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Abstract 

For the scientific research of ship arrivals and passage thгoнgh а strait, tl1e 
queuiлg theoгy сап Ье used. The leпgth of waitiпg iп liпe (queue) depends оп 
the пшnЬег of custoшeгs (the propo1iioп of aпiva1), the peгiod of service, the 
пuшЪеr of service channels seгving, and the service discipline. 

lstanЪul Strait is 011е of tJ1e шost cгowded алd potential ly dangeгous 

wateгways iл the woгld. Its naпow алd wiпdiпg shape, along with stгong sшface 
and counter deep wateг sea curreпts hinders navigatioп. lп tl1is рарег, а queuiпg 
люdе] of шaгitiшe traffic iп the lstaлbul St1·ait is preseпted. For this purpose the 
passiпg of tankers алd other sblps are used as exaшples fог the шоnо service 
chanлel. For the data taken betweeп tl1e уеагs 1996-2000, caiculations are шаdе 
according to the criteria that а tалkег is поt allowed to eпter tl1e strait wl1ile 
aпotl1er опе is passiлg thгough. Also Ьу usiлg the sаше шethod, tl1e traftic 
deпsity is aпalyzed for si1ips otl1er thaп taпkeгs. 

1 Introduction 

Т11е Stгait of' lstaпbul, connectiлg the Вlack Sea to the Аеgеап Sea, is опе 
of' the шajor tгade aiieгies iл the woгld with ап aveгage of 136 traпsits а day, 
secoпd to tl1e Straits of Malacca. 
The Montгeux Сопvепtiоп of J 936 as it relates to t11e 1·egiшe of tl1e Tuгkis11 
Stгaits, establishes fгееdош of passage апd navigatioп witl1 certaiп foпnalities 
fог шегс}1аnt vessels of any flag апd with any kind of' cargo, Ьу day and Ьу 
night, апd the Stгait is kept open fог shippiлg tгaffic. Непсе the lstaпbul St1·ait 
(Bosphoгus) seгves as an inteгnational seaway of есопошiс апd stгategic 
iшportaпce. 

bue to angular windings, traпsit shoppiпg either way requires at least 
twelve шаjог course alteгations as nшch as 80°, with seveгely liшited visioп 
агоuлd these Ьепds. 
Geograpi1ica1 and oceaпographic conditioпs as well as navigatioпal constгaiпts 
are the шain paraшeteгs шaking the navigatioп thгougl1 difficult апd гisky. 

Additioпally, siлce passage througl1 the Stгait entails а гuл Ъу about 17 лautical 
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miles all the way and takes almost two hours, utmost vigilance is necessary in
order to maintain safe standards of navigation and to conduct vessels (Akten,
2006).

Increased shipping traffic through the narrow Istanbul Strait (Bosphorus)
has heightened fears of a major accident that could have serious environmental
consequences and endanger the health of the 12 million residents of Istanbul that
live on either side of the Straits. The Straits have witnessed an increase in
shipping traffic since the end of the Cold War to the point that around 50,000
vessels per year (nearly one every 10 minutes) now pass through them. Around
one-tenth of these are crude oil or liquefied natural gas tankers (Oguzulgen , S.
1994). This increased congestion has led to a growing number of accidents;
between 1988 and 1992, there were 155 collisions in the Straits (Guler N. and
Poyraz O., 1997)

In March 1994, the tanker Nassia,co\lided with the dry bulk carrier
Shipbroker in the Strait of Istanbul. Burning and spilling its cargo of crude oil,
the Nassia drifted perilously close to the European side before the Turkish
authorities managed to tow the flaming wreck into the Black Sea.

Thirty seamen were killed in the accident, shipping through the Istanbul
Strait was interrupted for seven days and over 500 vessels had to wait for
passage. In May of the same year, the Turkish government issued a declaration
that, beginning 1 July, Turkey would exercise certain supervisory powers over
shipping in the Straits ( Istanbul Strait Maritime Traffic Regulations, 1994).
Turkey's case here is not that it is exercising powers it did not have previously,
but merely tailoring international standards and norms to the Turkish Straits (
Guclu, Y. ,2001).

Briefly, the new rules were to be as follows:
1. Ships with dangerous cargoes should inform the Turkish authorities of their
intention to pass through the Straits twenty-four hours in advance, and while
they were in passage, no other ship would be allowed to pass through the Straits.
2. Ships using the Straits should abide by the report systems, traffic control
measures and traffic separation schemes put in place by the Turkish authorities.
3. Speed would be limited to 10 knots, overtaking would be forbidden and
vessel height would be sensibly limited to 190 feet because of the two
suspension bridges north of Istanbul.
4. Turkey reserved the right to close the Straits temporarily while fire fighting,
sounding, sports and scientific activities, rescue operations or anti-pollution
projects were going on.

2 The modeling of Istanbul Strait for a single server, single
queue

The subject of queuing theory can be described as follows: consider a
service center and a population of customers, which at some times enter the
service center in order to obtain service. It is often the case that the service
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center can only serve a limited number of customers. If a new customer arrives
and the service is exhausted, he enters a waiting line and waits until the service
facility becomes available (Willig, 1999).

The maximum number of tankers that can cross the Istanbul Strait ( the
capacity of the Bosphorus) can be found by using a First in First Out (FIFO)
queuing model, with a single server, single queue and infinite a arrivals( Lee,
1966) (Gross and Harris 1974).

The maximumnumber of tankers that can pass should be calculated
according to regulations. According to the regulations, the maximum speed of
the tankers is 10.0 nm (18.5 km/h), and if a large ship with dangerous load
(length is greater than 1 50 m) enter the Istanbul Strait, (Bosphorus) another ship
with the same specifications cannot enter the Istanbul Strait. Since the data for
ship length is not available and taking into consideration the heavy tanker
traffic, all tankers are considered to be a large ship. Additionally, the ferry and
boat traffic on the Istanbul Strait is not taken into consideration: (Simsek,
2003)

1 day: 1440 minutes
Length of Istanbul Strait : 16 miles = 160 gomina
Speed of Ship: 10 mph = 100 gomina/hr
The time it takes for a tanker to leave the Istanbul Strait: t
t=l60/100 = 1.6 hours = 96 minutes

The number of tankers that cross the Istanbul Strait are given in the tables 1 and
2.

Table 1. Number of tankers and other ships that crossed the Istanbul
Strait in 1996- 1998 (source: Turkish pilots organization)

1 9 9 6 1 9 9 7 1 9 9 8

T a n k e r s O th e r sT o ta l T a n k e r sO th  e rs T o ta l T a n k e rs O th  e r s T o ta l

a n u a r y 3 3 6   3 2 5 5  3 5 9 1 3 3 7   3 2 14  3 5 5 1 3 9 7   3 5 5 0  3 9 4 7

F e b ru a ry 3 2 4   2 8 3 4  3 1 5 8 3 2 9   3 0 6 2  3 3 9 1 3 4 5   3 3 0 2  3 6 4 7

a r c h 3 8 0   3 5 3 4  3 9 1 4 3 5 7   3 8 5 0  4 2 0 7 3 7 8   3 5 6 7  3 9 4 5

p r il 3 0 0   3 7 9 4  4 0 9 4 3 5 1   3 4 2 8  3 7 7 9 3 6 4   3 5 5 3  3 9 1 7

M a y 3 7 7   4 3 4 4  4 7 2 1 3 8 1   4 4 3 2  4 8 1 3 4 0   4 0 1 9  4 4 5 9

u n e 3 4 7   3 8 1 3  4 1 6 0 3 6 5   4 3 2 5  4 6 9 0 5 6   3 8 3 7  4 2 9 3
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1996 1997 1998

T ankersO th ersT otal T an kersO thersT otal T ankersO th ersT otal

July 382  3933 4 3 15 363  4 375 4738 69  3969 443 8

A ugu st 355  4340 4 695 08  4003 44 11 4 9  3778 422 7

S eptem ber 357  4007 4364 3 62  39 10 4272 33  3736 4 169

O ctober 368  4 159 4527 3 86  3792 4 17 8 526  39 10 44 36

ovem b er 02  4046 4448 34 3  438 1 4 724 38  3453 389 1

D ecem ber 320  364 5 3965 32 1  3867 4 188 47  34 88 3935

T otal 248 4 5704 49952 303 46639 50942 5 142 44 162 49304

M onth . A ver.354  3 808 4 162 359  3886 4245 29  3680 4 109

D aily A v er. 12   12 5  137 12   130 142 14   12 3 137

Table 2. Number of tankers and other ships that crossed the Istanbul
Strait in 1999, 2000 (source: Turkish pilots organization)

1 9 9 9 2 0 0 0

a n k e r so th e r  T o ta l a n k e rs  o th e r  to ta l

a n  u a ry 3 1 8   3 2 5 6  3 5 7 4 3 8 4   2 9 0 0  3 2 8 4
F  e b ru a ry 9 9   3 1 9 3  3 4 9 2 3 4 5   3 0 5 2  3 3 9 7
M a r c h 3 8 1   3 7 1 5  4 0 9 6 3 6 8   3 5 4 0  3 9 0 8

A p r il 3 6 0   3 8 4 2  4 2 0 2 2 5   3 7 9 4  4 2 1 9

a y 5 5   4 0 7 3  4 5 2 8 3 5   3 6 9 2  4 12 7

J u n e 0 1   3 9 5 5  4 3 5 6 6 0   3 7 3 1   4 1 9 1
J u ly 3 8 2   3 7 9 8  4 1 8 0 8 2   3 7 6 7  4 2 4 9

A u g u st 3 7 4   3 6 4 8  4 0 2 2 4 8   3 8 2 0  4 2 6 8
S e p te m b e r 3 7 6  3 5 4 0  3 9 1 6 0 3   3 6 5 2  4 0 5 5

O c to b e r 0 7   3 6 7 0  4 0 7 7 3 8 3   3 6 6 0  4 0 4 3

[N o v e m b e r 3 3 1   3 3 6 7  3 6 9 8 2 5   3 9 2 4  4 3 4 9
D e c e m b e r 3 6 8   3 3 9 7  3 7 6 5 3 7 9   3 6 1 0  3 9 8 9
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1999 2 000

ankersother T otal ankers other total

T otal 452 434544 7906 937 4 3142 4 8079

M onthly average 37 1  362 1 3992 ll  3596 4 007

D aily average
12  12 1 133 14   120  134

Calculating the average number of arrivals for tankers in 1996:

1440
fd= =15 tanker /day; X = 12 tanker/day

The expected number of tankers in the system: L
The expected number of tanker in queue: Lq
Average time spent per tanker in the system (Istanbul Strait ): W
Average time spent per tanker in queue: Wq
The probability of there being no tankers in the system (Istanbul Strait ): PO

At any given moment, there can be 1 or 0 tankers in the Istanbul Strait
since according to regulations when a ship carrying dangerous loads enters the
Istanbul Strait there cannot be another ship of the same characteristics.
Therefore there can be a maximumof 1 tanker on the Istanbul Strait. This
probability can be found to be Pi = % 80.

The expected number of tankers to cross the Istanbul Strait : Lb
Using the formulas above, calculations have been made for years 1996,

1997, 1998, 1999 and 2000 and the results can be found in Table 3. As can be
seen in the table, the percent capacity used of the Istanbul Strait for tanker
crossing is 80-93%, and the ratio of the Istanbul Strait being unused is 7-20%.
The number of tankers in queue is between 3.2 - 13, and the time that tankers
waitin queue is between 8 - 24 hours. In 1996 4248, and in 2000 4937tankers
crossed the Istanbul Strait.

The number of tankers crossing shows that the tanker traffic on the Istanbul
Strait is increasing. Taking into consideration factors like the increase in number
of tankers , the traffic of ferries and boats that have been ignored in this
research, and also weather conditions which lead to the Istanbul Strait being
closed to tanker traffic, the capacity of the Istanbul Strait should be increased.
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Table 3. Calculation results for the tankers crossing the Bosporus between
the years 1996-2000

X

19 9 6  19 9 7   19 9 8   19 9 9   2 0 0 0

12    12     14     12     1 4

L

u

  14  14

3 ,2 3 ,2 13 3 ,2 13

W (h o u r) 2 4           2 4

W e/h o ur) 6 ,5   6 ,5   2 4    6 ,5   2 4

P o 0 %  2 0 %   7 %    2 0 %   7 %

3 An example application of the model for Other Ships

The maximum number of ships that can cross the Istanbul Strait (the
capacity of the Bosphorus) can be found by using a First in First Out (FIFO)
queuing model, with a single server, single queue and infinite arrivals.
According to the regulations, the maximum speed of the tankers is 10.0 nm
(18.5 km/h),and the distance between the ships should be kept 8 gomina ( 1
gomina =185 meter ). The ships cannot pass each other.
The other intercity maritime traffic like boats and ships are neglected.

1 day: 1440 minutes

The length of Istanbul Strait : 16 mil = 160 gomina

Vesselspeed : 10mile/h= 100gomina/h

The distance between two ships : 8 gomina

The duration for a vessel to leave Istanbul Strait: (t)
t= 160/100= 1.6hour=96minutes

The number of maximum vessels that can exist in the Strait at any time:
(S)

S = 160/8 =20 vessels
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The number of vessels that can pass the Strait without any restrictions:
(N)

N = (1440/96) x 20 = 300vessels

If the duration of a vessel entering the Strait and leaving the Strait (96
minutes) is taken as a period, than total number of the periods in a day are: (T)

T= 1440/96 = 15 period

Without any restrictions 300 ships can pass the strait to the north in a day.
The data given in the tables are the total number of ships that pass the strait both
in north and south directions. A loaded ship that passes to the north will come
back to the south after unloading its cargo. For this reason the number of ships
that pass the strait in the north and south directions are agreed to be equal in
number.

When the calculations are carried out for the year 1996, since 20 ships can
pass every 96 minutes;

(1440/96) x 20 = 300 ships /day can pass.
/u =300 ships /day

X = 63 ships/day

Expected number of ships that exists in the system : L
L *

ju-A

63
L=

300-63

L = 0.27 ship

Expected number of ships in the queue (Lq)

L
.£

* V(M-A)

6 °2

I = =0.06ship
(/ 300(300-63)

Average time per ship spent in the system (In the strait): (W)
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w=

1 1

à"=0.004 day=0.1 hour= 6 minutes
jLi-X 300-63

Average time per ship spent in the queue (Wq)

2 f\ ^i
W n= = =0,001 day=0,02hour= 1 minute

" juijU-A) 300(300-63)

The probability that no ship exists in the system (In the strait) : Po

P 0=l--=1-- =0,79=%79
0 fi 300

The expected number of ships that pass through the Strait: (Lb)

Lb=(L-Lq)T=(0,27-0,06) 15 =3 ships

By using the above formulas the calculations are made for the years 1996, 1997,
1998, 1999, 2000. The results are tabulated in the table 4.

Table 4. The results of the calculations for the ships other than tankers
for the years 1996-2000

1 9 9 6  1 9 9 7   1 99 8   1 99 9   2 00 0

X 6 3   6 5     6 2    6 7    6 7

L 0 ,2 7  0 ,2 7   0 ,2 7   0 ,2 9   0 ,2 9

u 0 ,0 6  0 ,0 6   0 ,0 6   0 ,0 6   0 ,0 6

W (h o u r) 0 ,1  0 ,1    0 ,1    0 ,1    0 ,1

W q(h ou r) ),0 2  0 ,0 2   0 ,0 2   0 ,0 2   0 ,0 2

P o 0 ,7 9  0 ,7 8   0 ,7 9   0 ,7 7   0 ,7 7
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4 Conclusion

In this paper the passing of tankers and other ships through the Istanbul
Strait have been used as examples for the model of single service channel.

In the light of obtained results for the years 1996-2000, it is observed that
there is dense traffic in the straight and the number of tankers passing through
the straight has been increasing. The calculations related with tables 1 and 2
might indicate that passage of more than one tanker might be possible.

As can be understood from the table 4, the ship passage rate is between 21-
23%. The queuing time for the ships is short. The traffic to the north is not very
dense.

All the calculations and results are the outcome of the data related with
1996-2000. To give a more actual interpretation, new data and other methods
might be used.
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