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Build–operate–transfer (BOT) model is extensively used by many governments throughout the world for the realization of large-scale transportation projects. As a rapidly developing economy, Turkey is also increasingly referring to the use of the project finance model for delivering large-scale transport, energy and healthcare projects. Istanbul, located between Asia and europe, is one of the most important economic centres of the country. Based on this model, rapid urbanization and population growth are taking place in the city. Growing concerns over the insufficiency of the existing two bridges in meeting the traffic demands of cross-continental transport in Istanbul have urged central and local governments to find a solution for the traffic congestion problem. As a result, the government of Turkey has announced plans for building a new bridge to connect the european and Asian sides in early 2011. The construction of the new Bosphorus Strait Crossing Project which has started in 2012 is expected to be completed by 2015. however, since its launch, the project faced many diverse challenges such as delayed tendering, legal disputes, financial problems and social opposition. This study aims at exploring the problems experienced and the solutions developed as a response to these problems in the implementation and management of the third Bosphorus Bridge and the Northern Marmara Motorway Project using a case study approach. To achieve this objective, necessary data regarding the tendering process were collected from various sources. The conclusion provided at the end of this case study is expected to enhance our understanding of the use of BOT model for transport projects and risk allocation between different actors. Both public and private sector participants that are involved in delivering transport projects using the BOT model may benefit from the findings of this study. 
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1 INTrODUCTION

Istanbul is the most populated and economically important city in Turkey, which is located between two continents, europe and Asia. The city is known by its notable Bosphorus Strait which connects the Black Sea in the north to the southern seas (Marmara, Aegean and finally the Mediterranean) and also Asia to europe. Thus, the Bosphorus Strait is considered to be world’s one of the most important sea and land transport centres. 

The oldest idea in building a connection between two continents dates back to the Persian king Darius, who crossed his army from the Strait by a bridge made of boats. Since then, a variety of different ideas were put forward, especially in the last century of the Ottoman empire (1800s) such as the hamidian Bridge and several Tunnel projects. however, only in 1973, the first connection between the two continents could be established by the completion of the first Bosphorus Bridge. Later in 1988, the second bridge was constructed in approximately 5  km north of the first bridge. Upon realization of the insufficiency of these two bridges in overcoming the traffic congestion problem, the Marmaray rail Tube Tunnel Project was also launched (see Gundes and ergonul [1]) and entered into service in 2013. In addition, the construction work is going on to complete the Avrasya highway tube tunnel which has started to be realized with the build–operate–transfer (BOT) model in 2011. 
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The accelerated population growth in the city, which by now amounts to approximately 14 

million, consequently caused the physical boundaries to grow outwards. The salient growth in particular towards north and the continuing traffic congestion problem in the two bridges fostered interest in the construction of a third bridge in the northernmost point of the Bosphorus Strait. In 1997, 9 years after the completion of the second bridge, the Ministry of Construction has announced its plans to build a new bridge on Bosphorus Strait. however, studies were accelerated only after 2004 when the current government announced that they were reconsidering its construction. Finally, in 2011, the third bridge and connection highways project was opened to tender using the BOT model. however, a variety of problems became evident from the beginning. Preliminary concerns raised about the project were the controversial location of the bridge and the route of the connection highways as the selected region is characterized by forests recognized as the ‘lungs of the city’ and watersheds. Concerns surrounding the project were not only limited to environmental issues. As the project started to evolve, several other problems regarding the organizational, financial and risk allocation structure emerged. All these challenges necessitated major alterations to the scope and structuring of the BOT project. 

This study explores the organizational, financial, economic, social and environmental challenges experienced in the realization of the third Bosphorus Bridge and the Northern Marmara Motorway Project using a case study approach. According to Proverbs and Gameson 

[2], the case study research is highly relevant to those industries that are project based and have many different types of organizations. As the use of case studies as a research method provides ‘a source of insights and ideas in the early stages of investigating a topic’ (Fellows and Liu [3]), and thus expands existing knowledge, it is highly important for future research. 

The necessary data regarding the tendering process were collected from articles, archives, interviews and briefings of associated institutions in both public and private sector. In this concept, emphasis was given to the use of BOT model and the allocation of risks between private and public sectors. The next section provides a brief overview of the location and technical structuring of the project. 

1.1  Background of the project

Today, Istanbul’s population has reached 14 million and there are approximately 3 million vehicles. Considering the transit pass through the city, it is estimated that everyday approximately 15 million people travel on roads and highways. Despite efforts to expand railway and sea transport in the city, roads and highways still carry 87% of traffic load. Consequently, while the daily capacity of the existing bridges is 250,000, approximately 600,000 vehicles cross the bridges connecting the two continents. Therefore, the first aim of the project was to tackle the traffic congestion problem and to establish the more secure highway infrastructure in the Marmara region. Accordingly, the project further aims to minimize the economic loss resulting from long travel times in the city and the corresponding high levels of fuel con-sumption, to reduce emissions and noise, and to enable an interrupted transit freight between the two continents. 

After many alterations to the project scope which will further be examined, the final project included the construction of a highway passing through the northern part of Istanbul and of a bridge connecting the two continents between Garipce and Poyrazkoy. In this concept, 60 km of highway (2 × 4 lanes), 35 km of connecting roads (2 × 4 lanes) and a 2,164 m long bridge (2 × 4 motorway and 2 × 1 railway) will be built. 

[image: Image 1]
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As shown in Figure 1, the route of the project is designed to be connected to several existing and ongoing motorway and bridge investments. These include connections to the existing Trans-european Motorway and to the ongoing BOT Gebze Izmir Motorway Project involving the Izmit Bay Bridge. Furthermore, the project will also provide a connection to the Tekirdag, Canakkale and Balikesir Motorways. All these investments enable Istanbul to connect to the southern regions of the country. 

A high interconnectedness is also planned for the railway system on the bridge and the existing infrastructure investments in the city. In this concept, connections to Marmaray and the current subway lines are expected to link the old Atatürk airport in the european side, Sabiha Gokcen airport in the Asian side and the ongoing third airport. however, perhaps the most important project that the third Bosphorus Bridge and the Northern Marmara Motorway interacts is the ongoing third airport for Istanbul. The BOT airport project will be the largest airport in the world when completed in 2017. Figure 1 shows the location of the new mega airport project and its connection to the Northern Marmara Motorway. 

The first tender was opened in 2011. however, no bids were submitted in the first tender as the perceived risks of private investors were very high. The failure in the first tender was a turning point for the scope and risk allocation structure of the project. Therefore, the challenges and the ways of which these problems are dealt with are discussed in detail in the next section. The date of the second tender was 20 April 2012 (Anadolu Ajansı [5]). Tables 1 and 2 

show the names and country origins of companies that have purchased tender documents for the first and second bidding of the project. As shown in Tables 1 and 2, while 18 firms including nine foreign firms purchased documents in the first tender, only three foreign and eight Turkish firms have expressed interest in the second tender. Therefore, it can be stated that the interest of foreign firms for the project has significantly decreased after the project scope was narrowed. 
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Table 1:   Companies that have purchased tender documents for the first bidding. 

No

Company

Origin

1

Stradag

Germany

2

FCC Construction

Spain

3

Astaldi

Italy

4

Obayashi

Japan

5

Mitsubishi

Japan

6

Itochu

Japan

7

IhI

Japan

8

Moskovskiy Metrostroy

russia

9

OOO NPO Mostovik

russia

10

Mapa Construction

Turkey

11

Cengiz Construction

Turkey

12

Park holding

Turkey

13

Varyap

Turkey

14

Yuksel Construction

Turkey

15

kolin Construction

Turkey

16

Nurol Construction

Turkey

17

STFA

Turkey

18

Gulsan Construction

Turkey

Table 2:   Companies that have purchased tender documents for the second bidding. 

No

Company

Origin

1

Astaldi

Italy

2

Salini

Italy

3

POSCO e&C

S. korea

4

Mapa Construction

Turkey

5

Cengiz Construction

Turkey

6

Park holding

Turkey

7

STFA

Turkey

8

Guris Construction

Turkey

9

Atli Machine Const. 

Turkey

10

Yapi Merkezi

Turkey

11

Alsim Alarko

Turkey
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No

Company

Origin

Status

1

Salini-Gulermak JV

Italy–Turkey

Accepted

2

Ictas-Astaldi JV

Italy–Turkey

Accepted

3

China Communications Construction- 

China–Turkey

rejected (missing 

Dogus-Yapi Merkezi-Arkon JV

document)

4

MAPA Construction

Turkey

rejected (technical 

incompetence)

5

Cengiz-kolin-Limak-Makyol- 

Turkey

Accepted

kalyon JV

Table 3 shows the names of the five joint ventures and companies that have submitted bids in the second tender. The application of the joint venture led by China Communications Construction (no. 3) was rejected from the start due to missing documents in the bidding file. 

The technical competence of bidders was then evaluated using a point scoring system out of a maximum of 100 points. Three joint ventures, namely Salini-Gulermak, Ictas-Astaldi and Cengiz-kolin-Limak-Makyol-kalyon, were able to pass the required 70 points in the evaluation of technical competence. 

Finally, evaluations were completed and the successful bidder was announced on 29 May 2012. Ictas Insaat Sanayi Ticaret AS-Astaldi JV (ICA) won the tender with a concession period of 10 years, 2 months and 20 days. The construction would be completed in 36 months with a cost of approximately 2.9 billion US dollars. Therefore, the duration of the operation by the JV is approximately 7 years. The second bidder Cengiz-kolin-Limak-Makyol-kalyon JV proposed a concession duration of 14 years, 9 months and 19 days which is approximately 40% longer than the winning bid (Anadolu Ajansı [6]). 

The due date for the commencement of construction works was fixed in the contract specifications; therefore, the ministry announced that the winning bidder was obliged to start construction works with equity even if the required funds could not be obtained on time from financial institutions (CNN Türk [7]). The construction of works has started in 2012 after the second tender and will be completed in 2015. The concessionaire will operate the bridge and highways for approximately 7 years, and the infrastructure will then be transferred to Turkish government at the end of the concession period. 

1.2  Organizational structure

The project company, ICA joint venture, comprises two groups of shareholders including Turkey-based IC Ictas which holds 66.6% of shares, and Italy-based Astaldi which holds the remaining 33.3%. These two groups also have previously formed a joint venture for the realization of the West high Speed Diameter Project in russia and the new airport of St. Petersburg. 

The French structural engineer Dr. Michel Virlogeux and the Swiss T-engineering have jointly assumed the conceptual design of the project. Belgian Greisch (structural calculations and construction methods), Temelsu International engineering Services Inc. (Turkey), Swiss 
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Lombardi Ltd. (evaluating the thermal behaviour of the bridge’s tower shafts and approach slabs due to concrete pouring), French CSTB (aerodynamic performance), Dutch Fugro (foun-dation design) and SeTeC (design control) have also contributed to the design of the bridge. 

The construction contract for the bridge was awarded to the joint venture comprising South korea-based hyundai e&C and Sk e&C with shares of 60% and 40%, respectively. The contract that was signed on July 2013 valued 697 million dollars (Construction Week [8]). 

1.3  Financial structure

Total project cost is approximately 2.9 billion US dollars. Debt to equity ratio is 80/20. 

Six local banks, namely Garanti Bankasi, AS (366 million US dollars), halk Bankasi AS, I˙s Bankasi AS, Vakiflar Bankasi TAO, Ziraat Bankasi AS and Yapi ve kredi Bankası AS 

(386 million US dollars each), and one Netherlands based bank Garantibank International NV (20 million US dollars) agreed to underwrite the 2.3 billion loan. The loans provided by banks have a maturity of 9 years and 5 months. Therefore, the repayment is planned to be completed on 5 March 2023. 

The remaining 600 million US dollars is provided as equity by the two shareholders in the project company. According to contract specifications, the project company is obliged to start construction works in 6 months after signing of the contract. however, ICA JV has started construction in September 2012, before the due date, using 581 million US dollars of equity. 

In accordance with the respective shares of 66.6% and 33.3% of the two companies in the joint venture, 387.33 million US dollars of the equity is provided by IC Ictas and the remaining 193.67 million US dollars is provided by Astaldi. 

A notable feature of financial agreements was the small amount of foreign funding despite the wide range of government guarantees and special rights provided to the project. Indeed, the use of local capital markets in financing private toll road projects is a preferred option for many projects worldwide. Fishbein and Barbar [9] provide several reasons for the recourse to local finance in toll road projects. First, foreign exchange risks can be mitigated by the use of local capital as the currency of toll revenues generated by the project and the debt service will be the same. Second, financial negotiations will be easier as local financial institutions with a better understanding of the local context are more willing to assume economic and political risks. Third, raw materials and other inputs required in the construction of toll road projects can generally be provided locally. Therefore, there is no need to fund construction costs in a foreign currency. 

Although the majority of banks in the third bridge and Northern Marmara Motorway Project were local, the loans were obtained in foreign currency. Foreign exchange risks were mitigated through toll payments based in the same currency [e.g. bridge: 3 US dollars + VAT 

(cars), 15 US dollars + VAT (heavy vehicles); highways: 0.08 dollars/km]. Therefore, limited ability to attract foreign capital cannot be attributed to foreign exchange risks but to other problems and risks surrounding the project. These are examined in the next section with explanations about the way in which and how the problems are dealt with in our BOT toll road representative case. In this concept, key lessons learned regarding the application of the BOT model for transportation infrastructure are also emphasized. 

2  ChALLeNGeS eNCOUNTereD AND PrOPOSeD SOLUTIONS

In addition to the social and environmental concerns surrounding the project, the tendering process of the new bridge also received heavy criticism from opponents. The first bidding process for the BOT project had to be cancelled as no bids were submitted due to financing 
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 F. Büyükyoran & S. Gündes¸, Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) problems. Thus, the project could only be put to tender again after some important modifications were made to the project and to existing specifications including government guarantees, the scope and several legal arrangements. The remaining part of this section addresses the challenges encountered in the tendering process by examining the differences between two tenders in detail. In this concept, risk allocation between parties and guarantees provided by the public sector will be emphasized in order to clarify how the aforementioned modifications could enable the feasibility of the project for investors. 

2.1  Project scope

As a response to the failure in the first tender, the government displayed determination to realize the project by stating that other procurement models such as the traditional and international agreements could also be considered in case there will be no demand for the BOT model. Indeed, this statement showed the commitment of the government and the importance attached to the realization of the third bridge project. 

First considerations regarded reductions in the scale. The project in the initial tender contained several different major parts that could be considered as subprojects such as highways, a bridge and connection roads. Accordingly, the capital investment in the first tender amounted to approximately 6 billion US dollars. Thus, it is not unexceptional that problems in the provision of finance are encountered as the resulting financial costs were very high. Press statements after the failure in the first tender signalled revisions in the scope and specifications of the project. The first move was to divide the project into two separate subprojects that will be tendered separately in order to reduce the total cost. 

As stated earlier, 299 km of highways, 115 km of connection roads and the bridge were altogether put to first tender. however, in the second tender, the Ministry announced that the bridge, 60 km of highways and 35 km of connection roads would again be realized by the BOT model. The remaining highways and connection roads, on the other hand, would be realized through traditional procurement system. In this way, the project cost was reduced from an estimated 6 to 2.9 billion. US dollars (habertürk [10]). Moreover, this new reduction in the scope would also reduce the construction time from an estimated 5 years and 10 months to 3 years. 

2.2  Market demand (revenue) risks

A major difference between the two tenders concerns revenue risks assumed by investors. 

The investors attributed the lack of bids in the first tender to the difficulty in obtaining finance for the project due to the insufficiency of government guarantees provided (e.g. see hürriyet 

[11], reuters [12]). Minimum traffic volume guarantees provided by the public sector were perceived to be insufficient and the allocation of risks between the public and the private sector was problematic. 

early statements by the General Directorate for highways showed that traffic forecasts were considered to be sufficient to make the project feasible as the existing two bridges worked with overcapacity and the surplus capacity in these bridges could be directed to the new bridge (Sabah [13]). however, opponents still claimed that the new bridge was far away from settlements and thus questioned the attractiveness of the new bridge for citizens. 

In  this respect even the State Planning Organization advocated that traffic forecasts were over-optimistic. Although the canalization of the heavy vehicles to the third bridge was considered, the decision was not statutory. 
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Consequently, several important modifications were made in the minimum traffic guarantees provided by the public sector. In the first tender, the government had agreed to support the project by a minimum traffic guarantee of 100,000 vehicles, whereas the volume was increased to 135,000 vehicles in the second tender. however, unlike other toll road project examples from the world, no ceiling level of traffic demand has been determined. 

The assumption of revenue risks by the public sector was one of the most important moves to make the project feasible for investors. The reason for this is the importance attached to traffic demand or revenue risks in the success of BOT-type toll road projects. Previous experience shows that there is a close relationship between shortness of demand and project failures. For example, many BOT projects in Mexico, hungary and Thailand have failed due to unrealistic assumptions about future traffic demands and the inappropriate revenue risk allocation between the public sector and the private sector (Ashuri et al. [14]). The level of predictability of future traffic demand is the main determinant for setting an appropriate revenue risk allocation structure between the public and the private sector. A project company can generate revenues from a toll road either in the form of direct toll payments from end users or through indirect payments by the contracting authority based on usage. 

high predictability of traffic level increases the attractiveness of projects for financiers as it will be easier to identify whether toll revenues that will be generated from the project will be sufficient to cover debt service. While the market demand can easily be predicted for improvements to existing roads, traffic forecast become more uncertain in new roads such as the Northern Marmara Motorway Project. Generally, the usage risk is transferred to the private sector in case the expected traffic levels can easily be predicted. In the latter case, however, usually the public sector retains market demand risks through minimum traffic or revenue guarantees. 

Increasing minimum traffic guarantees were not the only public sector support that had a positive impact on revenues of the Northern Marmara Project. Another important move to make the project feasible for investors was the announcement of a law about exemption from VAT for BOT projects. New regulation on VAT arrangements allowed a further 18% advan-tage in the costs of investors and increased the attractiveness of the project. 

2.3 expropriation

Another notable difference between the two tenders regards the level of expropriation risks assumed by the private sector. When the call for the first tender was announced, the date was postponed several times mainly due to demands from prospective bidders. In this respect, one of the concerns raised was about the high amount of expropriation costs that would be assumed by the private sector [approximately 950 million Turkish Lira (TL) over a total of 1.6 billion TL]. As a result, the expropriation costs that will be assumed by private investors were gradually reduced from 950 million TL to 700 million TL and finally to 400 million TL 

(1 TL = 1.81 $ in 2012). Despite new demands from investors to further suspend the date, the General Directorate for highways announced that the bidding date for the first tender could not further be postponed. however, the reduction in expropriation costs was not sufficient to increase private interest in the project and consequently no bids were submitted to the first tender, where 18 different groups of investors had purchased tender documents. As a result, the public authority agreed to assume all the costs associated with expropriation in the second tender. In this concept, the government stated that approximately 85% of the property in the route belonged to the public sector and thus the expropriation costs would not be very high (CNN Türk [7]). 
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 F. Büyükyoran & S. Gündes¸, Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) 2.4  environmental impacts and social opposition In the beginning, the project was exempted from performing an environmental Impact Assessment (eIA) report through a modification made in the eIA Ordinance. Undoubtedly, this further complicated the financing process as many financial institutions have strict policies on maximizing positive development impacts and thus do not provide finance for projects that have negative environmental or social impacts. however, it should also be noted that although the project was exempt from performing an eIA report, later the ministry have announced that an eIA report had been prepared as this is a prerequisite in the provision of funds in particular for foreign financial institutions. 

The most striking social oppositions to the Northern Marmara Motorway were shown to the route of the project. An important issue regarding project scope is the altering of the route after the tendering process due to the cancellation of the master plan. In July 2013, many national newspapers reported the cancellation of 1/5,000 master and 1/1,000 implementary development plans (kGM [15]). Several reasons were put forward for this change. First, opponents claimed that the location and the route selected for the project were incorrect as they passed through Belgrade and Fatih Forests. Others claimed that the change in the route was required due to the manifestation of high expropriation costs in the previous route. As a response, ministry authorities decided to continue the route to more northern regions in order to minimize harm to forests. Another alteration was also made on the Asian side of the motorway route in an attempt to protect Polonezkoy National Park (Dünya [16]). however, despite the modifications, opponents further asserted that ‘induced demand’ would be created by the construction of new highways. Arguments centred on the vicious cycle that the construction of new highways would generate new traffic and hence create more demand for yet more roads. The environmental concerns were soon brought to trial. however, the lawsuits against the project opened by professional chambers and non-governmental organizations were not concluded at the time of tender. Therefore, it can be observed that the project was extremely risky for financial institutions that did not want to take the risk of cancellation. 

The alterations made to the project signal weakness in the feasibility phase of the project. 

The feasibility phase of these kinds of mega projects is extremely important. Detailed studies on alternative routes should involve a closer examination and comparative analysis of expropriation costs. The results from this analysis should then be combined with economic, social and environmental impact reports in order to take a decision. 

2.5  Other forms of public guarantees

Finally, it is also important to mention that several other forms of credit guarantees are provided by the Turkish government after the project has been awarded to the ICA JV. One of the significant attempts was the provision of treasury guarantees for the project in 2014. According to the new legislation, only the debt provided by international banks will be assumed by 85% 

of the outstanding debt in case of an early termination of the contract as a consequence of project company default. In other forms of termination such as voluntary termination and force majeure events, the debt assumption commitment covers 100% of outstanding debt. 

3 CONCLUSION

This study intensively tried to focus on the application of the BOT toll road model in practice. 

Although the findings cannot be generalized, the lessons learned offer relevant insights for both private and public sector providers of transportation projects  in Turkey and in other developing countries. 
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Several conclusions can be drawn from the way in which the challenges are dealt with in the realization of the third bridge and Northern Marmara Motorway Project. First, political support in each stage is extremely important. Without the project-specific support provided by the government, the case study project would not be accomplished due to financial problems. 

Second, a clear risk assumption structure by the appropriate partner is imperative for economic viability. revenue risks in BOT toll road projects are of particular importance. In this regard, the predictability of future traffic volume should be the main determinant of risk allocation between private and public sectors. Third, strong political support and the assumption of revenue risks by the public sector may not be sufficient to increase the attractiveness of projects for financial institutions. The case study has shown that despite the strong government support, negative public perception and in particular environmental concerns complicate the financing process. Treasury credit guarantees provided after the tender prove that environmental problems and social oppositions which lead to lawsuits are perceived to be a very important risk factor for financial institutions. The case study once again has demonstrated the strength of interactions between financial and environmental viabilities of projects. Therefore, above all, a comprehensive and integrated assessment of environmental, technical and economic aspects in the feasibility phase and a clear legal structure to base these evaluations are crucial for success not only in BOT toll road projects. 

Consequently, these findings address to structural problems independent from the scope of the case study. Developing countries’ lack of political and economic stability, proper regula-tions and environmental policy are a candidate to encounter identical issues in various kinds of BOT projects (e.g. airports, toll roads, bridges, power plants, etc.). Temporary and political endeavours to solve problems faced off in the context of single project do not work well in long-term outcomes. 
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THE THIRD BOSPHORUS BRIDGE AND THE NORTHERN
MARMARA MOTORWAY PROJECT

 BOYORYORAN &5 GONDES
Dupamenof A, Minar S Fo A Uy, Ty
Dmpatmenof e, Mivas S P A Ui Ty

ABSTRACT
Build-opert-tasfer (BOT)mode i el sed by sy overnents thoughoot he wrkd
for the ealztion o Lge-sse rasporaion poecs. A  apdy dvelopin cconomy. Tkey s
o reasinly el 0 he un of 1he Rt sace oGS o G g Scale e
oy i et proecs.tabol, ot bt A and Esoe. .ok of e st opora
o e of (b Couny. B o s T, apid o 3nd populaion v e
ok place ey, Gowig concens ot (e eIy of o xsing s el i mecing
e e demand f o coninentl ranspor i sl bive rd il ad oal goverenis
o 3ol o e s congeston o A el the onermentof ke s sunced
e o Pudin a e bedge connet e Euopesnand Asanides iy 201 1. The comsrction
o the e Bosphorts St Crssing Prjct whic s stared i 2012 epecod 1 e complt by
5013, Howestinc s amch. th et fced many dives chllcogssoch ¢ ey tndri,
el e, ancisl bl sl oppostion. T sty s 3 xplcng the problens
xperinced ad he soltions dencoped - g o hse problems i h pkerstion )
namagcment o b i Bonporss Brdge snd he Nothern Magmara Motorway Projet i e
tudy appevch.To v his oI, Teessary dta cprin h cnderingproses were colleied
oo vios st Th conclsion eovided a the cnd o (i o sy cxpcid 0 cbce oue
undersunding of th wse of BOT moe for rasport rojects an sk llocaton between dierent
o Both bl d priat sctor st s ol I ern amponprofch i
e BOT model may bene o the iings of s sy

Kerwons: ol operaerames o s, uasotes, ik, toll s, iunsporiaton prject,
Toy

1 INTRODUCTION
Ttanbul s the most populated and economvically mportat iy in Turkey, which s locted
et o continents, Europe and Asia.The iy is known by tsntable Bospborus Suit
‘which conectsthe Black Sea i he ort 0 the southen sas (Mamara, Acgean and fially
the Mediteranesn)and sl Asiato Europe. Thus,the Bosphorus SIrat s considered 10 be
‘workfsone of the most important sea and and trsnsportcemrs,

“The ldest dea i building  connection between two coninents dtesback 0 the Persan
King Darius, who crossed his army from the et by  brdge made of boas, Sinc then,
a variety of Gifferent deas were put forward, especialy in the last century of the Ottoman
Empire (15003 such a5 the Hamidian Bridge and several Tunnel projects. Howeser,
only in 1973, the frst conneeion beten the (o continents couldbe cablished by the
‘completion ofthe first Bosphorus Bridge. Late in 1988, the second bridge was consirucied
i spproximately 5 km norh of the s bridge. Upon realization of the insufciency of
these two brdgesin overcoming the traffc congesion problem, the Marmaray Rail Tube
Tunnel Prject was also launched (see Gundes and Exgonul [1) and enered into service
2013, T additon, the consirction work i £0ing on o complet the Avrasya highway
tube tunnel which his started tobe eslized with the uikd-operst-transer (BOT) model
in2011
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