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Abstract

Considering today's conditions, people prefer to live in cities as a result of social, political, cultural and most importantly technological developments.
Therefore, the population rate of cities is increasing day by day. Due to the traffic distress experienced in urban transportation, it becomes necessity to
use the public transportation vehicles which are less harmful, more noise-free, more comfortable, faster and safer. The city of Usak is one of the cities
that are constantly developing and growing as well as it is receiving immigration from the surrounding provinces. This increase results as raises traffic
problems in Usak city. The aim of this paper is to determine the route of tram system, design of tram stops and evaluate solutions with the tram
systems to the problems experienced in traffic between Usak city and Usak University campus. Besides, the general characteristics of route between

Usak city and Usak University campus are mentioned and the necessity of the tram system design project for Usak has been emphasized
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Tramvay Durak Tasarimlarinin Planlanmasi: Usak Universitesi (")rnegi
Oz

Giiniimiiz kosullar1 goz oniinde bulunduruldugunda sosyal, siyasal, kiiltiirel ve en onemlisi teknolojik gelismeler neticesinde insanlar kentlerde
yasamay1 daha ¢ok tercih etmektedir. Kent i¢i ulagimda yasanan trafik sikintilari sebebiyle kullanicilarin ihtiyaglari goz 6niinde bulundurularak
tasarlanmis ¢evreye daha az zarar veren, daha giiriiltiisiiz ¢alisan, konforu yiiksek, daha hizli ve daha giivenli toplu tasima araglarinin kullaniimasi
zorunlu hale gelmektedir. Usak ili siirekli gelisen ve biiyiiyen, disaridan gd¢ alan sehirlerden biridir. Bu artis beraberinde Usak ilinde de trafik
sorunlarin1 giindeme getirmekte ve trafik akisi zor hale gelmektedir. Bu ¢aligmanin amaci; tramvay sistemi giizergahini belirlemek, tramvay
duraklarmin tasarimini yapmak ve tramvay sistemleri ile Usak sehri ve Usak Universitesi kampiisii arasindaki trafikte yasanan sorunlara yonelik
coziimleri degerlendirmektir. Ayrica, caligma sonuglarinda Usak sehri ile Usak Universitesi kampiisii arasindaki yolun genel 6zelliklerinden

bahsedilmekte ve Usak tramvay sistemi projesinin gerekliligi vurgulanmaktadir.

Anahtar Kelimeler: Ulastirma, trafik problemleri, tramvay sistemi, tasarim, tramvay duragi.
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1. Introduction

The city of Usak is located on the Ankara-1zmir highway in the Aegean Region. Usak is a developed and
developing city in terms of industry. Depending on this development, continuous external migration is taken. In
addition, the number of students increases with the presence of Usak University in the city. Depending on all these
conditions, the number of people living in the city is increasing every year. Traffic problems have occurred accordingly.
In addition, buses that provide transportation within the city cannot meet the passenger demand at the desired level. All
these problems are planned to be solved by tram system for Usak.

Rail systems are applied on the rail or hanging on the rail, with stations on the route [1]. These systems
respond to passenger demands faster, more economically and more effectively. Rail public transportation systems
consist of 4 main systems: trams, light rail systems, subways and suburban trains [2].

Trams run on rails, can use the same route as road traffic, electrical energy to operate, is usually used for close
distances is a public transport system [3]. The system has a width between 2200-2650 mm. The length of the vehicles
varies between 14-21 m. The maximum length of the station is 60 m. [4]. The maximum speed of the trams is 50 km / h
and the operating speeds are 30 km / h. [4].

Light rail systems are the state of the classic trolley, which is controlled by a driver and is controlled by
passengers. Rail clearance is 1435 mm. Distance between stations varies between 600-1000 m. Maximum speeds are 80
km / h. The vehicle width is 2650 mm. [5].

Metros can reach high speeds, full protection, with driver or driverless is a public transportation system that
provides the transportation [6]. Ray openings are generally 1435 mm., width is between 2650-3150 mm. Besides,
station lengths are approximately 200 m. [7].

Suburban trains are a public transportation system that has similarities with the subway system as well as the
size of the vehicles and the distances between the stations are higher than other systems, serve at longer distances [8].

When all these rail public transportation systems were examined, it was decided to implement the tram system
for the city of Usak. For the tram system, a route which is used by a city intensively is determined. The stations are
placed on this route. The requirements of the Tram Design Criteria Manual published by the General Directorate of
Infrastructure Investments in 2011 should be complied with in the design of the tramway project [8].

The route of the planned tram line has the same route with the Ankara-lzmir highway, which is used
extensively by people living in Usak. Due to the presence of shops, dwellings, government offices, hospitals,
universities etc. on this highway, traffic on the highway from the passengers in the city is also intense. With the
tramway system, transportation to Usak will be easier, traffic accidents and traffic problems will be minimized and
passengers will reach their destinations faster, safer and more comfortably. In addition, environmental and noise
pollution will be prevented with the tram system [9]. As a result, the best way to meet passenger demands is through the

tram system [10].

2. Research Findings and Discussion

The city of Usak is one of the cities that are constantly developing and growing as well as it is receiving
immigration from the surrounding provinces. This increase results as raises traffic problems in Usak city. The aim of
this paper is to determine the route of tram system, design of tram stops and evaluate solutions with the tram systems to
the problems experienced in traffic between Usak city and Usak University campus.

The passengers living in the city of Usak should use the Ankara-l1zmir road passing through the Usak office to
provide transportation to Usak University, Usak Training and Research Hospital, Usak Airport and Usak Organized
Industrial Zone. The designed tram line also has this route.
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The stations are planned at certain points according to the passenger demands on this route. Usak Tramway

West Line ends at Dortyol starting from Usak University. The red line of the tram line is shown in the Figure 1 below.

Figure 1. The route of west line (Dértyol-Usak University Iine)

The Usak Tramway, which is indicated by a red line, starts at Usak University and ends at 6750 m. So the total
length of the west line is 6750 m. Usak Tramway Western Line is illustrated in Figure 2 by use of Netcad Program
Image.

There are a total of 9 stations on the West Line of Usak Tramway (Platform 1- Platform 9). In addition to these
stations, one line maintenance office area with 7800 m2 was designed in Usak University area. Tram stations are listed
in Table 1. The Autocad Image of Line and Maintenance Offices is shown in Figure 3.

It is thought that the platforms which will be used in the tram lines which are the most intensively used stations
will be university (Platform1) and Dortyol (Platform 9). Then it is expected that there will be a density at the Platform 7
and the Platform 8. In the light of this information, it is planned that the ticketstocks will be on Platform 1, Platform 7,
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Platform 8 and Platform 9. It is predicted that the western line of the tramway will carry 35000 passengers in 2

directions daily.

Table 1. Lists of tram stations at Western Line

Platform
Platform 1
Platform 2
Platform 3
Platform 4
Platform 5

Platform 6

Platform 7

Platform 8

Platform 9

Name of Tram Stations
Universite
Usak Lisesi
Hacikadem Kavsag:
Desan Sitesi
Subasi ve TDV Ogrenci
Yurdu

Huzurpark
Dikilitas ve Otogar
Stadyum ve  Atapark
Kavsagi

Dértyol

Elevation
927.5
888.3
926.9
903.6
888.3

905.7

930.8

930.5

916.1

Initial Km.

0+000
1+350
2+050
2+850
3+450

4+150

5+000

6+185

6+750

End Km.
0+060
1+410
2+110
2+910
3+510

4+210

5+060

6+245

6+810
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Figure 2. The route of west line (Ddrtyol-Usak University line) is illustrated by Netcad Program
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Figure 3. The Autocad Image of line and maintenance office

The project will be based on the Samsun Tramway, which was started to be constructed in 2016, while the cost
is calculated. The reason for taking the base of Samsun Tram is that it is the most similar project in the nearest history.
The total line length of Samsun Tram is 15.7 km and consists of 15 stations and 1 maintenance office. In addition to the
tram line; 1 line maintenance and office area is planned for the route of west line (Dortyol-Usak University line). The
Samsun Tramway is expected to total cost 105 million Euros in 2016 [10]. So the cost of km related to the Samsun
Tramway is 6.69 million Euros.

Hence, the total cost of Usak Tramway Western Line (Usak University-Dértyol is estimated to be 281 million
TL according to 2019 exchange rates. It is expected that 35,000 passengers will travel in 2 directions with the arrival of

the tram. Assuming that Usak Tram passenger ticket costs 1.75 TL, 12.74 years may pay for itself.

3. Results and Suggestions

The traffic problems experienced due to the number of vehicles are increasing due to the population increase.
City buses cannot give the required response to the passenger demand and the rail system applications are implemented
accordingly.

The increase in the number of migrants and the number of students in Usak increased the population density.
Accordingly, traffic problems have occurred and passenger demands have become difficult to meet. In order to find
solutions for all these problems, tram project, which is one of the rail public transportation systems, has been considered
and the design of the western line (Usak University-Dértyol) has been designed.

For the route of the tram line, a route was used intensively by the city of Usak and the stations were placed on
this route. It is foreseen that 3500 passengers will be transported in 2 way in the accounts made due to the existence of
Usak University on the western line of the tram. According to the calculated number of passengers, the system is
calculated to pay off at the end of 12.76 years.

As a result, it is an indication of the feasibility of the project to pay less than 15 years in such large projects

around the world. As Usak Tramway Western Line has less than 15 years to pay, the project is financially feasible.
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Genisletilmis Ozet

Giris

Kentlerde artan nlfus beraberinde bircok sorun meydana getirmektedir. Bu sorunlarm en 6nemlisi niifus
artisina bagl olarak ¢ogalan arag sayisi sebebiyle yasanan trafik problemleridir. Gelisen sehirlerde sehir i¢i otobiisler
yolcu talebine gerekli cevabi verememekte ve buna bagli olarak rayli sistem uygulamalari hayata gegmektedir. Rayli
sistemler ray {izerinde yada raya asili bir bicimde uygulanan, giizergahi lizerinde istasyonlar1 bulunan sistemlerdir. Bu
sistemler yolcu taleplerine daha hizli, daha ekonomik ve daha etkin bir sekilde cevap vermektedir. Rayli toplu tagima
sistemleri tramvaylar, hafif rayli sistemler, metrolar ve banliyd trenleri olmak iizere 4 ana sistemden olugmaktadir.
Tramvaylar raylar iizerinde hareket eden, karayolu trafigi ile ayni yolu kullanabilen, ¢aligmasini elektrik enerjisiyle
gergeklestiren, genellikle yakin mesafeler igin kullanilan bir toplu tagima sistemidir. Tramvay sisteminde araglar 2200-
2650 mm arasi1 genisliklere sahiptir. Araglarin uzunluklari ise 14-21 m arasinda degismektedir. Tramvay sistemlerinde
yapilacak istasyon boylari maksimum 60 m olmalidir. Tramvaylarin maksimum hizlar1 50 km/sa olmakla beraber
isletme hizlari ise 30 km/saattir.

Rayli toplu tagima sistemleri bir arada incelendiginde Usak ili i¢in tramvay sisteminin uygulanmasina karar
verilmistir. Tramvay sistemi i¢i bir sehrin yogun olarak kullandigi bir giizergah belirlenmistir. Bu giizergah Uzerine
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istasyonlar yerlestirilmistir. Tramvay projesini tasariminda Altyapt Yatirimlari Genel Miidiirliigii'niin 2011 yilinda
yayimladig1 Tramvay Tasarim Kriterleri El Kitabi’nda yer alan sartlara uyulmustur.

Yéntem

Usak ili Ege Bolgesi’nde, Ankara-izmir karayolu iizerinde bulunmaktadir. Usak sanayi bakimindan gelismis ve
gelismeye devam eden bir sehirdir. Bu gelismeye bagl olarak siirekli dis gé¢ almaktadir. Ayrica sehirde bulunan Usak
Universitesi’nin varhigiyla beraber 6grenci sayisi1 da her gecen sene artmaktadir. Tiim bu kosullara bagl olarak sehirde
yasayan kisi sayist her gegen sene artmaktadir. Buna bagli olarak trafik problemleri meydana gelmistir. Ayrica sehir ici
ulasimini saglayan otobiisler yolcu taleplerini istenilen seviyede karsilayamamaktadir. Usak ili i¢in tiim bu sorunlarin
tramvay sistemi ile ¢ozlilmesi planlanmistir. Yapilmasi planlanan tramvay hattinin giizergah1 Usak’ta yasayan
insanlarin yogun olarak kullandiklar1 Ankara-Izmir karayolu ile aymi giizergaha sahiptir. Bu glizergah Gzerinde
diikkanlar, konutlar, devlet dairesi, hastane, liniversite gibi yerler bulunmasindan kaynakli olarak bu karayolu Uizerinde
sehir igindeki yolculardan kaynakli trafik de yogun olarak meydana gelmektedir. Tramvay sistemiyle beraber Usak igin
ulasim kolaylasacak, yasanan trafik kazalari ve trafik sorunlari minimum seviyeye indirilecek, yolcular istedikleri
noktalara daha hizli, daha giivenli ve daha konforlu bir sekilde varacaktirlar. Ayrica tramvay sistemiyle beraber ¢evre
ve giiriiltd kirliliginin de Oniine gecilmis olacaktir. Sonug olarak yolcu taleplerinin en iyi sekilde karsilanmasi tramvay
sistemiyle olacaktir.

Sonuglar ve Tartisma

Tramvay hattinin giizergahi i¢in Usak ilinin yogun olarak kullandigi bir giizergah segilip ve bu gilizergah
iizerine istasyonlar yerlestirilmistir. Tramvaym bati hatt1 iizerinde Usak Universitesi’nin varhgindan kaynakli olarak
yapilan hesaplarda giinliik 2 yonlii olarak 3500 yolcunun tagmacagi 6ngoriilmustiir. Hesaplanan yolcu sayma gore,
Samsun Tramvayir km maliyeti baz alinarak toplam maliyet belirlenmistir ve 12,76 senede sistemin kendini amorti
edecegi hesaplanmuistir.

Sonug olarak diinya genelin yapilan boyle biiylik projelerde sistemin kendisini 15 yildan kisa bir amorti etmesi
projenin uygulanabilirliginin bir gostergesidir. Usak Tramvay1 Bati Hattinin amorti siiresi 15 yildan kisa bir siire oldugu
i¢in projenin mali agidan gergeklestirilebilirdir.
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