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NOTATION

A Attained subdivision index

Ay Stress factor

Ap Projection area of propeller

a Factor in the calculation of probabilistic method
ag Buoyancy

B Breadth of ship

BHP brake horse power

BMT Transverse BM

Cp Block coefficient

CML Machinery labour cost

CviM Machinery material cost

CoL Outfit labour cost

ComMm Outfit material cost

Cor Propeller cost

Cs Capital cost

CsL Steel labour cost

CsMm Steel material cost

Css Cost of Stabilizers

CRF Capital recovery factor

D Diameter of propeller

d Draft of ship

Dpik Depth of ship upto the bulkhead deck
Dupper Depth of ship upto uppermost continious deck
DWT Deadweight of ship

EHP Effective horse power

F Factor of subdivision

Fq Mean freeboard
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Fs Safety factor of structure members

Fn Froude Number

GM Metacentric height of ship

H Head at propeller shaft

I Moment of Inertia

INA Moment of Inertia at neutral axis

L Length of ship
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Mp Moment of beam

Mp Moment of plate

Mg Bending moment due to hydrostatic loading

My, Bending moment due to wave loading

My Moment due to shear force

N RPM

Ny Number of persons for whom life boats are
provided

N»o ~ Number of persons including officers and crew that

the ship is permitted to carry in excess of N1

Py Power of ship, Horse Pover

P1 Number of berthed passengers

P2 Number of unberthed passengers

P Axle load |

Pyw Tyre load

P Factor in calculation of probabilistic method
q Load distribution

QPC quasi propulsive efficiency
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SYNOPSIS
This thesis studies the design of passenger and vehicle ferries
and prepares a preliminary design for a passenger and vehicle ferry for

the route between Turkey and Italy serving the ports of Izmir and Trieste.

The design allows a convenient weekly schedule for the round
voyage on a long route over the complete year where seasonal differences
will exist in the expected cargo. Background information on the route and
consideration of existing ferries determined the carrying capacity and the

cargo mix among passengers, cars and commercial vehicles.

Particular attention is given to subdivision and damaged
stability. The calculation is carried out by both the deterministic and by
the probabilistic methods and consideration is given to the relative value

of these methods in ensuring safety.

Different arrangements of vehicle decks are examined and the
relative advantages of longitudinal and transverse framing are explored

by classification society and direct calculation.

The economic analysis is carried out using Western European
capital costs and Turkish operating costs. Income estimates are adjusted

to suit the expected trading pattern.

The safety of Ro-Ro vessels and further design studies are

considered.



CHAPTER ONE
INTRODUCTION

1.1 General

The term ferry is applied to a regular and scheduled sea transport
service between ports, usually two ports. Generally the vessels operating
the service will carry both passengers and freight although the freight may
all be in wheeled vehicles perhaps both road and rail and include many
passenger cars. The ports are often relatively close together and the port
installations may have been designed in conjunction with the ferries to
speed turn around. However even transatlantic paésenger s'ervices were

referred to as ferries at the height of their importance.

There are major differences in design and in operation between
ferries that require passenger certificates and those that do not. The latter
group may carry up to twelve passengers but it can concentrate on freight
convenience, perhaps to the detriment of safety after damage. Such vessels
are not considered in this Thesis. The former group have examples over a
very wide range of size. The larger ones rival the largest cruise liners and
the smallest may only carry few passengers and their cars. However, they
must all conform to the international and their national requirements for

the award of passenger certificates. Such requirements impose constraints

on design.

Demand for passenger and vehicle ferries has grown steadily in
response to increased world prosperity, longer holidays, greater car

ownership and improved road systems which have taken trade from



railways. Increasing trade within the EEC has also dictated steady growth.
Historically, any water crossing was first bridged by a ferry but increased
traffic ultimately produces a fixed bridge or a tunnel where they are
feasible and the expected channel tunnel is a recent illustration. However,
ferries are flexible transport vehicles and new services develop as older

ones become redundant.

This thesis considers ferry services in general and in particular
prepares a design for a ferry linking Izmir in Turkey with Trieste in Italy.
Alternative arrangements of vehicle decks are considered and a comparison
is made of structural design of vehicle decks. Subdivision and damaged
stability are examined by the conventional or deterministic method and by
the alternative or probabilistic method. Economic considerations are

examined by a study of life cycle income and expenditure.

1.2 Types of Ferry
A vessel to transport passengers and wheeled vehicles brings
together characteristics which are found on their own in other ferry types.
Since there is interchange of developments, it is useful to consider briefly

some of these separate types.

Passenger ferries come in many sizes but are most numerous in
urban transport where cities lie around bays or harbours such as Sydney
and New York or are divided by straits such as Istanbul. The older designs
were usually of the double ended variety with no claim to high speed but
recent designs have sometimes favoured hydrofoils or hovercraft with their
associated high speed when this is advantageous. The passenger and

vehicle middle distance ferry may be in a position to incorporate some of
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the features of these modern types as they gain in experience and are

refined in design.

Train ferries decline in number as freight moves from rail to road
but still exist as purely freight wagon carriers as passenger and passenger
coach carriers and may have their rail deck also able to carry road vehicles.
Terminals and the ferries must be carefully designed to cope with tide
changes as rail gradients are minimal. There are almost always of the
straight through load and discharge type but usually are single ended for
propulsion. Train ferries have a relatively high Length/Breadth ratio partly,
because rail lines cannot spread out so readily within the vessel and the
cargo is thus very length dependent for stowage. Such design would suit
demands for buoyant compartments in the wings of cargo decks to restrict

loss of stability when damaged.

Freight vessels of the Ro-Ro type tend to pioneer trades to areas
where ports are being developed as they require minimum port facilities.
Since they have few if any transverse bulkheads on their several vehicle
decks , they represent risk when damaged but can transport some very
awkward wheeled vehicles such as earth moving plant . They may be used
for container transport with the container placed on special small wheeled
trollies or stowed by fork-lift trucks but the cellular container ships are

more economic .

Car carriers are a separate class of vessel largely associated with
the export of cars made in the Far East. When associated with collapsible
car decks they may be useful on the return journey but generally return
with little cargo. Their cargo handling equipment such as loading ramps,

portable car decks and inside access ramps are also to be found in



passenger Ro-Ro ferries.

The present generation of Ro-Ro passenger ferry is the result of
careful study of the trends of demand in it's three main cargoes namely
passengers, passenger cars and commercial vehicles. The commercial
vehicle section is often proved to grow more rapidly than forecast and this
causes demands for vehicle space and deadmass that can make ferries
readily obsolete. In a perfect world the port terminals would also be within
the design package but usually the vessel must accept port constraints
which may mean restrictions on both beam and draft. The more intense the
service and the shorter the sea crossing, the more likely is the vessel to
have both bow and stern doors and in sheltered waiters be dloublc ended.
Accommodation standards reflect the time on passage. Passengers content
with adjustable seats for short journeys of a few hours will demand cabin

accommodation when voyage times exceed about 8 hours.

1.3 Passenger Ship Rules and Regulations

Most types of ships must confirm to the many international and
national agreements to ensure their safety. Passenger ships have additional
such agreements to follow as passenger safety is of particular importance.
Internationally these agreements are given in the International Conference
for the Safety of Life at Sea 1974 and subsequent amendments as agreed
through the International Maritime Organization. Nationally for the United
Kingdom, these agreements are contained in "SI 535 Merchant Shipping
(Passenger Ship Construction ) Regulations 1980 " and subsequent

amendments [Ref.25].



In particular, rules concemn ;

- Subdivision : the ability to remain afloat after a prescribed
amount of damage.

- Damage Stability : the ability to remain at a safe angle of heel
and trim with a minimum value of GM after a prescribed amount of damage.

- A minimum standard of fire precautions, lifesaving appliances,

communication equipment and crew.

In the United Kingdom, there are six classes of passenger ships
but only class I and class II are‘significant in carrying capacity. Class I
vessels are engaged on unrestricted international voyages ar‘ld ioday they
are mainly cruise ships. Class II vessels serve short international and
national voyages and are mainly engaged in ferry services. Their routes are
relatively close to land and some relaxation compared to class I vessels is
made. The remaining classes are generally smaller vessels in a wide variety
of island, estuary and river services and will include undecked pleasure

boats.

The important calculations for subdivision and stability in the
SOLAS agreements must be submitted and approved either by the
traditional deterministic method or by the alternative probabilistic method
adopted by IMO regulations A 265 (VIII) [Ref.27]. The alternative method
gives more scope for formal consideration of unusual bulkhead

arrangements often useful to ferries, and gives a more realistic appraisal of

safety.

No regulations are static and it is not long since proposals were

considered not to treat truck drivers travelling with their vehicles as
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passengers. This would be a considerable convenience on long haul routes
such as across the Mediterranean but the proposal is dormant at present and

had little appeal for the United Kingdom authorities.

SOLAS agreements [Ref.28] include comprehensive protection
against fire. An important influence on design is the division of the vessel
into fire zones by transverse bulkheads which may be up to 40 meters apart

and often coincide with alternate subdivision bulkheads.

The requirements for class I ships by SOLAS are life boats with a
total capacity of 75% of the complement and liferafts at level for 25% of
the complement. Maximum capacity of each life boat:must not'be more than
150 persons and the capacity of each liferaft must not be more than 13
persons. IMO requires that ships must have such arrangements that the total
number of persons on the board must be capable of being evacuated with
their full equipment within a period of 30 minutes. In addition radio life-
saving equipment, life jackets and immersion suits must be considered as

IMO requires.

1.4 Ro-Ro Passenger Ferry Routes
The passenger and vehicle ferries on short international voyages
usually connect areas of similar economic wealth although tourist services

exist and some vessels are intended for seasonal use.

Routes can be listed by location and although ferry designs may
cater for each route separately, many are transferred or chartered to other
services and thus route particulars may be considered as subordinate to the

size, speed, endurance and cargo mix of the design.



Northern European services can be subdivided into those for
Baltic, North Sea, English Channel and Irish Sea locations. Mediterranean
services are generally from Spain and France to North Africa and from Italy
to Greece and Turkey while Mediterranean Islands all have a ferry service

to their mainland. Black Sea services connect Anatolia with Europe.

In the Americas services are mainly on the Canadian coasts,
Caribbean Islands and the River Plate. The relatively scarcity of such ferry
services in Asia and Australia is an indication of different levels of

economic development between neighbours.

1.5 Trends in Design and Economics
Ferry design evolves in response to demand but must always offer
a service at a price that customers can afford and be competitive with rival
means of transport. Freight vehicles may need to use ferries but passengers
may use air transport and hire cars at their destinations. Weather conditions
may help or hinder ferry services as fog is a serious disadvantage to air

travel as is rough weather to sea travel.

The demand for lower prices has resulted in the usual search for
economies of scale where a service can be met by fewer but larger vessels.
The length of the route and the loading and discharge facilities have great
influence on size and speed. However as ferries are labour intensive, scale
economies remain attractive. Growth in and change of demand often result
in premature obsolescence of the vessels in any one route but generally
vessels can be sold for use on other routes at different stages of

development.

The balance of revenue and costs are shown in Fig.(1.1) and



Fig.(1.2) [Ref.53,december 1981]. Such illustrations alter as oil and other
prices alter but the components of the revenue are very important. A
successful ferry operation must secure a large income from the spending of
passengers when on board in shops, restaurants and bars. The
accommodation arrangement is done with this in mind ensuring ample
provision of facilities for spending and their convenient location. Because
of the requirements for good passenger accommodation and facilities and a
great deal of special equipment ferry capital costs are high. However if
crew cost can be reduced by low cost manning the savings are

considerable.
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Fig.1.2 The distribution of ferry's income(Ref.53, 1981 )

1.6 Turkish Considerations

The political and geographical situation of Turkey means that a
ferry is a necessary solution to transport problems. As it is shown in Fig.
(1.3) Turkey is surrounded by three generally calm seas namely

Mediterranean, Aegean and Black and contains a fourth sea that of Marmara
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which is an international waterway. Turkey always will be a bridge
between Europe and Asia but political considerations mean that road links
through Greece and Bulgaria can be difficult. In these circumstances ferry
services which connect Turkey to Italy and Romania have advantages.
Much heavy traffic to the Middle East is routed through Turkey but steady
demand for transport from the large number of Turkish workers in Europe
is also important. Such ferry links avoid political frictions and lengthy
journeys over crowded and dangerous roads.

One main existing service that connects Turkey with Europe is
from Trabzon to Constanta in Romania. This is a Black sea service and
much used as a route to the Middle East. Another main service is from
Trieste or Venice to Izmir. This is a Mediterranean 'service and is likely to
be the choice for traffic whose destination is Turkey. This service has
perhaps most immediate growth prospects as Turkey begins negotiations to
enter the E.E.C. and where Turkish agricultural products already travel in
some quantity. Even now there are not visa requirements for Turkish
citizens in Italy and freedom of movement will increase with E.E.C
membership.It is the service between Trieste and Izmir that is chosen for

this thesis.
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CHAPTER TWO

GENERAL DESIGN CONSIDERATIONS

2.1 Introduction

The design of any ship begins with a careful study of the demand
for the vessel at that time and how the demand may be expected to vary
over the service life. It is probably impossible to predict precisely demand
over the potential life of the ship but at the end of useful service life it may

be sold to other trades.

Often a clear picture of commercial demand is difficult to obtain
and in any case design must be related to existing ships. Generally dramatic
changes in size and speed from existing vessel are unusual and represent
greater risks. In this case consideration must be given to existing vessels
serving the route Izmir - Trieste but as the service is comparatively recent
then more change may be expected in design. These changes must come in
part from a study of information from a wide range of passenger and

vehicle ferries which together can from a useful data base.

2.2 Ferry Design

2.2.1 General

Particulars of existing ferries form an important data base for the
designer. They are especially important as guidelines for the choice of main
dimensions, which once chosen, should ensure the fundamental goals of
the design. In addition, the choice of total number passenger, the number
with cabins, the lane length, width and height for commercial vehicles and
the service speed are matters for commercial analysis and decision. The

naval architect matches these requirements with a suitable vessel, subject to
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technical constraints, which can be built and operated as economically as

possible.

2.2.2 Existing Ferries

Table 2.1 shows a representative selection of ferries listed by
year of completion with particulars taken from the technical press. Data
include the ferries between 1974 and 1986 and most them were selected
from Baltic, North Sea and cross channel ferries. The remainder are from
Irish sea, Mediterranean Sea, America coasts and just a few ferries from
Japan coasts. During the collection of this data it was thought that the
_ ferries chosen over the last 15 years of time span would l?e énough in

quantity and represent the trend in modern ferry designs over this period.

For the initial design, geometrical parameters based on the data
selected are established to specify the initial dimensions of the ship.
Therefore parameters Length(L)/Beam(B) and B/draft(d) are shown on
separate graphs [Fig.2.1 and Fig.2.2] which illustrate changes in these
ratios. The mean lines go through points with a good deal of scatter. This
scatter is a remainder that whatever trends exist all ferries are related to

their particular service conditions.

Careful investigation of the data collected suggests a general trend
for change in ferry designs so that until 1978 the ferries had fine hull
forms (i.e. high L/B), small passenger capacity but diffefent class
accommodation facilities with big differences in standards whereas after
1980, they become larger in size having low L/B and high superstructure
with high standards of accommodation facilities in all classes. The

entertainment facilities are at the same standard as those of luxury
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passenger cruise ships. The designs between 1978 and 1980 carry both

characteristics from the above grouping.

Therefore at the stage of producing graphs, data were separated to
two parts as ferries before 1980 and after 1980. This will help the designer
see the differences in designs over the recent years and lead to improved

modern, popular and simply better designs.

2.2.3 Subdivision and Stability

The requirements of SOLAS have an important influence on
design. The main car deck is almost always the bulkhead deck and the rules
control the subdivision below the bulkhead deck in conjunction with the
freeboard. In general, the designer chooses minimum spacings of
bulkheads giving minimum freeboard and thus keeps the most useful space
which is the main vehicle deck and above as large as possible. This design
optimization allowed by the deterministic calculation for subdivision and
damaged stability may be considered detrimental to true safety and this

matter will be considered later.

2.2.4 Vehicle Decks

The main vehicle deck being also the bulkhead deck may be
supplemented by a further deck above and perhaps by an inboard vehicle
deck below. The wings of the two principal vehicle decks may be fitted
with hoistable decks to suit the carriage of cars rather than trailers as

demand dictates but clearance height and axle load are always important.
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2.2.5 Machinery and Casing

Economic propelling and other machinery is central to efficiency.
A typical arrangement involves father and son medium speed diesel prime
movers delivering power to a gearbox.Through clutches. The gearbox
output will be to the propeller shaft.Generators may be driven through step
up gear from the small engines and auxilary generators may also be fitted.
Reversing is often by controllable pitch propellers and twin screws are
usually required to absorb the power and to insure against break down. A
single grade of fuel may be used. Such a package allows economy of
operation for the total power requirement at all speeds. Machinery uptakes
and casings have an important influence on the vehicle decks and the
appearance of the vessel. Casings may be along the centre line with central
funnels or fully outboard with twin funnels. Partially outboard casings can
suit central funnels but in all cases, they break up in a particular way the
lanes of the vehicle decks. Outboard casings which are extended fore and
aft as watertight compartments may represent a good way to maintain

stability damaged but may reduce the total lane length.

2.2.6 Hull

Car vehicle decks may have both bow and stern doors but only
ferries on short hauls are truly double ended. If only stern doors are fitted
then the vehicle deck breadth must be adequate for turning or turntables are
needed or vehicles reverse off. Such an arrangement is usually only
acceptable when turn round is leisurely. Ferries usually have low values of
block coefficient and intermediate to high values of Froude Number but an
increasing proportion of freight traffic means a rising demand for deadmass
and thus fuller forms. Fig.2.3 [Ref.4] Comparing hull forms of 1970's and
1980's indicates the demand for more vehicle deck space wider loading

apertures and more displacement.



17

Fig.2.3a The general hull form of 1970's ferries{Ref.4]

[

Fig.2.3b The general hull form of 1980's ferries[Ref.4]

2.2.7 Accommodation
Some accommodation for passengers and crew may be below the
bulkhead deck but in a ferry this is a cramped space with obvious risks in a
fire or accident.
Consequently, it is the space above the vehicle decks that is used
for accommodation. If all passengers are to be berthed, great care is given

to cabin design and the resulting choice repeated in bulk giving a
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particularly box like appearance to the superstructure . Public room spaces
are very important as they contribute so much to the income of the
operator. The total requirement for accommodation becomes more and more
demanding adding further decks and more rectangular ends and generally
making the ship look top heavy. Permanent ballast may be needed to
alleviate true top heaviness but when deadmass is critical, the economic

penalty may be serious.

2.2.8 Port Considerations

A good ferry design should be considered in conjunction with
port facilities for it, indeed adjusted to suit it. However, most ferries must
accept existing ports. This is likely to mean a, restriction on draft
sometimes a restriction on beam and sometimes on length and occasionally
on all these parameters. Ultimately this means a limitation on size and
carrying capacity but a beam limitation with its danger of inadequate

stability is perhaps the most serious.

2.2.9 Safety and Comfort
This includes the passenger accommodation and reflects the length
of the voyage. Journeys up to 8 hours may be accepted on reclining seats
but as the time increases each passenger finally requires a berth.
Entertainment requirements also increase with journey time. Ship motion
can be unpleasant and stabilizers and stability must consider this feature.

Vehicles must always be able to be lashed in position.
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CHAPTER THREE

DESIGN PROPOSALS FOR A FERRY FOR
THE ROUTE IZMIR - TRIESTE

3.1 General
Design decisions must be taken as a sequence although it is an
iterative procedure with feed back loops. The sequence in this case is set

down as follows.

3.2 Speed

All vessels have an upper limit to speed set by the economics of
their trade and the physics of ship resistance which includes size and is
expressed as a limit to Froude number. There is no lower limit to speed in
physical terms but there is economic disadvantage if the speed is so low

that it becomes impossible to earn sufficient profit to cover the capital

investment.

In practical terms the itinerary of a ferry is a major influence on
speed although within the bounds mentioned. Regular sailings at
convenient times are essential. In this longish route a convenient service
interval is one sailing a week in each direction with a rest and a repair day
at Izmir. The rest day may be used in a auxiliary service during the high
season. The load factor for passengers and cargo will be seasonal so that
less time is needed for turn round in the low season than in the high

season. This indicates some value in two speeds one for the low season and

one for the high season.
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The journey distance is about 1200 nautical miles and it may be
reasonable to add one hour to each journey for manoeuvring. Four hours
should be sufficient for low season turn round time and eight hours for the
high season. Bunkering will be done at Izmir.

The minimum low season speed is thus ;

Vsmin =Distance / (one week - one day - 2 hours - 8 hours )

=1200x 2/ (24 x 6 -10 ) =18 knots.

The minimum high season speed is ;

Vshigh = 1200 x 2/(24 x 6 - 2 - 16 ) =19 knots.

However for auxiliary cruises a maximum speed beyond 19.0
knots could be an advantage and 21.0 knots may be .reasonablc. This gives
the following low and high season schedules with voyage times of 68 hours

and of 61 hours.

Low season: Wed. Thurs. Fri. Sat. Sun. Mon. Tues.

Leave Izmir 16.00

Arrive Trieste
Leave Trieste

Arrive Izmi

High season: Wed. Thurs,

Leave Izmir 18.00
Arrive Trieste
Leave Trieste

Arrive Izmir

12.00
16.00
14.00

Sat. Sun. Mon. Tues.

07.00

18.00
07.00
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3.3 Capacity and Deadmass

The demands of the particular service fixes rough ratios among
the number of passengers, the number of cars and the number of freight
vehicles but the latter has the main influence on deadmass. The journey
time demands berths for all passengers and the demand for car space is
likely to be linked to passenger numbers with freight demand more stable.
without access to detailed cargo statistics a study of existing ferries
indicated that a suitable capacity would be 800 passengers, 200 cars and 60
trailers each trailer being 40 feet in length. The deadmass in these
circumstances being ( 800 / 7 + 200 + 60 x 30 ) about 2100 tonnes.
However if the tractors are considered together with trailers the total
number of trailer+truck will be less than 60 b1.1t total ;11ass of one
trailer+truck will increase Therefore this does not make any significant
difference in mass. Also since ticket fares are increased a certain amount
for each additional meter there will be no disadvantage of considering the

truck+trailer.

3.4 Port Restrictions
Izmir and Trieste have no particular restrictions on length and

beam but draft should not exceed about 6.5 m . The tidal range is small.

3.5 Existing Vessels
The service is maintained at present by Ankara and Samsun both
designed for use by Russia in another service but bought new for their
present service. The particulars are ;
Lpp = 120.70 m.
B =1941m.
d = 542 m.
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Dupper =12.25 m.
Power = 12527 kW

Passenger= 460 berths , 523 deck passengers.

3.6 Data Base

The vessels listed in table 2.1 are used. They have been divided
into vessels built between 1974 - 1979 and between 1980 - 1985 for
plotting graphs but the vast majority represent services with shorter

voyages.

3.7 Preliminary Design

3.7.1 General

Conventionally preliminary design is the determination of the
main dimensions and group masses to satisfy the design requirements.
Alterations remain cheap at this stage but the outcome should not require
any fundamental changes as the design is developed into working drawings
and preparing steel where alterations are very expensive. The main

dimensions are length, beam, depth, draft and block coefficient.

3.7.2 Length

This the least well defined dimension although it reflects the basic
size needed to meet the cargo requirements. The shortest length can be
expected to give the least capital cost but if it produces an unacceptably
high Froude Number running costs will be excessive. There may be upper
limits to length imposed by port facilities but longer vessels may be more
seakindly. A starting point for size is to consider the length as a function
of passenger numbers. These can be expressed as berthed passengers plus a
tenth of the unberthed passengers as used for the calculation of net

tonnage. Existing ferry data gives graphs as shown in Fig.3.1 and Fig.3.2.
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For 800 berthed passengers the length is between 130 and 140 meters. As
seen in Fig.3.3 and Fig.3.4 values of Froude Number against length
indicate an upper limit of about 0.3 . If 130 m. is chosen as the value of
Lbp then for 18 and for 21 knots respectively the Froude Numbers are
0.259 and 0.302 respectively.

3.7.3 Block Coefficient

The minimum value required will be set by requirements for
deadmass while the upper is governed by V/(L)0-5. Deadmass requirements
reflecting growth in freight traffic dictate rather high values compared to
older ships which are shown in Fig.3.5 . Ref.18 indicates an ﬁpper limit
of 0.65 for a V/(L)0-5 of 0.81 although Fig. 3.6 shc;ws lower values have

been more usually chosen. A value about 0.63 may be suitable.

3.7.4 Beam

The minimum value of beam is directly related to adequate initial
stability but draft restrictions may raise it beyond this minimum for a
required displacement. Port restrictions can limit beam but serious limits
would require permanent ballast to maintain stability. The demand for
higher standards of accommodation has increased top weight and in a ferry
all cargo is mainly above the waterline. There has been steady decrease in
values of L / B as shown in Fig.3.8 compared to Fig.3.7 and a beam of

26.0 giving L/B =5 seems reasonable.
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Fig.3.2 The change in the average passenger capacity as the ship length
changes for the years between 1980-1986
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Fig.3.4 The change in Froude Number depending on the ship length
for the years between 1980-1986
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3.7.5 Draft

Draft is always restricted to some extent by ports and a low draft
allows entry to more ports. A minimum draft is required to suit
displacement and deadmass and perhaps propeller immersion and

seakindlyness. In this case 6.0 m. may be sufficient.

3.7.6 Depth

Depth has several definitions but for a passenger vessel, the most
important one is that to the bulkhead deck which is usually the main car
deck. Whether the calculation for subdivision and damaged stability are
presented in the deterministic or probabilistic way the choice of depth in
relation to draft is vital and as a first step must be obtained from existing
ships as shown in Fig.3.9 and 3.10. There will be some trade off between
the ratios of d/Dpjx and watertight bulkhead spacing but as modern
machinery is very compact, modern values of d/Dpjk allows the very
minimum of freeboard. A value of d/Dpjk ~0.72 is given in Fig.3.10 but
some margin of safety is needed in preliminary design study. If Dy is taken
as 8.5 then d/Dpyy is 0.706 for a draft of 6.0 m.

Depth to the uppermost continuous deck is an important parameter
for steel mass, stability and hull girder stiffeness. Generally, the depth to
the uppermost continuous deck is that to the bulkhead deck plus the heights
of vehicle decks above that level in this case with an allowance for portable
decks 8.5+5.5=14.0 m while with an allowance for private car deck Dypper

is 8.5+5.0+2=15.5 m.

The number of decks required for 800 passengers is important as

these will be above the uppermost continuous deck although of assorted
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Fig. 3.5 The mean line of Block coefficient along the v/LO-5 axis
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Fig.3.6 The mean line of Block coefficient along the v/LO-5 axis
for the years between 1980-1986
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lengths. Fig.3.11 gives
0.5 = 800 / 130 x 20 x number of decks
the number of decks is = 4.7 (say 5.0) for passengers only.
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Fig.3 9 The scatter of ratio d/D over ship length for the years between
1974-1979
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Fig.3.10 The scatter of ratio d/D over ship length for the years
between 1980-1986
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3.7.7 Displacement, Group Masses and Initial Stability

Following the estimation of main dimensions of the ferry an
initial displacement can then be calculated as

Displacement (A)= Length(pr) * Beam (B) * Draft (d) * Block
Coefficient(Cp) * Density of water (8). For our design, this gives 13096
tonnes. At this stage, depending on the displacement calculated, group
masses and initial stability can be calculated from various graphs,
approximate formulas based on the design requirements as shown in

Appendix 1 and Ref.19.

0.5
0.4 1
On
0.3 =
. . a o
< a n B a
a [ ]
g 8 ] %
0.2 1 = ]
DWT: Deadweight of ship
0.1 4 n
A: Displacement of Ship
0.0 -+ — v T v r '
0 5000 10000 15000 20000
A (tones)

Fig.3.12 The ratio DWT/DISP. shows steady increase as DISP. increases
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Fig.3.12 indicates that the deadmass / displacement ratio may be
about 0.27 giving a deadmass of 3550 tonnes and this value gives some

idea about the lightweight of the ship.

Some items of the deadmass are listed in Table 3.1. Their values
are estimated by using data in Ref.19 together with design judgement by
considering the voyage and the number of passengers. The estimations in
detail are given in Appendix 1. At maximum speed of 21 knots an initial
estimation of required power is obtained from Fig.3.14 as 20133 kW. This
gives a machinery weight of 1100 tonnes, a fuel - oil weight of 800 tonnes
and a lubrication oil of 50 tonnes, as explained in Appendix I. The total
weight of 800 passengers, their baggage and 150 ci'ew is estimated to be
about 150 tonne s.The fresh water and other domestic items are estimated

to be 200 tonnes and 300 tonnes respectively.

One of the design purposes is to have a high vehicle capacity
without changing the fixed dimensions. However large vehicle capacity can
be obtained by increasing the number of decks which will increase the
depth of ship. In addition the length of voyage is considered to be long, so
that relatively more passenger decks are required as shown in Fig.3.11. In
these cases the vertical centre of gravity of ship increases as the depth of
ship becomes high. This situation causes the initial stability of ship to arise
as a important problem. This forces the designer to analyse different types
of vehicle deck designs in term of initial stability. For this particular ship

three different vehicle deck arrangements are considered as follows.
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1 - Single vehicle deck design with a portable car deck at the Port

side of the main deck for which Dypper, become 14 m.

2 - Two vehicle deck design; one mainly for trailers and other for

private cars for which Dypper, becomes 15.5 m.

3 - Two vehicle decks design both are suitable for stowing the
trailers for which Dypper.becomes 18.5 m. All these design types are

shown in Fig.3.15.
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Following these estimations for design 1 (see Appendix I ) group

masses and their centroids become as follows.

Item Mass(tonne ) VCG (Metre) VCG*M(t-m)

Steel 4900 12.2 59780
Outfit 2600 16.0 41600
Machinery 1100 5.0 5500
Fuel 800 4.2 3360
Lub. oil 50 4.2 210
F. water 200 4.2 840
Pas+Crew 150 17.5 2625
Stores 300 6.0 1800
Life Boats 270 25.0 6750
vehicle 2600 11.5 29900
Margin 126 14.0 1764
13096 11.77 154129

Table3.1 The KG of group masses and ship for vehicle design 1

VCB of ship was estimated from 0.55d as 3.30 and BM from

B2/Cgxd as 10.5 m.

GM was found as 1.95 m. which suggests good initial stability.

This high GM value also gives some hope for a second car deck to be

considered.These estimations for two vehicle deck designs are given in the

Tables 3.2 and 3.3.



37

Table 3.2 shows the group masses and their centroids for

design.2.

Item Mass (tonne ) VCG@metre) VCG*M(t-m)

Steel 5212 13.37 69688
Outfit 2600 17.0 44200
Machinery 1100 4.5 4500
Fuel 800 4.2 3260
Lub. oil 50 4.2 420

F. water 200 4.2 '840
Pas.+Crew 150 18.0 2700
Stores 300 6.0 1800
Life Boats 270 26.0 7020
Cargo( d.4) 200 14.3 2900
Cargo( d.3) 2100 10.5 22050
Margin 114 14 1704

13096 12.3 161085

Table3.2 The KG of group masses and ship for vehicle design 2

VCB =3.30 m.
BM =10.50 m.

GM was found as 1.50 m. which seems satisfactory for initial

stability.
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Table 3.3 shows the group masses and their centroids for

design.3

Item Mass(tonne ) VCG(metre) VCG*M(t-m)

Steel 5650 15.3 86445
Outfit 2600 | 20 52000
Machinery 1100 4.5 45,00
Fuel 800 4.2 3360
Lub. oil 50 4.2 220
F. water 200 4.2 840
Pas.+Crew 150 21.0 3150
Stores 300 6.0 1800
Life. Boats 270 29.0 7830
Cargo( d.4) 1000 15.5 15500
Cargo( d.3) 1000 10.5 10500
13096 14.21 186160

Table3.3 The KG of group masses and ship for vehicle design 3
KB = 3.30 m.
BM =10.50 m.
Initial GM was estimated as -0.36 m. which is not acceptable for

stability requirements so that third design is disregarded.

The first two designs give good initial stability. Although the

second design is bound to give higher building cost than the first, the



39

larger car capacity could be an advantage during the operating life. It seems
that the second design is more suitable for this particular ship but the final
decision is left to be made after the hydrostatic and damage stability

calculations. But the arrangement is carried out for this second design.

3.8 Hull Form

Recent developments require fuller underwater body form and
almost rectangular superstructure. The idea of larger trailer capacity forces
the body lines out to gain area at trailer deck level. Furthermore more
passenger capacity with increased facilities demands larger deck area and
ease of cabin manufacture requires little change of shape. As a result of
these demands the decks have become rectangular and the ferry has greater
depth. However these arrangements bring some disadvantages beside the
advantages. Displacement becomes a significant factor and because of
restricted draft, a fuller underwater form seems the most suitable solution

to that problem.

In the light of these trends a fine hull form of é 1970's ferry has
been modified to suit a higher value of Cg and more car deck area. The
lines plan of Dana Regina which was built in 1974, was chosen as a basic
lines plan. After the modifications the data of new hull form was obtained
as shown in Table 3.4. This data indicates a short parallel body with full
lines at the 6 m. load draft although Dana Regina has not got a parallel

body. The body form plans are given in Fig.3.16
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ST WL";' WL2 |WL2 |WL3 WL5| WL6 | WL7 | WL8 WLIjWL1q WL12] WL14
0 0 04] 04] 045 1.55] 4.60} 8.15] 9.90 10.64 11.5§ 12.40| 12.80
12 0 04| 071 125 5.25]| 8.75 | 10.50} 11.55 12.10} 12.5 § 12.8 | 13.00
1 07§ 10| 20| 3.60 10.2% 11.25) 11.60]12.25 12.65 12.84d 12.95{ 13.00
2 229 3.4 7.10| 10.59 11.94Q 12.45] 12.75| 12.90}13.00 % 13.04 13.004 13.00| 13.00
3 8.30] 10.4¢ 11.90 12.640 12.9¢ 13.00§13.00 {13.00 |13.00 g 13.0& 13.00 13.00| 13.00
4 11.79 12.2§ 12.84 13.00 13.00 | 13.00 [13.00 [13.00 E 13.04 13.00| 13.00] 13.00
5 11.7p 12.7Q 12.84 13.00 13.00 { 13.00 {13.00 [13.00 13.04 13.00{ 13.00] 13.00
6 85 | 1020 11.69 12.25 12.94 13.00{ 13.00{13.00 13.040 13.00} 13.00 | 13.00
7 4.60] 6.05] 8.0y 9.2¢ 10.88 11.5¢ 12.14 12.60 12.75] 12.85] 13.00] 13.00
8 1.85| 2.65| 4200 5.5 784 89 990 10.40 11.2¢ 11.3§ 11.55| 12.40} 13.00
9 071 1.10] 1.75} 2.25 330) 415} 5.14 | 7.15 8.051 845 | 9.9 10.20
91/2| 0.45 1 0.70 | 1.20 | 1.55 145 | 1.75 }2.75 | 435 525}575 ] 6.70 | 7.80
10 0.20] 0.40| 0.88| 1.05 0.0 | 025§ 0.65]1.15 1.75 235)1 3.60 | 5.0

Table3.4 The half breadths of ferry at different stations and waterlines

3.9 Hydrostatic Calculation

After defining the hull form of the ferry, hydrostatic calculations

are carried out for the further steps of design. These calculations were done

by using the Wolfson Unit package programs Ref.60.

The displacement of the ferry at 6 m. draft was found as 12722

tonnes . The block coefficient was obtained as 0.626 while VCB and BMT

values were obtained as 3.36 m. and 10.32 m. respectively. The result of

hydrostatic calculations are given in Appendix 2.
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3.10 General Arrangement

A relatively long voyage demands substantial passenger facilities.
These also depend on the general economic level of passengers for whom
this ferry service is planned. Therefore, a comfortable ship is proposed

rather than a luxury one.

First of all basic arrangements are required such as location of
wétcrtight bulkheads, engine casing, lifts and stairs. As a result of
carefully carried out calculations watertight bulkheads are installed along
the ship up to the bulkhead deck as shown in Fig.3.18. This suits the
subdivision and damaged stability requirements. In order to increase the
capacity of vehicle decks the casings were installed off the center line to
port. Machinery arrangement was installed around the middle of the ship
because the damaged stability requirements allowed long enough

compartments in this region of the ferry.

All passenger and crew accommodation arecas have been located
above thle bulkhead deck considering the relative danger of spaces below
the bulkhead deck and the comfort of people on board. Passenger cabins,
which have a total of 800 berth capacity, have been installed on the sixth
and seventh decks. Cabins have been arranged as single, double and four
berth cabins. Crew accommodation has been arranged at the deck 8 together
with some entertainment facilities. Generally cabins are located at the
forward and aft ends of the ship to protect the passengers from engine

noise and common passage ways.

Every kind of entertainment facility has been fitted limited only
by available space. A large dining room, two lounges, disco, oasino, duty
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free shops, hairdresser, library, conference or cinema saloon and
swimming pool have been located on the fifth and ninth decks. Furthermore
a sauna and gymnasium room were installed at the second deck.A 60 trailer
capacity main vehicle deck and 200 car capacity car deck have been

installed at third and fourth decks respectively.

Different type of stores have been arranged at the second deck. At
the both ends of first deck, the ballast tanks have been located to correct
trim while heeling tanks exist outboard of the machinery spaces. The
general profile of the ferry is givén in Fig.3.17. The decks are d‘_escribed in
more detail as follows.

- Deck 1 ( Tank top )

This deck is divided into 13 compartments by watertight

bulkheads which go up to the bulkhead deck.

The main machinery was installed in two large spaces around
midships considering the stability requirements which also required heeling
tanks at both sides of the engine rooms fitted with cross-flooding
arrangements. The heeling tanks were installed to stabilize the ship in case
of asymmetric loading conditions.The vessel has twin four bladed
controllable pitch propellers driven by two father and son engine sets
which each supply power to a gearbox as shown in Fig.3.18. The forward
compartment contains the larger engines, the aft one contains the smaller
engines and the gearbox. Each compartment has a separate auxiliary
generator. Shaft generators are coupled to the son engines. The fuel
treatment plant is in a separate compartment forward of the main
machinery. Auxiliaries and workshops occupy two spaces aft of the

machinery.
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Compartments at the forward and aft ends are arranged as ballast
tanks to control the draft and trim during loading and discharging. All fresh
water tanks are also located at this deck. One compartment is arranged as a

gymnasium room for crew.

- Deck 2

The full height from deck 1 to deck 3 is required in the main
machinery and fuel spaces. A gymnasium area and sauna for passengers
have been arranged at forward of the deck. The next compartment has been

designed as a laundry space which will serve for passengers and crew.

All stores have been installed at the aft end of this deck. One
compartment was kept as a store for shops and cabins. Two compartments
have been arranged as food and drink stores including cold and cool rooms.
The Control room for all engine systems is located just behind the engine

compartments. These arrangements are indicated in Fig.3.19.

- Deck 3
This is the bulkhead and the main vehicle deck. It is designed to

take the trailers and heavy vehicles. At the port side of the centerline there
is 3.5 m. wide casing along the ship which rises to the upper most
continuous deck. Inside the casing there are lifts, stairs and uptakes. The
deck has a 4.65 m. Clear height and a total 800 meter length of 3 m. wide
trailer lanes where up to 61 - 12 m. trailers can be stowed. Loading and
discharging will be done via three stern doors that each have 4 m. wide, 5
m. high openings. Two of them give access only to the main deck. The

other gives access to both main and upper car decks.
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- Deck 4

Considering the many Turkish workers and tourists who travel by
car, it was thought that a large capacity car deck was better than movable
car decks. Therefore this deck has been designed only for private cars with
the clear height of 1.95 m. A total of 1050 meters length of 220 standard
cars (4.15 *1.55 ) can be stowed. Access to this deck is supplied by
movable ramp which has 14 m. length and 4 m. wide. The arrangements of

deck 3 and deck 4 are indicated in Fig.3.20 and 3.21.

- Deck 5

This is the upper most continuous and the entenginfnent deck
where the main entrance is located. The dining room for 350 persons was
located at the aft end of the deck. The officer's dining room is adjacent to
this dining room. The galley was located at the Port side of the deck giving
access to dining rooms for easy service. The starboard side of the deck is a
shopping area. The entrance hall is a large area with easy access to every
part of the ship. a total of two 50 seat rooms adjoin the entrance for special
use. A 150 passenger capacity lounge exists and a disco and a casino are at

the forward end. The arrangements are shown in Fig.3.22.

- Deck 6

A total of 570 passengers can be accommodated in 180 cabins on
this rectangular shaped deck. Cabins are either two berth or four berth
cabins.

New developments in cabin construction allow the dimensions of
cabins to adjust somewhat to available space instead of being dependent on
standard sized cabins although the rectangular shape remains.

76 two berth cabins have been located at the aft of the decks and
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each cabin has 10 m? space. As it is shown in Fig.3.23 cabins have private
toilet and showers. The rest of the deck area has been occupied by 104 four
berth cabins Fig.3.24 that have 12.5 m? space each including the private

toilet and showers.

Apart from accommodation there is one play room for children at

the middle of the deck. The general arrangement is indicated in Fig.3.25.

- Deck 7
A total of 252 passengeis in |48 * cabins have been located through

the deck. There is 3 m. wide open promenade at port and starboard of the
deck. At the forward end of the deck 10 luxury cabins which have 25 m?2

space each exist.

42 single cabins have been installed at the aft end of the deck .
Single cabins have total 8 m?2 space including shower and toilet as shown in
Fig.(3.26). There are 96 twin cabins which occupy the rest of the deck.

The general arrangement of this deck is indicated in Fig.3.27.

- Deck 8

100 crew and fifty officers are accommodated in twin and single
cabins respectively. Cabin areas are the same as passenger cabins. There
are 5 cabin suites for owner and senior officers and 48 cabins for officers
at the forward end. Crew cabins are at the aft end of the deck. Crew mess
and lounge are also at the same region . At the middle of the deck , the pool

trunk occupies an area. The hospital, which has ten beds and an operating

room is next to the officer cabins.
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Large passage vways and emergency exits were located at deck 8,
since life boats are at both sides of the deck. According to the SOLAS
agreement regulations, for class 1 vessels the total capacity of life boats
must be the 75% of total persons on board. Therefore six life boats, which
have 125 person capacity each are installed on board. The deck arrangement

can be seen in Fig.3.28.

-Deck 9

Remaining passenger facilities are on this deck. The forward part
of the deck has been arranged as a passenger lounge, which has 100
passenger capacity. Library and reading room were located next to the
lounge. There is also a 150 people capacity theatre ,suitable for
entertainment and conference facilities. An open swimming pool is located
at the middle of the deck, in front of the funnel to protect the passengers
against the smoke.

Air conditioning systems and emergency generator were installed
around the funnel. The aft end of the deck was left open for sport facilities.

A promenade area was arranged all round the deck.

The bridge and wheel house were located at the front top of the
deck nine. This deck includes chart room, radio room and some
offices. Two rescue boats are located at the both sides of the bridge deck.

The arrangements of the deck 9 and bridge deck are shown in Fig.3.29.

3.11 Power Estimation

3.11.1 General

Recent increase in ferry dimensions has brought some

disadvantages as well as some advantages.Having large beam, block
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coefficient and higher superstructure produces higher resistance.

Ferry speed is influenced by market competition but has not
increased greatly. The larger value of beam and block coefficient and
superstructure has resulted in greater resistance perhaps resulting in about
13% more power compared to 1970° designs as shown in Fig.3.13 and

Fig.14.

On the other hand, possible increase in fuel cost due to this
excess power necessity has been iargely recovered by improvements in the
performance of engines. For instance, specific fuel f:onsumpgioﬁ has been
reduced from around 160 (gr/bhp-hr) to 140(gr/bhp-hr), therefore, fuel

cost has not increased as much as power has increased.

3.11.2 Calculations and Results

Considering the 21 kn. service speed, the required power is
estimated to select the machinery system by using the Taylor systematic
method extended by the German Democratic Republic [Ref.24]. Although,
the final decision for the machinery system would be taken considering the
maximum service speed, the calculations were carried out for six different
speeds to see the variation of power with the speed. this variation would be
necéssary during the economic analysis. Calculations are given in appendix
3 and the results of the calculations are presented in Fig.3.30 by EHP of

the ship against ship speed. The figure also represents the BHP,which was

calculated in Appendix 3.

Fig.3.30 shows the substantial increase of power when speed

rises above about 18 knots. While there is advantage in fitting power for 21
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knots to allow greater flexibility in operation,the economic speed may be
closer to 18 knots.

28000 -
24000
:
< EHP
- BHP
20000 -
V: Ship Speed
16000 -
12000 ~
8000
4000
0 v T T T T T T T v T v T T
10 12 14 16 18 20 22 24

V (Knot)

Fig.3.30 Required engine powers for different service speed
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3.11.3 Selection of Engines

According to the Father-Son machinery system, two big and two
small, in total, four engines are required. SULZER ZA 40 medium speed
engines are

chosen as final selection. Each large engine has eight cylinders
which have 875 BHP each and total weight of each large engine is 76
tonnes . Each small engine has six cylinders and is 58 tonnes . Each large
and small engines are connected to the same shaft by means of gearbox.
Furthermore, there are two six cylinder auxiliary engines,driving

generators which have 2140 Kw. power each.

3.12 Propeller Design

Passenger ships have usually twin screws which gives additional
safety against breakdown and allows a high power to be transmitted
successfully with relatively small diameter propellers dictated by shallow
draft. Controllable pitch propellers suit medium speed prime movers
coupled generators as the gearbox can match the speeds, no reversing is

provided on the prime movers and RPM can be kept constant.

The initial propeller design is not more than a first approximation.
However, this calculation is necessary to confirm the basic parameters,
which are required during design. These parameters are diameter and RPM
of propeller, and propeller efficiency. This final propeller design can be

expected to improve as a result of the use of modern highly skewed blade

shapes.

Design starts from the calculation of the wake fraction and thrust

deduction factor by using the approximate formulas although in a twin
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screw ship the hull efficiency is close to unity. However, since these
formulas do not give precise results, they may be used just for the first
approximations. As a first approximation, diameter was taken as 4.00
meters considering the 6 meters limited draft. For the calculation, RPM of
propeller was taken as 240 relating to the power of engine and gearbox
arrangement.The calculations were carried out for Wageningen B series and
the types of B4.40, B4.55 and B4.70.These calculations are given in
Appendix 3.

Considering cavitation, type B4.70 is the optimum propeller type,
although, it has the less thrust compared to the other types. The propeller
efficiency was estimated from chart as 0.62 whicl; is equal to the quasi
propulsive efficiency, with hull efficiency and relative rotative efficiency
unity. As a final result, all these calculations gave the optimum diameter of
propeller as 3.77 meters which is sufficient for propulsion system and
suitable for the existing draft. Modern highly skewed blades are likely to

have better efficiency with less risk of cavitation.

3.12 Midship Section and Longitudinal Strength

Calculations

In order to obtain the load line assignment, the structure of a ship
must conform to the requirements of a classification society. A principal
requirement is to have adequate longitudinal strength to withstand the
longitudinal bending moment . The bending moment here is the maximum
moment resulting from combined still water and wave loading.The rules set
down the minimum required section modulus and the midship section of the

vessel is evolved to attain this based on the rule requirements for the

structure. All requirements are given in Ref.31.
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3.12.1 Minimum Required Section Modulus,ZR

The minimum hull section modulus required for unrestricted sea-

going vessels is calculated from the following equations given by Ref.31.

ZRr=C1 L2B(Cg+0.7) (3.12.1)
and

Zr= (Ms+My)/c, 103  (3.12.2)

where

L is length of ship, in meter,

B is beam of ship, in meter

CpR is block coefficient,(nondimensional),

Cj is a factor, given in Ref.31 as 10.75((300-L)/100)1.3

Mg is bending moment due to hydrostatic loading,(in tonne .f.m)
My, is bending moment due to wave loading, (in tonne .f.meters)

and o is maximum stress (in kgf/mmz)‘-

Equation 3.12.1 and 3.12.2 give the section modulus in cm3.The
design section modulus is chosen to be the maximum of ZR values

calculated from the above equations. Rules specify the maximum stress o

to be 18.5 kgf/mm?2

Design still water bending moment,Mg, is estimated by
considering the distribution of group masses as shown in Fig.3.31, while
the wave bending,Myy, is estimated by formulas based on wave and ship
geometry given by rules.These formulas and calculations are given in
Appendix 4. Introducing the values given above into the equation 3.12.1

and 3.12.2 gives, for ZR, 4.986 106 and 3.781 106 cm3 respectively. The

former,i.e. the maximum one, is taken as ZR
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3.12.2 Defining Dimensions of The Structural System

The structural system of the ferry was chosen as a longitudinal
framing system,thus allowing the most efficient disposition of material. The
dimensions of each member,such as girders,plates and stiffeners, were
chosen in accordance with the Lloyd's Register of Shipping Rules.Detailed

calculations are given in Appendix 4 and some of the chosen dimensions

are shown in Fig.3.30.

3.12.3 Actual Hull Section Modulus Calculations

In the calculations of the section modulus of the midship section
only the effects of the longitudinal members running continuously along
full ship length and decks along the full ship beam are considered. The
effects of the shorter longitudinal members are assumed to be negligable.
However, effects from side shell, deck platings, longitudinal

bulkheads,longitudinal stiffeners and double bottom girders are taken into

account.These calculations are given in Appendix 3 in detail. The
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followings are the results calculated for the ferry design .
The neutral axis from the keel;

Yn.a=11.47 meters

The moment of inertia at neutral axis;
In.2=11.728 109 cm4,

Section modulus at top deck;
Z3ck= 11.276 106 cm3,

Section modulus at keel;

Zx=10.287 106 cm3

Results show that the strength of hull is quite sufficient. It is

around 2.5 times greater than required strentgh.

3.13. Subdivision and Damaged Stability

3.13. General

Almost all ships must comply with the international agreements on
load line assignment which determines maximum draft. Ships with
passenger certificates must also comply with the international agreements
regarding subdivision and damaged stability which generally result in a
lesser draft than load line considerations on their own. International
agreements on ship safety measures were introduced following disasters at

sea and have been modified in the light of further disasters and this process

will continue.

The loss of Titanic in 1912 brought into being the earliest
agreement on subdivision and following other important casualties
requirements exist for adequate stability after damage and avoidance of

asymmetrical flooding. By 1960 changes of trading pattern and the demand
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for new types of passenger ships brought criticism of the methods of

calculation and the goals for subdivision and damaged stability regulations.

More fundamental attitudes drew attention to anomalies in the
traditional methods of calculation used and since 1974 there have existed
two methods of presentation for calculations relating to subdivision and

damaged stability.

The deterministic method is the traditional calculation while the
alternative method, as it is called, is a probabilistic calculation. In each
case, the end requirements are based on attainments that have been found
reasonable in the light of casualty experience since records began, but the
probabilistic method takes more matters into account and gives a more
consistent and realistic appraisal of safety. However it is a more
inconvenient calculation to perform and perhaps less easy to understand
and has rarely been used, as it remains an option. Making it the mandatory

method may be a future development.

3.13.2 Deterministic Method

The most recent international agreement on Safety of Life at Sea
or SOLAS is that of 1974. It includes the traditional or deterministic
method of calculation for flooding and damaged stability. The deterministic

method is in Ref.25 and the probabilistic method is in Ref.27.

In the deterministic method calculations are carried out in two
steps.First the floodable compartment length calculation is carried out for
the expected full loaded draft. The floodable length at any point in the
length of a ship is the length which can be flooded without immersing any

part of the margin line. Then factor of subdivision and permissible length



65

calculations are carried out. The factor of subdivision (F) shoWs the
required compartment standard of the ship. If F is bigger than 0.5 , one
compartment standard is required, if F is between 0.5 and 0.33 a two
compartment standard is required, and a three compartment standard is
required if F is less than 0.33. The permissible length at any point of ship
is obtained by multiplying the floodable length at that point by the factor of
subdivision (F). The actual compartment length should not exceed the
permissible compartment length. However, a compartment may exceed the
permissible length if the combined length of each pair of adjacent
compartments to which the compartment in question is common does not
exceed either the floodable length or twice the permissible length whichever

is less.

The value of F was found from calculations as 0.96 which
requires a one compartment standard. However, considering the demand for
more safe passenger ships and the ability to a achieve this improvement, a

two compartment standard is attained in this particular ship.

As a second step, taking into account the floodable length, factor
of subdivision and permissible length calculations, watertight bulkheads
are located to meet target design requirements. This chosen bulkhead
arrangement is checked to see whether it is safe or not after a possible
damage under the subdivision requirements. All calculations are performed
by a direct method using an approved package of programs [Ref.60].
Calculations are given in Appendix 5 and The floodable length,

permissible length curves together with actual bulkhead arrangement are

shown in Fig.3.33.
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3.13.2 Bulkhead arrangement

Generally the locations of bulkheads are chosen considering the
arrangement requirements and the floodable compartment lengths.
However, regulations require that collision bulkhead must be watertight
and fitted at distance from the ship's forward perpendicular not less than
5% of the length and not more than (3+0.05L).

The machinery spaces must be within the floodable length
requirement yet long enough for the equipment within them. This usually
means a series of spaces. Therefore the two machinery spaces were located
rather aft of midship. In total 13 watertight bulkheads were located along
the length of ship and damaged stability checked by using the lost
buoyancy method [Ref.60]. The calculations are given in Appendix 5 and

final arrangement is shown in Fig.3.33.

3.14 Probabilistic Method (A.265(8))

The international conference on safety of life at sea 1960,
recognizing the importance of subdivision and damage stability of
passenger ships recommended that the Inter-Governmental Maritime
organization [IMO] should undertake further studies of watertight

subdivision of passenger ships,because the regulations dealing

with the subdivision of passenger ships in 1960 convention
derived from studies carried out prior to and after the first international
safety conference of 1913-1914. These studies naturally were based on the
design and service requirements of that time. Although regulations have
been modified from time to time, present regulations do not take into
account the evolution, perhaps revolution in ship design and service
requirements and advances in knowledge over the past fifty years.Hence,

the deterministic method has become less meaningful as regards safety. It
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has allowed optimization of ship types that were probably never foreseen

by these who formed the original regulations.

As a result of extensive study, the committee developed new
regulations dealing with subdivision and stability for passenger ships. The
most important and principal distinction of the new regulation is the use of
a probabilistic approach. The probabilistic approach is partly the result of
the study of the damage statistics and observed sea conditions which have
been reported to IMO for-long period. Damage statistics contain
information of ship length(L), ship breadth(B), damage location(x),
damage length(y) and damage penetration(z). IMO has also the voyage
reports including operating drafts , permeabilities 'and stab'ility of those

ships.

According to the IMO researchers damage extent depends mainly
on structural characteristics, mass, speed of rammed and ramming ship,
relative course angle between rammed and ramming ship and location of
damage in the ship length and the actual loading of the vessel when
damaged. The influence of structural characteristics are considered to be
small, and this influence can be neglected. The mass of the rammed ship
depends on her size and her loading condition. The influence of the loading
condition is small especially for purely passenger ships. Therefore it can be
disregarded to make the calculations simple. To take into account the size

of rammed ship the damage length has been related to the ship length and

damage penetration to the breadth.

Examination of existing data shows that ratio y/L is approximately

independent of the ship length and the location of the damage and the
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highest density of ratio y/L is generally around 0.05. these results can be
seen in Fig.3.34 and 3.35. Study also shows that damage length is
independent of damage location in the ship. According to IMO an
explanation of these independences might be that small vessels are more

likely to meet small vessels and large vessels are more likely to meet large

vessels.
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Increasing speed and size of ships during the recent years
suggests that the average size of damage in cases of collision is growing.

Fig.4.36 indicates that the damage length increases with time.

Damage statistics show that the ratio z/B is independent of ship's
breadth(Fig.3.37) and it is found that average damage penetration is around
0.2B. However there is relation between z/B and y/L as shown in Fig.3.38

where z/B increases on the average with increasing y/L.
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as non-dimensional damage length changes(Ref.27)

According to the damage statistics damages occur more often in

the forward half of the ship than in the aft part [Fig.3.39].
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Fig.3.39 Distribution density of non-dimensional damage

location(Ref.27)

Apart from those damage statistics the probabilistic approach
takes into account the average wave height recorded at different times and

different seas. The required GM values for different wave height also has

been estimated by some model experiments.
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Consideration of these different parameters and different
conditions make the probabilistic method more realistic. However because
of the complexity of the probabilistic method which is based on the concept
of the probability of survival, the Eighth Assembly adopted the regulations
as being an equivalént to and a total alternative to the provisions of part B
of chapter 2 of the 1960 safety convention. The probabilistic method is

based mainly on the following probabilities.

- The probability of flooding each single compartment and each
group of two or more adjacent compartments.

- The probability that the residual buoyancy after ﬂobding of a
compartment (or a group of two or more adjacent' compan;nents) under
consideration will be sufficient to provide for survival

- The probability that the stability after flooding a compartment or
group of compartments will be sufficient to prevent capsizing or dangerous

heeling due to loss of stability or to heeling moments

During the work on alternative method, it was considered that the

effect of damage is dependent on:

- The location of the flooded compartment or group of
compartments

- The draft and intact stability at the time of damage

- The permeability of affected spaces at the time of damage

- The sea state, particularly the critical wave height, at the
moment of damage.

- Possible heeling moments due to unsymmetrical weights.

All these possible statements are taken into account during the

cailculation of attained subdivision index (A) which is the base of the
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probabilistic method. The value of A is calculated on the concept of the
probability of survival of the ship in case of collision.For the safety of the
ship, it is required that 'A' must be greater than required subdivision index
‘R’ which is a function of the total number of passengers and crew on the
ship based on R values for existing ships. Appendix 5 gives the detailed

information and calculations of these parameters.

Perhaps there can be no absolute or objective standard for R. The
curve chosen was based on actual ships recalculated by the alternative
method whose original design was optimized around the deterministic
regulations. The scatter is too obvious. If the alternative method was made
mandatory then experience would be gained to indicate whether or not the
choice of R was reasonable in service. No doubt it must be somewhat
similar to the freeboard by the load line rules in that small ships cannot be
made as safe as large ones without impossible economic penalty and that

for very large ships the potential for damage is close to a limit.

3.14.1 Calculations and results

During the calculations, the following requirements are
particularly considered

- The flooded GM value must not be less than 0.05 meters

- Thé final angle of heel in the flooded condition is limited to 7
degrees for flooding of one compartment and 12 degrees for flooding of
two or more compartments.

- The relevant bulkhead deck must not be immersed at the final
stage of flooding.

Calculations were carried out for the existing watertight bulkhead
arrangement as shown in Fig.3.40.Since therewas no computer program

available, especially developed for probabilistic method, calculations were
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carried out by using the existing package programs [Ref.60].

_

0 65 15 23 335 42 58 74 83 92 101 111 121 * 130

Fig.3.40 Chosen compartment arrangement for this particular ferry

Results showed that compartments 6 and 7 needed cross-flooding
arrangement because of the large angle of heel which was caused by the
flooding of wing tanks. Incorporating the cross flooding arrangement, the
final value of 'A' was obtained as 0.710 assuming that the final angle of
heel is 7 degrees and 'R' was found as 0.686. If the final angle of heel is
assumed as 3 degrees 'a' is obtained as 0.80. These results suit the
requirement of A>R, therefore, the existing subdivision arrangement is
sufficient. As calculations show, the ship can withstand the flooding of
single or two adjacent compartments but cannot withstand the flooding of

three adjacent compartments because of the large trim.

It can be seen from calculations that the most effective way to

increase the 'A’ value is to increase the freeboard within the limits accepted
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by the regulations. Another alternative is to have a high initial GM
although, a high service GM is not recommended for the comfort of
passengers. However,improved fin stabilizers allow a higher value of GM
as they reduce the rolling. Higher freeboard may have a bad effect on the
GM since it increases the KG of ship.Therefore, these two terms must be

considered together.

3.14.2 Consideration of the Deterministic and
Probabilistic methods

The deterministic and probabilistic methods are based on two
different parameters namely the factor of subdivision (F) and the attained
subdivision index (A) respectively. F determines thc'compartr'ncnt standard
of ship while 'A' determines whether the watertight bulkhead arrangement

is safe enough.

Although the deterministic method was improved in 1960, it was
originally evolved for the types of passenger ships common in the
1920's.Therefore this method does not seem very convenient for modemn
ship designs. Shipowners will conform to the Rules and may go beyond
them provided no economic penalty is present.This particular ferry design
required a one compartment standard but was designed as two compartment
ship with advantages for safety. For this chosen subdivision arrangement,
the probabilistic method gave an acceptable result but not as good as
expected.This example also shows that the deterministic method needs
some revisions. However,this method is easy to understahd and to apply to

ships,therefore, it is normally used.
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The probabilistic method is the product of considerable
observations, study, experiment and calculation using data from a variety
of existing passenger ships. It has a better scientific basis and is less likely
to suit merely one type of passenger ship. It has become a method because
of clearer understanding of probability and more scientific study of
accident damage. It also is well adjusted to ferries as a long inboard car
deck [Fig.3.41] is possible below the bulkhead provided it's boundaries
are sufficiently distant from sides or bottom and of course 'A' remains

L}

greater than 'R'. The probabilistic method makes the calculation of the

cross-flooding arrangement precise by giving some reference formulas.

Relevant BulkheadDeck

0.2B
< >

\.

Fig.3.41 Arrangement of long inboard space below bulkhead deck
allowed by probabilistic method (Ref.27)

While the probabilistic method may give a more realistic
indication of safety no method can indicate perfect safety and there may be
arguments that the simple concept of factor of subdivision has more direct
meaning than subdivision index. In addition the method is both harder to
apply as well as harder to understand and a dedicated computer program is
essential to apply it. Consequently it has been seldom used as a method for
authority approasal and may have to be made mandatory to ensure that it is

used.
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Existing computer programs in the department are the package
programs developed for different naval architectural problems and suitable
for microcomputers.In order to carry out the calculations five different
programs were used and total computing time was more than 12 hours
although the fast procedure which makes calculation 3.5 times faster was
used. In addition, some of the parameters had to be calculated
manually,since those can not be obtained using the programs. These
difficulties show the necessity of the good computer program for

probabilistic method.

The sinking of Herald of Free Enterprise raised many questions
about ferry safety. The report of the inquiry is now publisiled. Like all
accidents it has particular causes and these seem to be more related to
human error than to technological oversight. It may be that regulations will
alter as a result of that accident, for example a probabilistic function for
human error could be included. However making the alternative method
mandatory might be the best practical outcome and so avoid an optimum
design by the deterministic method with it's extremely small freeboard.

Naturally convenient software for calculation is essential.
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CHAPTER 4

ECONOMIC ANALYSIS

4.1 General

The total cost of owning and operating a ship can be subdivided
into many items and arranged in many different groups. Traditionally the
capital cost of the ship, the cost of the fuel, the cost of the crew, the cost
of port dues and of consumable and repair items for the vessel are major
subdivisions. The potential income from owning and operating a ship is
from the fares charged for cargo and passengers and any finai resale value

remaining in the vessel on disposal.

There is not always a rational basis behind all these costs and
incomes. Many of them are very strongly influenced by market forces. The
capital cost of a vessel built in Western Europe currently attracts around
28% subsidy and even then will cost more than a similar vessel built in the
Far East. Crew costs depend on the standard of living of the crew's
country and differ widely across the world but the crew can be used
anywhere in the world. Fuel is perhaps the most uniform world wide cost

only responding to the alterations of oil price.

However all decisions are based on comparisons and as economic
considerations are important, numbers must be given in a definitive way to
all costs and incomes to take the many decisions needed for ship owning
and operating. In feasibility studies it is the differentials that are

significant even though the absolute economic numbers in service are
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different.

The estimates for shipbuilding and operational costs are required
for various reasons by various authorities. For example, fleet managers
need cost estimates for preliminary design purposes to make rational
selection between alternative investment opportunities, establishing budgets
or predicting charter or insurance rates. Naval Architects need cost
estimates for preliminary design purposes. These encompass studies of
feasibility, alternative technology and optimization studies aimed at finding
the best combination of major design parameters. Cost estimations are also
useful in making detailed design decisions and in selecting équipment.
Shipyard management needs cost estimation to bid fo,r new cor;struction and
to decide whether to make or buy certain items of equipment and for

negotiating prices for extras or credits applied to shipbuilding contracts.

This section considers costs and revenue. The capital cost is
based on Ref.8 and is intended to represent Western European conditions
on the grounds that ferries are complex and there is much expertise in
Western Europe. In general crew and service cost and revenues are based

on Turkish conditions in Ref.5 and Ref.11.

4.2 Capital Cost

The capital cost is the price to the owner of the new ship. At
present it may below the cost of construction from the shipyards point of
view. The difference made up by state subsidy or the yard will eventually
go out of business. The approach for estimation is that of material and

labour applied to hull, machinery and outfit items.
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The cost of steel is fairly easy to define although the final figure
will depend on discounts, quantities and scrap. The cost of machinery and
outfit items will depend on the specification details and sophistication of
the vessel. Labour cost for steel will depend on the ship type and is usually
expressed through the manhours per tone of worked steel. The shipyard
labour cost for machinery and outfit is largely that of putting items into

position and making connections as little is nowadays built in the yard.

It is usual to convert the capital costs into an equivalent annual
cost over the life of the vessel using an appropriate Capital Recovery
Factor. The choice of interest rate will depend on the source of money for

the vessel and how profit on the venture is taken into consideration.

4.2.1 Basis of Capital Cost Estimate

_ Labour Cost

Man-hours are the basis for the labour costs. The average labour
rate changes as the type of work changes and includes appropriate
overheads.The labour cost can be divided into three parts namely are steel
labour cost, outfit labour cost, machinery labour cost. Steel and outfit
labour costs are related to the weights and machinery labour cost is related
to the total power of engines. Cost factors for each part are different and
related to the profit,overheads and average labour rates as given in

Appendix 6.

_ Material Cost

An examination of material cost is again under steel, outfit and
machinery. It is calculated in a similar way to the labour cost. The initial

estimation of material cost is carried out considering the average price of

per tone of steel, and outfit and power of engines.
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Some special equipment or facilities used with the ship (i.e.
different grades of steel in the hull, thrusters, stabilizers, controllable pitch

propellers) are estimated separately.

4.2.2 Results

Calculations were carried out based on the references stated
earlier for the ferry considered. Computations are given in Appendix 6 in
detail. The capital cost was estimated as £33.6 millions supposing the ship

is built in The United Kingdom.The distribution of capital cost as follows.

Steel Labour Cost Cs1.=£3.48 millions
Steel Material Cost CsM= £1.46 millions
Outfit Labour Cost CoL=£5.6 millions

Outfit Mateﬁal Cost Com=£8.8 millions
Machinery Labour Cost CM1L= £4.0 millions
Machinery Material Cost CyMmmM= £8.6 millions

Thrusters, propellers, stabilizers Cpps= £1.5 millions

The estimation varies depending on the shipyard and the type of
the ship. One of the major component of the shipbuilding cost is the
outfitting cost which may vary over a wide range. For example, in
passenger ships the quality of decorating, outfitting and automation of the
ship greatly affects the outfitting cost. Nevertheless, these estimations are
very useful at the preliminary design stage for designer, shipyard and

shipowner for their further decisions.
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4.3 Operating Cost

An accurate knowledge of operating cost is important for the
efficient management of vessel. Shipowners need the operating cost
analysis to arrange the ticket fares or to negotiate for long term charters.
Analysts involved in certain studies also require specific information on the

components of operating cost.

There are two main types of operating cost. One is the costs
which are largely or completely unaffected by the particular employment of
the vessel. This can be further subdivided as capital recovery cost, crew
cost, repair and maintenance, survey cost, previsions, insurance and
general administration. Although the capital recover'y cost is 'considered as
a part of operating cost, it can also be considered separately from operating
cost. The other is the costs which are affected by the particular voyage of
the vessel. The subcomponents of the second type are fuel cost, port
charges, agency fees, brokage and canal dues. These subcomponents are

explained as follows.

4.3.1 First group costs

-Capital Charges

The capital cost of the vessel must be recovered in order to remain
in business. The easiest method of considering capital charges is to
convert the capital cost into an equivalent annual cost by means of a capital
recovery factor. The choice of interest rate of that factor will depend on the
actual source of the money but again a simple view is to consider that it is
money owned by the company and the return on that money represent the
incentive to remain in business. If the money is borrowed then there will be

aknown interest rate and perhaps a subsidy if it is from a state bank. This
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approach is not as complete as a true present worth approach but the only
major item ignored is that of resale value. If the vessel is a long time in

state ownership this item is negligible.

A minimum value of interest rate would be about 10% and a range
of value up to 15% is taken. Tax has not been considered on the grounds
that the state owns the ferry company. The life of the vessel has been taken

as 15 years at which time the resale a scrap value is about £5x 106,

- Crew Cost

One of the most important operating costs is the crew cost.
Significant changes in crew cost are possible by changing the nationality of
crew although, this may be dependent on the owner's freedom of registry
of the ship. In addition some automation and other improved arrangements
in the ship may reduce the crew cost. However, passenger ships always
need a high number of crew for the hotel services although the number will

still vary with number of passengers and standards of service.

For the ferry's technical services it was estimated that a total of
36 crew members are required but 114 are required for the hotel services.
They are distributed as shown in Table 4.1. Note that 75% of the total crew
is for hotel services. This was thought to be necessary for passenger
comfort and quality of services especially for the long journeys the ferry
considered to take. For the dining room it was assumed to allocate 1
steward for 3 tables while 1 steward for 20 cabins was considered.

Musicians are taken into account considering the need for entertainment in

long journeys.

According to the Turkish standards the average annual cost of
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each crew member at present is as follows.
Officer £4200/year
Petty officer £3600/year
Rating £3000/year

These numbers include basic wages,bonus,overtime and
insurance. Crew costs are likely to increase, and as the calculation is
carried out for these figures and figures 25% greater.The 150 crew
members are a mixture of officers, petty officers and ratings and the

breakdown is shown in Table 4.1.

- Maintenance and Repair

Maintenance and repair cost usually consist of the costs related to
dry docking of the ship, maintenance of engines and main systems. The
cost is also associated with other maintenance and repair to damages.

Calculations are carried out in Appendix 6.

- Insurance
The hull insurance is usually a percentage of the capital cost
ranging from 1% to 1.5% while the protection and indemnity insurance may

relate to the service experience of the owner but is also relateable to the

capital cost.
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DECK NO CLASS ENGINE NO CLASS

CAPTAIN 1 OF CHIEF ENGINEER 1 OF
FIRST OFFICER 1 OF FIRST ENGINEER 1 OF
SECOND OFFICER 1 OF SECOND ENGINEER 1 OF
THIRD OFFICER 1 OF THIRD ENGINEER 2 OF
RADIO OFFICERS 3 OF CHIEF ELECTRICIAN 1  OF.
CADET 1 OF FIRST ELECTRICIAN 1  OF.
CARPENTER 1 P.O  JUNIOR ELECTRICIAN 2  OF.
BOSUN 1 P.O  ENGINE RATINGS 6 RAT.
RATINGS 9 - RAT. STORE KEEPER 1 RAT.
SUBTOTAL DECK 20 SUBTOTAL ENGINE 16
STEWARS' DEP NO CLASS FORHOTEL NO CLASS
CHIEF STEWARD 1 OF DOCTOR 1 OF.
SECOND STEWARDS 3 OF NURSES 2 P.O.
CHIEF COOK 1 P.O PURSERS 2 PO
COOK AND BAKER 5 P.O MUSICIANS 7 P.O.
MESS MEN 5 RAT PHOTOGRAPHER 1 P.O.

STEWARD FOR OFFICER 3 RAT LAUNDERETTE 4 P.O.
STEWARDS FOR CABIN 15 RAT SHOP ATTENDANTS 4 P.O.

STEWARD FOR TABLE 40 RAT. QOTHERS S P.O.
LOUNGE AND BARS 10 RAT. SUBTOTAL 86
SUBTOTAL 28

Tabled.1 The distribution of crew for different departments of ferry

Protection and indemnity insurance protects the owner against risks not
covered by the insurance of hull, machinery and cargo. These are often
claims for damages brought as a result of accidents on board and damage or

inconvenience that the ship herself causes to others. The premium to be
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paid is usually based on the size of the ship and number of the crew but
will reflect the number of claims made in the past. Since P&I clubs must
remain solvent substantial payments may be needed from time to time
depending on the needs of all the members of the club. Calculations are in

Appendix 6.

- Stores and supplies Cost

Store costs include the cost of deck, engine stores and the cabin
stores. The store cost in the deck and engine stores include ropes paints
and spares while cabin stores include soft furnishing and laundry. Store
and supply costs for passenger cabins such as cleaning,food .and drink
supplies are not included in this cost since they are considered in the
entertainment cost. Food supply cost for crew also is not included here
since it is considered together with crew cost. Store and supply cost is

estimated as a function of the number of crew.

- Administration Cost
Administration cost includes the expenses for head, rents,

advertising, legal expenses, communications and training programs.

4.3.2 Second group costs
- Port Charges and Dues
The cost of entering, leaving and using ports vary widely
throughout the world. These expenses can be divided into two groups.First
one is entering and leaving cost which includes pilotage, stowage and canal
dues. Second one is related to time in the port which consists of daily
charges for berth, watchman fees, water, and electricity. Port charge and

dues are based on the size of the ship and trade area.
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-Fuel Cost

Fuel cost is the important component of operating cost and it is
changeable because of the unstable world oil prices. Recently fuel cost has
decreased because of the reduction in oil price as well as the improvements
in machinery. However fuel cost is mostly dependent on the service speed.
Therefore, it might be useful to take into account different service speeds
together with total cost, income and voyage time of the ship. Fuel cost is
subdivided into the cost of heavy fuel oil,lubrication oil and diesel oil.
This estimation is carried out considering the total journey time at the sea

and waiting time in ports.

-Entertainment Cost

Entertainment cost includes the various services to passengers
such as food and drinks disco, cinema, conference and some sport
facilities. However during the income estimations the income from
entertainments are estimated as net income, therefore cost of these items are
not considered here. Entertainment cost is taken into account for some .
special entertainment facilities for the special times such as religious

holidays( Christmas, Ramadan ).

4.3.3 Results
In order to carry out the calculations( see Appendix 6) a computer
program was developed. The results were obtained for different capital
recovery factors (CRF), fuel and crew costs. The results and the
components of operating cost are shown in the Table 4.2 and Fig 4.1 for 18
knots speed and 10% interest rate.The Same distribution for 18 knots speed
but for 25% increased cost of fuel and crew can be seen in Table 4.3 and

Fig.4.2. As both figures show the most important components of operating



88

cost are the capital recovery cost, crew cost and fuel cost. These
components are 48%, 15%, 9% of operating cost respectively for Fig.4.1

and 45%, 17%, 10% for Fig.4.2.
OPERATING COST OF SHIP

Speed= 18 knot Interest= 10% Life of ship= 15 years
officer: 4200 £/year, p. officer: 3600 £/year, Rating:3000 £/year
0il=55 £/tonne

Capital Recovery Cost =4.26 million £/year
Maint. and Repair Cost =0.31 million £/year
Hull and Machinery Insurance =0.40 million £/year
Protec. and Indemn. Insurance =0.23 million £/year
Store and Supply Cost =0.36 million £/year
Administration Cost =(0.68 million £/year
Port Charges and Dues =0.16 million £/year
Oil Cost =0.71 million £/year
Crew Cost =1.33 million £/year
Entertainment Cost =0.25 million £/year
Annual Operating Cost =8.71 million £/year

Table4.2 The components of operating cost of ferry for 18 Kn speed and
for original fuel prices and crew wages

%

100—4—
— CAPITAL REC.
90 +
— MAINT. & REPAIR
80—+
— HULL AND MACHINERY INS.
or — % PROTECTION & INDEM. INS.
604
—»> STORE & SUPPLY
— 3 ADMINISTRATION

—»OlL

CREW
ENTERTAINMENT

Fig.4.1 The histogram shows the components of operating cost
as percentage of operating cost for original fuel prices and crew wages
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OPERATING COST OF SHIP

Speed= 18 knot Interest= 10% Life of ship= 15 years
officer: 5350 £/year, p. officer: 4500 £/year, Rating:3750 £/year
0il=67 £/tonne

Capital Recovery Cost =4.26 million £/year
Maint. and Repair Cost =0.31 million £/year
Hull and Machinery Insurance = 0.40 million £/year
Protec. and Indemn. Insurance =0.23 million £/year
Store and Supply Cost =0.36 million £/year
Administration Cost =0.68 million £/year
Port Charges and Dues =0.16 million £/year
Qil Cost =0.89 million £/year
Crew Cost = 1.58 million £/year
Entertainment Cost =0.25 million £/year
Annual Operating Cost =9.14 million £/year

Table4.3 The components of operating cost of ferry for 18 Kn speed and
for 25% increased fuel prices and crew wages '

%
1004~
—— CAPITAL REC.
90 +
17— MAINT. & REPAIR
80—
— HULL AND MACHINERY INS.
70+
—— PROTECTION & INDEM. INS.
60
— STORE & SUPPLY
50+ —»> ADMINISTRATION
40 — OlL
CREW
30 ;
ENTERTAINMENT
20
104
0

Fig.4.2 The histogram shows the components of operating cost
as percentage of operating cost for 25% increased fuel prices and crew

wages
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The fuel cost is affected by service speed as shown in Fig.4.3. As
seen from Fig.4.3 higher service speeds bring extra cost while it reduces

the total voyage time which are given for different speeds as follows.

V(speed) V.Time(h) ] »
15 76.6 1.4 Fuel 1 £55 per tonne
—~ 1 Fuel 2 £67.5 per tonne
16 71.8 5 2]
17 67.6 E ]
;1.0-
18 63.8 3
o 08+
19 60.5 2g° _
o
b w- Fuel Oil Cost 1
20575 0-6' = Fuel Qil Cost 2
21 54.7 '0'4-f""1r-;--.
14 16 18 20 22

Speed(kn)

Fig.4.3 The change in fuel cost service as speed changes

Although the service speeds of 15 and 16 knots give the least fuel

cost, these speeds require the crew to work a full week because of the
increase in voyage time. Besides this, the increase in voyage time may
affect the load factor in negative way. The speeds of 17 and 18 knots allow
one day off for crew and minor repair of the ship as well as reasonable fuel
cost with relatively shorter voyage time. The speed of 20 and 21 knots
obviously give shorter voyage time with considerably higher fuel cost.
These higher speeds may allow ship to have more off time but the saved
time may not be enough for another voyage even to a nearer destination.
Therefore speeds less than 19 knots seem to offer more economical

advantages over higher speed on this line.

Calculations were carried out for different interest rates to see the
changes in capital recovery cost. These different interest rates may affect

the ticket fares to obtain profitable income. Total operating cost for
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different speed and different interest rates are shown in Fig.4.7 and

Fig.4.8.

There is big difference between the capital recovery cost and the
other components as a percentage of the operating cost in comparison with
the values presented in Fig.1.1. This is because the capital cost was
estimated according to the British cost standard and capital recovery cost
is the function of capital cost. However, operating cost (i.e crew cost, fuel
cost, port dues, stores, provisions etc.) was estimated according to the
Turkish cost standards. Since the British cost standard is almost three
times of Turkish cost standard, this big difference appezflrca. Capital
recovery cost may be reduced by building the ship a country where material
and labour are cheap. However, to build such a complex ship needs good
experience, management and modern facilities. It must be considered
whether these facilities can be available and ship can be completed within

the expected time in that country.

4.4 Prediction of Annual Income
Since ships are built to earn money (except some special ships)

from their operation, demand estimation is important parameter.

The accuracy of demand estimation is significant for the cost of
tickets. However the accurate estimation is very difficult. Because, this
line was introduced a few years ago and existing ferries operate on this line
for half of the year. Passengers are mainly tourists and consequently very
seasonal. A steady demand exists for return visits of Turkish workers in
Europe which are again seasonal although perhaps over more of the year

than tourists. In general demand is expected for winter holidays. Truck
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There are two passenger-vehicle ferries running between Italy and

Turkey from April to October which is the peak tourist season. MV Orient

Express follows the route of Venice-Piraeus-Istanbul-Kusadasi-Patmos-

Katakolon-Venice. MV Ankara has the direct route which is Izmir-Venice-

Izmir. MV Orient Express has 800 passenger capacity while MV Ankara has

542 passenger capacity.

4.4.1 Ticket fares

The estimation of ticket fares are carried out considering the

existing ticket fares given as follows .

MYV ORIENT EXPRESS( Venice-Istanbul-Kusadasi)

cabins fare (single) (return)

state c.(2) £475

Deluxe
2 £395
3 £325
Class A
2 £330
3 £280
4 £250
Class B
2 £300
3 £250
4 £220
Clas C

2 £245

£855

£710
£585

£595
£505
£450

£540
£450
£395

£440

Vehicle Fares Single Retum
Car £100 £180
Trailer |
(up to 3 m.) £75 £135
additionalm  £25 £45
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lass D

2 £220 £495
3 £200 £360
4 £175 £315

(Ticket fares include meals on board and port tax)

MYV ANKARA (Venice-Izmir)

Cabins Fares(single) Vehicle Fares(single)
Deluxe(2) £270 Car £100
Class A | Trailer
2 £220 1-4000kg  £250
3 £200 4000-.6000 kg £340
4 £185 over 6000 kg £500
Class B Minibus £130
2 £200 Motorcycle £50
3 £185 cycle £10
4 £175
Class C
2 £185
3 £165
4 £135

(Fares exclude port tax and meals(lounge and dinner))

Taking into account these fares average ticket fares for our
estimations are considered as follows.

Passenger £180 (single)

Cars £100 (single)

Trailer (12 m.) £500 (single)

(exclude meals and port tax)
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4.4.2 Entertainment Incomes
Generally it includes the incomes from foods, drinks, shops,
gaming and some others. According to the examination of cruise market
researchers, the average revenue from entertainment facilities is £18

(per.day/per pas.). The distribution of this revenue is shown in Fig.4.4.

SHORE EXCURSIONS DRINKS

25%

TIPS/ OTHERS
15%

Fig4.4 The distribution of revenue obtained from facilities on board
according to the Ref.6
As total amount, this prediction is same to author's estimation but
the distribution is slightly different. Since the considered line is direct line,
there is no shore excursions but there is income from food at around the
same percentage. Ticket fares include only breakfast. The income from
drink and tips are less than given in Fig.4.4. The distribution of

entertainment income for the particular ship design is given in Fig.4.5.

FOOD DRINKS
30% 20%

TIPS/ OTHERS

Fig.4.5 The distribution of revenue obtained from facilities
on board for this particular ship
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Entertainment incomes also depend on the voyage time, therefore

the speed of ship affects the entertainment income as shown in Fig4.6

3.0

8 Entertainment?
¢ Entertainment2
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Fig.4.6 shows that entertainment incomes decreases as speed increases

4.4.3 Estimation of Demand

Two different estimations are carried out considering the capacity
of existing ferries and the capacity of this particular ship. Demand was
estimated month by month for the most realistic calculation. According to
the design plan the ferry is withdrawn from service during the November

for repairing and maintenance.

- First Estimation

For the first estimation, demand for trailers is estimated that
during the winter vessel is 80% of full capacity while demand is 50% of
full capacity during the summer time considering the condition of roads.
Demand of private cars is 33% of full capacity during the winter time and

75% of full capacity during the summer time considering the travellers on
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holiday. Passenger capacity is estimated around 2.5 times of the total
vehicles on board. Demand estimation can be seen in the Table4.4 for the

first estimation.

AV BY CV DV _EV FV GV
JANUARY 8 50 400 70 560 270 2160
FEBRUARY 8 50 400 70 560 270 2160
MARCH 10 50 500 70 700 270 2700

APRIL 8 40 320 80 640 300 2400
MAY 8 40 320 100 800 350 2800
JUNE 8 30 240 150 1200 470 3760-
JULY 10 30 300 150 1500'470 4700

AUGUST 8 30 240 150 1200 470 3760
SEPTEMBER 10 30 300 140 1400 440 4400
OCTOBER 8 40 320 90 720 300 2400

NOVEMBER REPAIR AND REFIT
DECEMBER 10 50 500 270 700 270 2700
TOTAL 3840 9980 33940

Tabled.4 The distribution of predicted demand 1 through year

AV: Number of voyage

BV: Number of trailers per voyage

CV: Number of trailer per month

DV: Number of cars per voyage

EV: Number of cars per month

FV: Passenger per voyage

GV: Passenger per month

The total income for first estimation are estimated as follows.
Passengers £6.1 10%per year

Trailers £1.9 10%per year
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Cars £1.0 10Sper year

Entertainment(18 kn)£1.5 1QSper year
TOTALINCOME  £10.4 10%per year

As the results show, the annual profit of the ferry was estimated

as £1.5 millions with the average 66% of trailer, 50% of car, 44% of

passenger capacities.

-Second Estimation

For this estimation, the demand of trailer was considered as

constant which is 80% of full capacity for whole year. The demand for

private cars changes from 50% to 90% of full capacity while the demand

for passengers changes between 40% and 90%. Demand estimation is

shown in Table 4.5.

AV BV CV DV
JANUARY 8 50 400 100
FEBRUARY 8 50 400 100
MARCH 10 50 500 120
APRIL 8 50 400 120
MAY 8 50 400 140
JUNE 8 50 400 140
JULY 10 50 500 180
AUGUST 8 50 400 180
SEPTEMBER 10 50 500 160
OCTOBER 8 50 400 140

NOVEMBER REPAIR AND REFIT

DECEMBER 10 50
TOTAL

00
4800

100

800

800

1200
960

1120
1120
1800
1440
1600
1120

1000
12960

320

320

400
400
480
480
720
720
640
560

320

GV
2560
2560
4000
4000
3840
3840
7200
5760
6400
4480

3200
47040

Table4.5 The distribution of predicted demand 2 through year
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The total income is estimated for second demand estimation as

follows.

Passengers £8.46 106 per year
Trailers £2.4 106per year
Cars £1.29106 per year

Entertainment(18 kn) £2.12 106 per year
TOTAL INCOME £14.28 106 per year

The total profit from sécond estimation was obtained as £5.0
millions with 83% of trailer,61% of car and 62% of passenger capacity.

This profit is quite high by Turkish standards.

For both estimations the ship obtains quite good profit. However,
£180 is an expensive ticket fare compare to rival types of transport.
Therefore, it is not easy to establish a popular line with high fares.
Assuming the ticket fare for passenger £100 which is competitive against
other transport facilities, an estimation was done and it showed that the
ship gets £1.25 millions profit per year for the second demand estimation.
Total operating cost and income for different values can be seen in Fig.4.7

and Fig.4.8.

4.5 Results
As the income estimations and figures show the most important
factor for the income is the number of passengers. According to the results
for both estimations the income from passenger ticket fares is three times

higher than other components of total income.



99
Because of the different tourist attractions in Turkey there is a
considerable increase in demand to go to Turkey. Turkish Maritime Line
increased the passenger capacity on Turkey-Italy line from 13000 to 19000

during the operating period in one year considering the demand in previous

16
Cost-Income estimation A
4 Costl
-~ Cost2
(est. 2) o Cost3
14 4 <~ Cost4
= Fuel £55 per tonne % Cost5
K] .
= Officer £4200 per year T Cost6é
S P.officer £3600 per year & :ncome;
@ , -%- Income
g Rating £300 per year A Income3
o 121
3]
£
@ i=15%
S (est. 2) 7197
{est. 1)
10 7 income1,2 income3
. £180 p.pas. £100 p.pas
4 5 - £100 p. car £100p.car
o = i=10% (interesrt for CRF) £500p tr. £500 p.tr.
8 T R T T T T T T T L T
14 16 18 20 22
Speed(kn) ‘

Fig.4.7 Cost-income balance considering different factors for original

fuel prices and crew wages
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Cost-Income estimation B
14 4 (est. 2)

13 4 , < Costl
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z 1 Officer £5250 per year & Cost3
S P. officer £4500 per year o Costd
2 & Cost5
w Rating £3750 per year . o Costé
T ] i=15% .
£ 5 - incomei
8 (est. 2) - income2
._';'-_ -4 income3
]

income1,2 income3
£180ppas. £100 p.pas.

£100 p.car £100'p.car
£500 p.tr.  £500 p.tr.

10
14 16 SPEED [kn] 2° 22

Fig.4.8 Cost-income balance considering different factors for 25%
increased fuel prices and crew wages

and coming years. However these arrangements are mainly relying on
tourists (during the April-October period). Therefore demand prediction for
the rest of the year becomes difficult. It can be said that first estimation
seems more realistic for, say next 2 years while the second estimation is

more realistic over a longer period, say in the following 4 years.

It can be seen from Figures 4.3 and 4.6 that high speed means a
substantial increase in fuel cost although it naturally gives less voyage
time. If fares are dependent on speed then speeds around 15 or 16 knots
represent a reasonable level of fuel cost associated with a somewhat long
voyage. Tourists may view the voyage as part of their holiday but Turkish
workers and truck drivers would prefer less time on board. Consequently

17 and 18 knot service speeds appear to represent the best balance between
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fuel cost and time for fares independent of time on voyage. Certain speeds
and times on voyage could maximize the entertainment income which is
largely gained in the evening but this is a matter of schedules rather than

time on voyage.

Fig.4.7 and Fig.4.8 shows that income-cost balance is always
positive for both estimations up to the 19 knot speed even for a CRF with
the interest rate at 15% for the first demand estimation. However the
balance gives negative result over 19 knot speed and over 13% interest for
the same demand estimation. For the second demand estimation profit is
very high even for the higher speeds. Income curve C of seco'nd 'estirnation
which was estimated considering the passenger ticket fare is 45% cheaper
gives same income as first demand estimation with original ticket fare
gives. This is positive sign for the cheaper fare idea and it will make this
line popular because of the competitive ticket fare against other transport

facilities.

4.6 Conclusion
In general it can be said that in order to establish a regular,
popular and profitable line low capital cost seems the main and most
effective solution and consequently the capital recovery cost must be
reduced. Thus cheaper ferry services by keeping the same standard in

available facilities can be offered to passengers.

In today's market Far Eastern countries such as Japan and South
Korea offer prices up to 40% less than european prices. However
passenger ships are mainly built in Europe. This is due to the complicated

hull structure of such ships and experienced workforce. This may not
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continue to be the case in the future.

High speed may be an advantage if it increases the number of
voyages and the demand for the service is not reduced. However over short
distances high speed may have little effect as relatively little time is spent
at sea. In the service considered, demand, while hard to predict is not
particularly high and a round trip a week seems an ideal pattern of service.
Consequently the direct benefit of high speed is limited to attracting
business that is keen on reducing voyage time by a few hours. A low speed
that fills up the week with the round trip may increase crew cost without
any increase in revenue although fuel cost will reduce. A seasonal
relatively high speed may allow an auxiliary cruise over about a day and a
half to take place from Izmir. If the auxilary cruise is popular, it would
assist profitability and justify the power to be fitted for a higher speed for

occasional use.

At the moment, other transport facilities are considerably cheaper
than ferry transportation in this area of the Mediterranean Sea. Therefore
ferries operate during the summer time when the number of tourists is very
high and there is no ferry which operates during the winter time. Although
there is no large passenger demand in the winter there is always a high
trailer demand. Estimation shows that the line considered is profitable for
the whole year operation. The difficulties of the roads from Europe to
Turkey force the travellers to find other alternatives which are suitable for
their budget. Considering this point, the main purpose of ferry operators

must be a low fare arrangement which is always competitive against other

transportation alternatives.
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CHAPTER 5

DECK DESIGN

5.1 General
The structural design of vehicle decks is an important part of the
design of ferries. Such decks are generally fairly close to the neutral axis
of the vessel and thus carry little longitudinal stress or shear. Indeed
longitudinal stresses are rarely serious even at the extreme fibres of ferries
with their short length, light loads and low value of length/depth to

uppermost continuous deck.

The design basis for vehicle decks is that of wheel load and such
loads must be acceptable when applied in any pattern at any part of the
deck. Space is often vital in ferries and depth of deck support structure
may need to be kept to a minimum to maintain headroom for vehicles on
adjoining decks without compromising ship stability by increasing the

depth of ship.

When the vessel is mainly designed to carry passenger cars then
additional structural mass to minimize the space lost in stiffening is always
possible but as trade changes to carrying more and more heavy trucks then
the deadmass of the vessel becomes important and there is need to

compromise between structural mass and the space occupied by stiffening.

The plate thicknesses must be able to transfer the wheel loads to
the adjoining stiffening members and there is an almost infinitive variety of
plate thicknesses and stiffener spacings that can be chosen. However a

main choice is between longitudinal and transverse framing. This chapter
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considers the design of a vehicle deck by the rules of Lloyds Register of
Shipping for transverse and for longitudinal framing. Classification Society
Rules generally take a balanced view of plating design with due regard for
beam theory, membrane theory, plastic design and corrosion and wear and
tear allowances. More basic analysis is also possible and a later section
considers plating thicknesses by specific approaches. These would still

need service experience to translate into working thicknesses.

5.2 Design Consideration

Deck design is based on Lloyd's Register of Shipping Rules
which has a special chapter for ferries and roll-on roll-off ships. Since
there is no restriction on the structural system, both the longitudinal and

transverse framing are considered [Fig. 5.1 and 5.2].

Comp. Length

Transverse
-

Long. bulkhead N B/2

Longitudinal =5 Beam

N\

Fig.5.1 Longitudinal framing arrangement Fig.5.2 Transverse framing arrangement
for vehicle deck for vehicle deck
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Each system is supported by one centre girder and two side
longitudinal bulkheads which are 7.5 meters off the center line. In the
region where there is no side longitudinal bulkheads, the deck is supported
by side girders. The longitudinal framing system is also supported by
transverses every 3.2 meters length along the ship. Therefore the effective
length of longitudinals in the longitudinal framing is rather shorter than the
length of deck beams in the transverse system. The centre girder is
supported by two pillars in every compartment to reduce the effective span.
As is mentioned before there is no significant hull stress problem at vehicle
deck, therefore optimization of the deck design is carried out considering
the mass of deck and the depth of stiffening members is determined and
noted. The study is for a panel bounded by the centre line, side girders and

adjoining transverse bulkheads.

In order to calculate the dimensions of deck members a computer

program based on Lloyd's rules was developed. The program carries out:

a-Calculation 6f deck platé thickness,

b-Calculation of section modulus of each stiffening member using
Lloyds' rules,

c-Determines the dimensions of stiffening members to suit the
required modulus,

d-Carries out the stress analysis as required by Lloyds' Register
to ensure that stress values are within the classification society limits,

e-Calculates the deck weight for a panel of plating and stiffeners.

5.2.1 Calculations
Calculations are carried out by taking into account some

parameters which effect the design. The most important one is the axle load
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which is generally considered up to about 15 tonnes for passenger-vehicle
ferries. Other factors are tyre print load, tyre print ratio and plate panel

ratio as shown in Fig.5.3 and expressed with the following formulas.

u

SN

e

O G

2 m.

Fig.5.3 shows the dimensions of tyre print and axle

For the deck plating general formula is;

t=46k" AP, 415  (mm) (5.1)

where t is thickness of the plate, Py, is the load in tonnes, A is
tyre print local stress factor which is obtained from graph (v/s vs A) in the
Ref.31. In order to find the value of A , I/s (plate panel ratio) and U/V
(tyre print ratio) must be taken into account. Here 1 is the effective length

of stiffener, s is the stiffener spacing, u and v are the dimensions of the
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tyre prints. The computer program can be run for different values of these
ratios within the rule limits.

In order to determine the dimensions of the deck beams and
longitudinals, the formula for section modulus for the permanent vehicle

deck carrying wheeled vehicles is used as follows [Ref.31].

z=(0.536 K, P1_+0.00125 K;h s1%) (5.2)

where, K1 and K9 are constants obtained from rules, P is axle
load in tonnes, h is the normal load height on the deck and need not exceed
2.5 meters. Besides this formula the rules suggest that the bending stress
must not be greater than 100 (N/mm?2). For the stress analysi's the beam is

assumed to have 100% end fixity.

As shown in Fig.5.4 if we take into account the actual loading,
the deck beams in transverse framing are loaded by several axle loads.
Considering the worst loading condition which is 2.5 times one of axle

load, the dimensions of the beam are specified by using the stress analyses.

Eanan:

beam

span of the beam

D — s |
A

Fig.5.4 Possible maximum loading of deck beams in transverse framing
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For the deck girders and transverses, Lloyds suggests that
specification of the dimensions must be based on a maximum stress of
123.6 (N/mm?2) assuming the 100% end fixity. The Lloyd's Register of
Shipping Rules also gives a formula for uniformly distributed load on deck

for girders and transverses as follows:

Z=475bh 1%  cm3 (5.3)

where b is the mean width of plating supported by girders or
transverses. This formula is used to specify the initial dimensions of
members. The final dimensions are estimated by using the actual stress
analyses. The worst loading condition of deck transverses is the loading of
tandem axle load Fig.5.5 which is considered as double that of single axle

load.

tandem axle

e

j P - I

transverse

Fig.5.5 The tandem axle load which is assumed to be loaded on deck
transverse and taken as double of single axle load

After specifying the dimensions of deck members, the computer

program estimates the weight of the deck for the areas considered at the

final stage of the program.
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5.3 Results

The computer program was run for different stiffener spacings to
determine how the scantlings of the deck change as stiffener spacing
changes. As mentioned before, optimization of the deck design is done by
considering minimum mass of the deck structure but noting the depth of

stiffening. Computer results can be seen in Appendix 7.

The comparison between transverse framing and longitudinal
framing systems was done using Fig.5.6 which shows the changes in
weight as frame spacing changes for both framing systems. As Fig.5.6
shows the longitudinal framing system is around 20% lighter than the
transverse framing system in weight. Obviously such a difference in weight

is a big advantage for optimum design.

190 -
P= 15 tones (axle load)

170 - [unv]= 1.5 (tyre print ratio)
°
c
S 150
E 4
& a0
° ] & —8— _a_,_,_._——a——'_""
£
5 110
]
=

90 - B Longitudinal Framing

® Transverse Framing
70
50 v T y T v T T T T v
400 500 600 700 800 900 1000

Stiffener Spacing (mm)

Fig.5.6 The comparison between transverse and longitudinal framing
system based on deck weight and stiffener spacing
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The main reason of this big difference is that the unsupported deck beams
must be designed to carry 2.5 a\xle loads. In order to meet the maximum
stress condition the dimensions of deck beams had to be increased, thus
the weight of the transverse framing deck appeared as 20% heavier than
longitudinal framing deck. Additional longitudinal girders could reduce the

beam span but might give headroom difficulties in the space below.

If we compare the depths of the stiffening members between two
framing systems, it is seen that transverses in longitudinal framing are
slightly deeper than deck beams in transverse framing while those deck
beams are twice as deep as longitudinals in longitudinal framing system. In
general the depth of stiffening members below a vehicle deck is an
important factor in maintaining ample clear deck height especially if there is
a further vehicle deck below. Even if there is not clear deck height is
always valuable and minimum depth of deck stiffening allows minimum

depth of ship.

The results show that longitudinal framing is the optimum
selection considering the advantage of the lighter deck. Optimum stiffener
spacing appeared as 700 mm which gives the minimum weight deck. This
stiffener spacing is the same value as the stiffener spacing suggested by the

Llosld's Register of Shipping.

5.4 Consideration of Different Design Methods
There are several design methods as well as society rules on deck
design. The society rules are the mandatory guidance for the structural
design of commercial ships. Design of decks for wheeled vehicles is not
limited to ferries carrying trucks. There is considerable interest for

helicopter landing platforms and decks for aircraft carriers. The
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classification societies are usually willing to offer guidance in novel
situations but their rules are only issued after a good deal of service
experience. Consequently a first principles approach backed up by
experimental evidence is often needed. Some approaches give similar
results while others do not. Generally, it is accepted that the society rules
give conservative results compared to other approaches. This section
considers particular approaches to the design of deck plating with

comparison of results.

While plating is an area of particular interest for first principles
approaches,stiffeners are also significant. They are analysed by elastic
design taking into account the safety factor.In this section deck members

are examined separately as plating and stiffeners

5.4.1 Plate Design
Depending on the actual pattern of loading the stress in the plate
may become significant before the stiffening members carry much stress.
Consequently the plate thickness is an important feature of deck structure.
It may be chosen on the basis of elastic, elasto-plastic and plastic design
methods. It can be argued that as vehicle decks are not always prime
watertight boundaries, deck thicknesses should not be conservative

provided the stiffening is conservative. However deformation associated

with relatively thin plating can be unacceptable.

Deformation is also expected as a result of manufacture with
relatively thin plate but where the only substantial loads are applied
transversely to the plane of the plate, deformation has little effect on

strength. Acceptable levels of deformation are generally associated with
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practical convenience in moving vehicles. Figure of s/50 have been guoted
for aircraft loading deck while this figure is between s/100 and s/150 for
Ro-Ro vehicle deck [Ref.30 and Ref.10].

The plate design can be examined in a two different groups as
follows

a) Elastic Design

In order to carry out the calculation for elastic design, the
following methods are considered:

- Continuous Beam Theory

-Haslum's approach [Ref.23]

-Simply Supported Rectangular Plate [Timeshenko Ref.54]

Continuous Beam Theory : Authors think that continuous
beam theory is a convenient approach to find the maximum moment and
then the maximum stress in a plate. Calculations are carried out along the

A-A strip (Fig.5.7) considering the actual loading.

S=0.7 m.

A-{==-F==q4=-1-"1 "7 " [T A

-4
Transverse (

Longitudinal

< 55 m. >

Fig.5.7 A-A line is assumed as continuous beam

Tyre loads are considered uniform loads since length of tyre print
occupies the half of the stiffener spacing. Also the ends of beam are
considered as simple supported edges. Loading condition and moment
diagram can be seen in Fig.5.8. Wheel load (P) is chosen as 6 tonnes for

this design as well as others.
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q— Q= 17.14 ¥m

-0.14 t.m. -0.14 t.m. -0.137 t.m. -0.137 t.m.

Fig.5.8 The moment diagram of continuous beam theory,tyre load is 6
tones

As can be seen from the moment diagram, maximum moment
occurred at the middle of the beam which is symmetrically loaded between

two longitudinals.

Haslum's Approach : According to this approach, Ref.23, the
maximum moment is calculated at two steps. The first step is to calculate
the beam moment on a unit strip of the plate. The strip of the plate is taken
into account as a continuous beam on a rigid, knife edge support which is
provided by the transverse frames. The second step is to make a correction
for this mofnent to take into account the two-way action of the plate.
During the calculations the deformation of plate because of stiffeners and

welding is not taken into account.
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For the first step Mp is obtained from graph (u/l vs M/P 1) in

Ref.23 Having obtained the moment for continuous beam solution, the

second step was applied to make the correction to the moment for the plate.

Since the maximum moment was found at midspan , plate moment (Mp) is

determined by using the graph (Mp/MB vs. u/s). The results are as follows

V/5=0.75
M/Px1=0.09
Mp=0.38 tm
u/s=0.75

A
I

1

u

%70

A

Fig.5.9 Calculation way of Haslum

Mp=0.234 tm(after the reduction for two way action)

where P : wheel load (tonne), 6 tonnes

Simply Supported Rectangular Plate (Timoshenko) : In

order to find the bending moment for simply supported rectangular plate

under a load uniformly distributed over the area of rectangle [Fig.5.10],

the following formulas are used:

WL (P MALLLLLSSRRIE P PRCTRRIG ERO) RCEY

8 nth

xt

My _P w0 -45—51—[1—5-+7» O(1+v)-(p+y)(l1-v)]1 5.5

th

12

172

o

u/2

7

v/i2 v/2

u/2

\

y

S

Fig.5.10 Simple supported rectangular plate
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In case of ratio 1/s>3, the plate is considered as 1/s=ce. Since this
particular deck plate has the ratio 1/s=4.5, the calculations are carried out
as if the plate is infinite long rectangular plate with 1/s=cc and moments are
calculated along the short side of the plate(x axis). The results are as
follows.

Mx=0.752 tm
My=0.342 t.m
M +M

M=—r—Y 0841 tm
1-v

- Results

All calculations were carried out for a 6 tonnes tyre load.Using
the maximum moments, the maximum stress is found for a given plate
thickness which was taken as the required thickness estimated from rules.
Also the required thicknesses to generate yield stress are estimated for each

method as shown below:

max
w

g=

O = max. stress )
t

w = section modulus of plate = Y3

t = plate thickness ; 11mm (obtained from rules)

Cont. beam Haslum Timoshenko
Mmax(N mm) 7026000 2340000 8241800
OnaxN/mm2) 348.42 116.41 408.6 .

tg (mm) 13.26 7.65 14.36
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tr= required thickness considering the eftective yield stress
which is 240 N/mm?2

As can be seen from the results the continuous beam and
Timoshenko's methods a give greater stress than yield stress for elastic
design while Haslum's approach gives nearly half of the yield stress. To
reduce the stress a thicker plate is required for Timoshenko and continuous
beam theory. This, of course increases the weight of the deck. However
Haslum's approach requires about 3mm less thickness compared to the
thickness required by society rules.This result can indicate that Lloyds
Register rules are conservative on deck design but Lloyds Register takes
into account some safety factors (i.e against corrosion, wear and some
uncertainties.) while Haslum's approach does not tz;ke into account these
factors. If the differences on results between Haslum's approach and other
two are considered it can be seen that these different results are obtained,
since Haslum's approach takes into account two way action and has

differences in fixity assumptions.

b) Plastic and Elasto-Plastic Design

In practical design of deck plating considering plating behaviour,
there are two general approaches to calculate the deck plate thicknesses:
The Plastic design approach and the Elasto-Plastic design approach. For
instance Jackson and Frieze [Ref.30] used Elasto-Plastic design philosophy
in which they estimate the thickness of plate from consideration of
allowable permanent set between stiffeners resulting from wheel loading.
In general this reference is very useful for deck design. However the
design curves produced from the data of some experiments are not in the
same range with our design range. Because these experiments were carried

out by modelling the impact loading of aircraft's tyre on deck and these
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loads are considerably greater than our design loads. There is no design
curve for our load ranges. Considering this point these experimental results
are not included in the comparison. Haslum [Ref.23] used the plastic
design approach to find the plate thicknesses without a permanent set. On
the other hand Clarkson presented a set of curves for the thicknesses of
uniformly loaded long and short clamped plate by using Elasto-Plastic
design philosophy. Although Clarkson's [Ref.10] curves are given for
uniform pressure loads, one can utilize ‘them for a large class of
concentrated loads. In his analysis, Clarkson has two types of design
which are with permanent set and without permanent set. In this thesis for
comparison of various methods to calculate the plate thicknesses, Clarkson

curves take into account permanent set.

Three different methods, which are Haslum's [Ref.23], Lloyd's
Register [Ref.31] and Clarkson's [Ref.10] are compared for two types of
tyre prints which are square and rectangular as shown in Fig.5.11. and
Fig.5.12. They show comparison of the Haslum's approach and the
Lloyd's Register's approach for a square loaded surface. In the same figuré
the comparison is also made between the Lloyd's Register and Clarkson
approach (short clamped) for a uniformly distributed rectangular load. In
order to make this comparison, Clarkson's results for long clamped plates
are used. Then, the thickness for short clamped plates (u/v<2.5) is

obtained after performing the necessary corrections.

The comparison for square loads shows that Lloyd's and
Haslum's curves are nearly the same for the plates satisfying a ratio of s/v :
1.0-2.2. Since Lloyds' does not give any formula for the ratio s/v<1l, we

can not deduce any conclusion for this range.
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v

s s
Square loadad Uniformly distributed
Load

Fig.3.11 sonsiderad tyre priats

For the second comparison as seen in Fig.5.12 Clarkson's curve
gives less thickness than Lloyds' for s/v>1.2, while both curves give
almost the same values for s/v<1.2. If the whole curves are'examined, it
can be seen that for s/v=1, the dimensions of tyre prints, (i.e. u and v) and
'the loads on the prints become equal. As shown in the same figure, at
s/v=1 four curves obtained from different approaches give the

approximately same plate thicknesses.

From this comparison one can conclude that the three different

approaches for the plastic and elasto-plastic design present similar results.



119

L TAN

ugsop arerd o1 soyoeordde Juarsyytp Jo uosuredwiod SHI Z1°S B

n/s

juud eih] jo uotsuewiq Buo :n

Buioedg Jeuseyns :s

wnisey -o-
bg) 'y s‘phoT =
f0:S/A) 'Y sphof] -e-
uoswe|)) o

- Cl

vi

{ww ) sseuxdjyl-8ield



120

5.4.2 Stiffeners

The role of the stiffeners in deck design is very important. Their
failure means collapse of the deck while deck plating failure would not be
as catastrophic as side shell plating failure. Generally the stiffeners are
designed by elastic method and thus are treated conservatively. In the
choice of the usual elastic theory, safety factor is important. Safety factor
should depend on:

a) uncertainty in the loads,

b) uncertainty in structural response arising from variable material
and fabrication properties, incomplete mathematical models and doubt about
boundary conditions, design and human errors, |

c¢) the economic and social consequences of failure.

Safety factor, (Fy), is calculated using following formula :

Oy: Yield stress

Oy Actual Stress

Typical values for primary structure are :
Fg = 1.25 to 1.5 in aircraft carriers and some other naval ships,
= 1.75 in box girder bridges and civil engineering structures
generally where the load can be estimated accurateiy,

= 1.5 to 3 in merchant ships.

Designers can take the view that the safety factors suggested by
the classification societies are too high but actual loading may be worse

than expected loading. Greater precision always reduces the factor of
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ignorance as safety factors may be called but societies are always likely to

err on the side of safety.

Taking 