsaw route, and the
frequency of trains can be assumed at the lev20e€80 minutes during rush hours (based
on the analysis of the current bus timetables [3Bl4]). The construction of the third
track in the further section, i.e. on the line Noto Warsaw, seems economically and
functionally unjustified.

5. Expansion of the tram network in the city and commof Piaseczno by building further
branches of the basic route of the double-systam.tConsider, for example, the second
line running through the city along the north-soattis and the transverse line in Jana
Pawia Il Street and the line to J6zefostaw. Finallgo a tram route along ul. Putawska to
the Wyscigi loop if they justify future passenger flows.

6. Reconstruction of the Warsaw junction by buildingeav cross-city line along the north-
south axis along Jana Pawta Il Avenue in Warsawh tiie new, "tower" Central Railway
Station at the intersection of both cross-city $in€he new two- or four-track railway line
would start at the new Warszawa &wiec station and would be routed through a tunnel
to Warszawa Gdmska or Warszawa Wiiska stations. This would make it possible to
route trains on the line No. 8, as well as two-@ystvehicles serving the center of
Piaseczno in completely new routes, directly tovtbey center of Warsaw, bypassing the
Warszawa Zachodnia station. It is a promising dioecfor the development of the
transport service system for the entire southenu lud the Warsaw agglomeration.

The proposed directions for the development oftthiesport system take into account
not only the general trends in the restoration mxadiernization of railway lines throughout
Western Europe. First of all, they use the potéfidhe existing, unused infrastructure and
the possibility of introducing modern, unconvengtibisolutions in rail transport, including
intermediate solutions between city trams and[14i], [12], [28], [29].
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Summary

The main element of the concept presented in tidears the line of the double-system tram
from Warsaw to Piaseczno, using the extensive agilline No. 8. Of course, such a tram
bypasses Putawska Street. First of all, howevas, id serve Piaseczno, and not the western
periphery of the Warsaw-Ursynéw district. Secondhge solution proposed in the article is
easy to stage because there is always a possiilingilding a tram line in the corridor of
Putawska Street and its integration in Piaseczrb thie already built line. In the presented
concept, no section of the newly created railrodtlb& lost. Thirdly: a two-system tram will
provide access to Warsaw-Mokotéw in a time shdrjeabout 20-30% compared to the tram
on Putawska Street [1], [36], [42]. Fourthly, tiéroduction of trams to the railway line No. 8
(and so planned to be expanded to four tracks)refllace the construction of a tram route
parallel to it, almost 10 km long.

The further development of the system is basedhermssumption of the integration of
various means of rail transport. In particular, sidaptation to regular passenger transport was
planned for the railway lines that are not usedthiis purpose today: standard-gauge railway
no. 937 (Siding to EC "Siekierki") and the Piasdska Narrow-Gauge Railway.

In both cases, a gradual adaptation of the infregire and development of
connections was proposed, starting with the intctidn of a light diesel rolling stock and the
organization of convenient transfers to a doubkesy tram and SKM trains. Ultimately, the
lines will create a coherent system of integrateldand tram transport.

The proposed model of rail transport in the southéand of the Warsaw
agglomeration may be the starting model for semg@ther parts of the Warsaw Metropolitan
Area and other urban regions. The presented conediptequire further detailed analyzes
and pre-design works and, first of all, inclusiarpiart or in whole into strategic documents of
local governments and municipalities of Piaseczihe, capital city of Warsaw and the
Mazowieckie Voivodeship.
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