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ABSTRACT

In passenger transporling, walerways are the safest and cheapest means of transport
system worldwide. It has been pragmatie in recent years that in Bangladesh this transpost
svstem are suffering the insuffieiency of passcngers or unable to atract more passengers
o travel on wesscls for which many rcasons can be pointed out: while there 15 a
abundance of passcngers on road transport. 1hough DBanpladesh is a reveric country, the
potentiality of its rivers has not been utilized properly. lis water transpor system is still
very much ordinary 1 11 1s compared with the road trmsport. The conveniences in the
Journey are no! growing up with the same pace of road tansport. But there is still a lot of
demand lor waler transporl among people. Waler transporl must ereale an attention of the
passengers {or many reasons such as 1w provide cheap, relaxed and economical journey:
i lessen traific congestion on road and thus 1o reduce heavy road and ral network

infrasiructure development and maimtenance cost.

[1v this project work, Journey time by waoter vessels has been considered as one of the
parameters which are vital factors on drawing the allenlion of passengers. For a fast
journcy. a vessel nesds to have a better spead. Increasing 1he speed of a vessel will alzo
make the operational cost high, It has been tried here to find the minimum Required Fare
Ratc {RI:R) of a conventional vessel, the RIFR that will make the journcy time on water
equal to that of road on a specific route. From the RIRs on water and road. it will be
possible to have a suggestion ahout the present convenlional passenger vessels regarding

whether they are snitable to compete with road vehicles.

‘A model passenger vessel has been chosen for this purpose. Theorctical naval
architectural procedures have been followed to determine its hydrostatic properties and
also the resistance of this vessel has heen delermined 1o indicate the required oulput
power of prime movers. An estimation of construetion and other operating cost of the

veessel have been made (o gel the RFR and then it has been compared with road iransport.

Curtent stale of passenger vessels and wafer. transpofahion gathercd by inlerviewing
related community has been discussed here. This should: provide a basic ground up on

which further workings might be carried on,
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND AND PRESENT STATE OF THE PROBLEM

Bangladcsh is a land of river and her rivers are the lifeline of the nation which provides
the cheapest means of transportation, The country has about 5968 k.m. of perenmial
{Rainy scason} & 3600 k.m (Dry Season) water ways :[1] & [2]. Over 88.6 million

passengers are carried cach year over waterways by molor launch on 230 routes {1] & [2].

Total of 310 numbers of rivers and numerous canals of Bangladesh made it possible for
inland passenger vessels to be the number one transport system of chotee lor some special
regions of this country [2]. But recently, other mode of passenger transport such as road is
playing & significant role in this arca. The rcason of this growih may be attributed to
lcsser time taken by road vehicles n companson with water vessel. That’s why people

prefer road to water transport.

As per Bangladesh Inland Water Transport Corporation (BIWTC} and Bangladesh Road
Transport Corporalion {BETC), the [are rate for water imr.:i road transport is Tk.0.51 and
Tk.1.03/passenger-km respectively [2]. Now, if we consider a specilic route. suy Dhaka
tr Barsal, [or both water and Road, the distance is 174.0 km on waterways | 1] and 249
k.m on road including a Jerry ¢rossing [3]. Average speed in both cascs is approximately
17.4 km/hour and 30 km/hour considering the present time of journey for water and road

iz 10.0 and 6.0 hours respectively.

In spite of having a4 lower fare rate than that of road, water transport remaining at the
same old posiiion, 1s lousing ils competitive edge with road transport. not being able to
provide less ume ol Joumey wilh conventional speed. It may be noted from above
discussion lhat journey {iine on water is much higher than that of moad. Since year 2002-
03, the volumes of passenger movement by waterways and towal number of registered

passcnger vessel are decreasing, while for mad, these numbers are inereasing [2] & [31



£

Now, if the passengers are to be attracted to waterways for an cconomic and conlented
Journgy, inland waler passenger transport must achieve an enhanced specd to compote
wilh road vehicles. As higher speed reduces the time of journey. an e[Tort may be carried
out to improve lhe spesd of our inland passenger vesscl. Obwiously il increases the
operaling cost due (o higher rale of fuel consumption/km. But there is still a provision to
allow thas lagher cosl because apparently the present fare rate for water is much less than

thit ol toad.

The main locus of ihe current preject wark is to find out the optimum speed for which the
water-frm}spun fare rate equals that of road transpor. It may be noted that water trangpori
15 more environmental friendly than road transpor [7] CIf large number of passenger
movement oceurs by water transport. then it would help reducing traffic overcrowding on

rod ag well as the environmental pollution,

1.2 OBJECTIVE OF THIS PROJECT

The main objective of this study is:
o to find the optimum specd of a speeific passenger sewsel based on fuel
consumplion and other operaung expenses i comparison 1o road transport.
¢ to calculate minimum required passenger fare it fnighl make the waler transport

feasihle.

The outcome of the proposed sludy would be a feasibility repon (that would recommend
whether the project is viable in fulfilling passenger demand that would attract them 1o uge

waler transport as {irst poonty.



1.3 OUTLINE OF METHODOLOGY
The study has followed the steps outlined bellow:

1. Selection ol a passcnger ship as model that is plying in waterways presently
and then determining its averall acquisition and operational cost to find out the

minimum Required Fare Rate (ILFIV).

2. Assessing capilal amortization using Net Present Value (NTV) of equal annual

paymenis and scrap valuc of ihe ship.

3. Estimation of optimum speed aganst 4 specilic RER and to comparc it with

that of road transport.



CHAPTER 2

ANALYSIS OF PRESENT CONDITION

2.1 STATISTTICAL HIGHLIGHTS

Some of the recent data available from Bangladesh Boreau of Statistics {13BS) can be
analyzed and presented in tabular firm here to have a betrer understanding of the scenano

involved in water and road trunsporl seetor of Banpladesh.

Table 2.1; Summary of value added of transport sector at curent price

For public sector {Million 1 aka)

Items 200-02 1201]2-03 2003-04 IUU;-US A | 200R-07 | 2007-08

Land Transpori: 185693 240941 ZHR6)2 293742 328407 MoREZ0 407120
Bangladesh Raiiway | 3450 3232 156 3812 1595 137 4411

Mechanized Road

122601 L6756 188515 206496 ima22 258759 286206
Transport

MNot-Mechanized Road

) G611 THTI 76221 §3434 94390 105630 1183503
I'ransport
Water Transport: 17145 27925 18857 200341 3137 33067 34860
Mechanized water v .
TRAYA L9681 20937 21801 22014 14291 24204
Transport
MNon- Mechanized Road
#3547 52144 TUM) &40 H4=5 B776 9106
Transport
Total {of all tramsport
and commumcatiyn 255237 | FI1122 ] M4d42 | IEIEDO | 432057 49084 548274

SeCLOTS)

Source- Bondadeslt Burean of statisees, Strtistical Year book of Barglade i 2008




This table shows the amount of value added by waler and land transport There are ather
scetors contributing to value addition o this table such as Air transpor, Communication.
Support Transport Services and Storapge. From this table it is seen that water transpert
lags tar behind the road transport inl recent years in terms of value addition to transport
sector. So, there 15 a lot of potentiality to improve the contribution of water transport by

utilizmg river ways pmperly.

Table 2.2; Rate of Fare and Freight of different modes of transport {(public and prfxfatﬂ)

Wame of Tranzport
. 2000-0% | 2002-03 | 2005-04 | 2004-05 | 200506 | 2006-07 | 2007-08
corporation

Fare in T'aka per passenger per kilometer.

BRTIC 0.62 0.72 072 072 .78 (.87 1.05

BIWTC 0.26 029 | 0.29 .29 042 0.42 0.51
FFreight per ton per kilometer in Taka

BRT{C I 50 1.50 1.50 1.50 247 2.58 3.04

BIWTC 123 1.25 1.25 1.25 1.25 1.25 1.25

Sowrce Baugladesh Burean of stainics, Staiistieal Yearbook of Bongladesh, 2008,

BRTC: Bangladesh Boad Transport Corporation.
BI'WTC: Bangladesh Inland Waler Transport Comporation.

This table shows that the fare rate for passenger and freight rate for cargo carrving are

much less in water transport than in road lamsporl, Tor the pubhic seclor.
'he lare rate of passenger vessel for privale sector, fixed by BIWTA, is as follows {4]:
For 1 100 km:
Deck Class: 1.18 taka'k.m,
1™ Class:  3.54 taka'km
For Excess of 1% 100 k.m:

Deck Class: 0.88 laka/k.m.




1" class:

2.64 taka’ km

In actual practice passcngers don't pay the fare as decided by BIWTA. Tn fact. the owners

fake much less [are than that 18 shown above, due 1o their business policy.

Table 2.3: Transporl Statislics
Source! Capacily HI-02 | 20021 | 2003-04 | 2004-05 | 2005-06 | 2006-07 | 2007-08
Orpanized Road Transport:
Bus/hiinibus | 29717 | 31848 | 33302 ;| 34388 | 35349 | 36526 | 37906
Micro-Dus | 14743 | 16244 | 17359 | 18826 | 20998 | 23637 | 206484
Trocks | 48763 | 30786 | 520951 | 53082 | 37309 1 50674 | 61717
Jeep | 107900 | 11009 | 11172 | 11386 | 11704 | 12000 | 12506
Organised Water Transport:
BSC vessel nos 13 13 13 13 13 -
BI'WTA vessel nos - 208 | 194 194 154 193
Private Vesscls: *
Cargo - 1647 1795 1542 1853 15893
Passenger - 2036 | 2119 | 2095 | 2082 | X075
Total - 3783 3914 3T 3933 3973 -

Sorce Banglodesh Burean of siafistics, Sratistical Pocket Book and Staristical Yearbook of Bongladesh,

2R

BSC: Bangladesh Shipping Corporation
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Figure 1: iransport Statistics: Road Vs Water

From this bar char. it can be noticed that the number of Bus/ minibus on roads are
ingreaging over recent years, but the number of privaie passenger vessels are decreasing
while this number should have been increased also, il not'the same. Fhis implies that the
demand of watcr transport is reducing day by day and the same is increasing on rad or

people are diverring from waten to road transport,

2.2 EXPOSURES ON PRESENT WATER TRANSFORT CONDITION

Many mmportant aspects of existing water transport and vessels have been ligured oul by
intcrviewing few officials, learmed and expenenced persons involved o this scetor. These

are discussed below:

2.2.1 SIZE OF PASSENGLER \"ESS!ELS :
There is still a lot of demand among people lor water transport. But journey on water Las
to be safe, comlortable and specdy to ahiract passengers. In past lew decades marine
accidents (Capstzing of ship, Collision cte) arc one the inajor concerns among the people,
though the number ol accidents arc less than that on roads. But due o Jarge number of

casualty in a single aceident, usually occurred with smaller vessels, people have fear in



their mind abowt water transport. Relatively small sized vesscls are more vulnerable to
manne accidents. 1hat’s why adequate number of passengers is not available to journey
on them to make the uip prefilable. So. relatively large sized vessels are replacing ihe
amallcr sized vessels resulting in contracting the tolal number of passenger vessels, Bul
big size vessels arc not suitable to ply in every corner of the country over narrow and
shallow river ways in many locations. Also, larger size vessels Lake longer tiine to reach

the destination.

2.2.2 NUMBER OF PASSENGER "fF‘iHF'Lh

Number of passenger vessel needs to be increased as it will reduce traffic volume on
roads and thus potentiality of rivers are used. It will help taking away pressure from road
transport. Afler the construction of proposed Padma Bridge, iraflic volume 1s likely to
increase on that toule, 17 a modem and iimely waler iransport system 15 in operalion, then
it wili help to reduce traffic volume on road attracting people for a safe and comforiable
journey on water. Presenmly, according lo many people, the buosiness of water
transportation is down comparing past days as {a). Price of marne fuel s high, {(b). Fare
ratc can’t be increased. This leads to reducing the number of passenger vessels. Tn these
conditions. there is a necessily o balance between government fund allocation on road

and water (ransport, ,

N

2.2.3 DESIGN OF PASSENGER YVESSELS

Inappropriately designed relatively small vessels are vulnerahle to accident. Bul ng size
passenger vessels will cause trouble o other vessels at daytime 1 Wl plies wiih high speed
on niver as it will make large wave in water of which other small vessels might not
withstand. At nipht, larger vessel may run on rivers with high power engine(s} with high
speed because of less trallic on nivers al night. Smaller vesscls could be solution to this
problem. So the stability and safely of small vessel have to be ensured. Also, small
viesscls ean achicve hiph speed easily if they are constructed with a fine hull shape. But a
vessel with fine holl shape needs more depth at midship for retaining the stability. On the
other hand, depth of the rivers restricts .dlc vessels to hdve a proper design that could
ensure sullicient statality. {ranght of a vessel is one of the main components on which
stability of a vessel depends. Inadequate depth of the rivers does not allow the vessel to

ply with sufiicient draoght. This makes problem for the vessels regarding stability.



However, appropriately designed small vessels can come into operation for a specdy and

sate journey.

224 NAVIGABILITY OF RIVERS

Duge to natural causes, vast amount of silis are camed each yeur by nvers of Bangladesh
which leads to gradual Hilhng of navigable roules n rivers. To keep this waler route
navigable all the vear round, dredging 15 necessary, Dredging works are expensive and
the fund allocated ior it is not sullicienl [4). This causes a serious problem lor waler

transport. So 1t will be helpiul (o buld! design vessel compalible with shallow draft.

2.2.5 PASSENGERS” RESPONSE
As safety, comtfort and bme are the main charactenstics of which passengers are
concerned, they nughl be willing to pay a higher Fare than road fare. Properly designed

small passenger vesscls might be suitable for these.

2.2.6 GENERAL TRACTICES
In order to have a sale journey, certain rules and regulations have to be strictly followed
such as:
-Rules for passenger loading and distribution have to be strietly followed.
-Lile saving appliances has to be on board according to rules.
-5hip construction methods iri local shipyard need (o be modified.
-awareness amaong the passengers has to be raised.
-skilled sca cane and engine drivers. mechanized steering and rudder arranpement.
appropriate propeller. estimation of power of the ship are necessary.
- using of correct scanthings and new steel plates
- Passenger [ile needs to be wnsurcd on watcr instcad of just compensation.
Presently. ship owners are unwilling to get insurance for their ship due to high
amuunt of premium.
-ship owners have to comle up with up o date design concepts of theit vessels that
will meet all the requirements.
-Hull shape of preseni passeniger vesscls is not suitable to achicve a pood speed
because of faully comstruction process such as absenee of l.ofting works and

modern construction methods. If the hull shape 1s nol properly designed and



constructed according, the ship will encounter eatra amount of resistance during

service. This makes the final construction and operation cost high.

2.2.7 TTME OF JOURNEY

For long distance, such as Dhaka to Barisal, usually passengers are not willing to travel in
day time, Mosi of passengers in that route are of deck elass. They seek to travel Tor the
lowest amount of fare. That’s why they preter decks of passenger vessel for an overnight
joumey so that they can utilize daytime for their work. If the journey time can be reduced,
they might travel in daylight. They are likely to pay a mgher amount of fare for a safe and

speedy Journey.

2.2.8 NEW CONCEPTS AND IDEA

There are not mueh alternatives for present conventional type vesscls due to some natural
constraints and socio-cconomic state. So, innovalive ideas and concept in all the aspects
arc noeded. ShiRing from conveniional ship design concept 10 modern and scientific
concept, such as following models from other countries that are successfully operating

their inland water passenger transport can be a pood idea.

F}



CHAPTER3

DESCRIPTION OF TERMS AND METHODOLOGY

31 PRINCIPAL TERMS USED FROM NAVAL ARCHITECTURL.

Naval architceture like afl subjects has terms unigue to itself. It is convenient lo have a
terminology and shorthand in the form of abbreviations and symbols. It is cssential in the
study of the subject to have a clear undersianding of the meaming ol various lenins,

abbreviations and the symbols used.

Displacement {A):
The weight of water displaced by a vessel. Displacement volume=4A%35 for sall water or
A%359 for fresh water (river water). Lither V' or reverse symbol A 1% wsed lor

displacement volume [5].

Lines Drawing:
The delineation of the ship’s form in three plangs or views. The longitudinal elevation is
known as profile. The transverse sections are shown in the body plan and the horizontal

seclions 1 the halt-breadth plan [5).

Offsets: ;

The horizontal and vertical distances of points on the moulded surface (ic. the co-
ordimates from reference planes). A able of oflsets gives the half breadth at every station
for each waterline and for the various decks. It also gives the heights of the butlocks and

decks at gach IH[.HHUH above some suitable datum such as the wop the keel amidship.

Midship Section: -

The transverse section midway between the fore and aft perpendiculars.

11



Mid ship Scetion coefficient (Cp):

The ratio of the immersed Midslip area Ap, o its cirenmseribing rectanple, that is, C= A
+ B.d. where B is the moulded breadih and d is the moulded draught [5].

Breadth {Moulded) B mld:

It is measured at amidship and is the maximum breadth [10].

Fore body:
The immersed body forward of the Midship section [10].

After Body:
The immersed body alt of the Midship scetion.

Load Water Line (L.YY.L):

The load water line 1s the line al which the vessel is designed to float with the speciflied

load or condhitions [3].

Draught Moulded (d mld):

11 15 the distance of the top of the keel below waterlime [ 10].

Depth Moulded (D mild):

It is the veruical distance at amidships from top of kecl to the top of the deck beam at side

or underside of deck plating al the ship side [10].

Perpendiculars:

Vericals to the water lines at twao positions torward and afi. The [ore perpendicular (F.P)
is usually taken through the intersection of the fore edge of the stem and the summer load
line. The all perpendicular {ALP) is taken where the aft side of the stempost meels the
summer load line, or. if there is no sternpost, at the cenler of ihe rudder post. These
positions correspond with those required by the Rules for the determination of scantlings

and make the Lenpth Detween Perpendiculars (L.RB,P.} [3].



Block CoefMicient (Cg):
I is the ratio of the volume of displaccment 1o a given waterline and the volume of the
cirenmseribing block of constant reetangular section having the same length, breadth and

draught as the shap 110].

Prismatic CoelMicient:

The ratio ol the immersed volume to the area of the Midship section multiphicd by the

water fine length. That 15 (= v + L% Am here A i the Midship section area [3].

Tons Per Inch:

The addiiional displacement in tons for one inch additonal immersion [3].

Trim:

The difference between the draughts of water ferward and aft [3].

Chanpge of Trim:

The alferation of trim due to the addition, removal or movernents ol luads or from other

causes is called the change of tnm,

Centre of Floatation (CF):
it is the centroid ol the watcrplane area. For small angles ol inin consccutive waterlines

pass through the CT" [10].

Centre of Buoyvancy (B):
It is the centroid of the underwater velume of the ship and is the point through which the
total force of buoyvancy can be assumed to act, IS pusilmn"lrs; defined thus:

a2, KB=thc vertical distance above base.

b, LOB = the fonpitudinal distance from amidships [10]-

Centre of Gravity (():
It is the point through which the total mass of the ship may be assmmned to act. The
position is defined thus:

a. K{i=the verical distance above base,

.13
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b, 1L.CG=the ]{:;ng{ludinal distance from amidships [10].

Hydrostatic Curves:
For various purposes durmg the completion ol a slop and {or {iture design purpose it is
essential 1o plot the results of the displacement and other calculztions in relation to the

dravght. Such curves are called the hyvdrostatie curves and the most important arc:

a. Displacement in tones (A)

b. Vertical Center of buovancy (KB or YCI).

¢. Longitudinal center of buoyancy (LCD).

d. ‘lons per inch (TP

¢, Iransverse metacenire {BM7)

f. Longitudinal Metacentre (BM)

¢. Longitudinal Centre of Floatation (L.C.F):

h. Momeni io change tnml inch (MCT1):

1. Form Coelficients: Block, Prismatic, Midship Area, Waler plane area {9].
Lighrweight: | :

This generally defined as the weight of the ship complete and ready for sea but with no

fuel, feed water, fresh-water. stores, prosimions. ballast-other than permanent ballast-

passcnpers and bappape or cargo on board [9].

Deadweizht:
The total deadweight of a ship is the difference beiwceen the load displacement and the
lightweight, The laner comprises the net steel, wood and outfining and propelling
machinery. Consequently the total deadweight includes:

a. Cargo.

b. Fuel, i

¢. Feed and Fresh waler,

d. Stores and provisions,

e, Passenger and Bagyayge.
Thus,

Displacement = Lightweight + Deadweigiit.

Sometimes the crew and cffects are included in the deadweight [9].
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Yaterplanes:
These are plunes al nighl angles (o the middle line plang; they are symmetrical about the

middle line plane. Waterplanes looked at edge on in the profile are called waterlines [10].

Freeboard:
The vertical distance between the actual or permissible waterline and the upper surface at

side of the deck to which it is to be measured [10].

Scanilings:

The dimensionsg and thickness of rolled sechions and the breadih and thickness of plates

which together compaosc the ship’s steucture or parl of same [10].

S onits:
31 is the accepted abbreviation for the International System of Units agreed at he General
Conference of Weights and Measures in 1960, The system is an cxtension and refinement

of the (raditional metric system.

Quantity - Unit 4 Unit symhol

Length Metre m
Mass Kilogramme ke
Time Second s
Force Newton N = kg m/s’
Work Joule J=Nm
Power Wau W=1I's

Hesistance:

A ship in mation encounters two ﬂli?lds, water and air, both of which olTer resistance to
the motion. 1he resistance cxerted by the water 18 very much greater than that exerled by
the air. The study of resistance. in naval architecture, has been based on cxperience,
experiment and theory.

The principal elcments contributing to the registance to motion of a ship in smooth water

are.

15



a.  Skin fnetion drag due to the friction of the water upon the surface of the ship.

h.  Wave-making resistance, representing the encerpgy applicd by the ship to the
wave system gencrated on the water surfacc.

¢. Eddy resistance due te the cnerpy carricd away by cddics formed arcund stern
fitlings, bossings and sudden changes in hull section.

d. Alr resistance experienced by the above-water structure advancing through the

water [9].

Power:

Powr is the rate of doing work and the unit of power is a horse power which is exerted
when work is done at 350{t-Ib/sec or 33000 (-1h/rmmn.

The unit of speed [or a ship is the knol which is onc nautical mile 6080 ft/he. Thus v
knols= V= 6080/60 =V = 101.3 i/ min. _
When the otal resistance R, necessary lo maintan the given speed ¥ 1s known, the power

cxpended in overcoming this resistance will be ILY [%].

Statutory Requirements:
All inland ships which have over all length of more than 20 meter and a propulsion unit
ol more than 12 kilowatt and arc built by steel have to, follow few specific Tules and
regulations under the title “Inland Shipping Ordinance 19767, These laws and rules have
hecn modificd up to March. 20035, The headings of these rules are:
1. Inland Ship construction Rules-2001 .
Inland Ship (Passcnper) Rules-2001.
Intand Ship (Freeboard) Rules-2001.
Intand Ship (Stability) Rules-2001.
Inland Ship (Lile Saving) Rules-2001,
Inland Ship (Fire Fighting) Rules-2001,
Inland Ship {(Navipation) Rules-2001.
Inland Ship (Dangerous Goods) Rales-2001.. f
Inland Ship {tonnage) Iules-2001 and few mcrre.[llrl]

AT L o
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A2ECONOMIC CRITERIA
There are a number of different economic criteria which may be uscd to asscss the likely
success ol @ shipping nvestment or to compare the profitability of alternatives. These
gnieria should take account of:
-the time value maney.
-the full life of the invesiment,
-changes in items of income and expendilure which can be expected over the life,
-the ceonomic facts of life such as inferest rales, laxes, loans and investmenit
grants. . . .
The time value of money rcprcscnts' the facts that a sum’ of money available now is of
much more value than the same sum not available for a number of vears.
Intcrest (or discount rate) in fundamental 1o the calealations whether there is a need to
barrow or net. This takes account of the fact that if available cash is used the interest it
might have eamned is being forcgone [11].
Interest:
This may be simple or eompound and the following relationships apply:
-Simple mierest
Total repayments after N years: £ =F (/+ND o (34)
-Compound Interest
Tolal repayments after & years: £ = P i+ ... ... g e e o [303)
4 -1-1)'\'r= Compound amount factor (C4) :

P = Original Investment

Present Worth:

The reciprocal ol 4 15 called the present worth (/£H) factor.,
PW= L (CAY = (T+57% . (3.3

P=(PHIE e {34

Repayment of Principal:

If the loan is repaid by ammual installments of principal plus interest. this may tuke two
P i
forms: .

a. principal repaid in equal inslallments with interest being paid on the reducing

halance; or
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b. Fgual annual payments with interest prcdﬂlniﬁatiﬁrg in the early vears and capital
repayments in the later vears.
The concepl of equal annual payments cnables a present sum of meney to be converted
into an annual repayment sum spread over a number of vears with the annﬁal sum A
being linked to the sum invested—the “presens sum £ by the capital rcecovery factor
fCR}
i1+ 0"

1+ -1

A={CR)P and CR= e e {35)

Net Present Valoce:

[n this iype of calculation the net present values (NPV} of income and expendilure are
calewlated over the assumed life of the ship (N} years. The final sum should be positve
for the investiment to be profitable at the assumed discount rate—or where allernatives are

being compared it should be the larger sum.

NPV = ¥ [PW (passenger capacityx farc rate) - PW (operating cost) - PW (ship

acquisition cost)]  from | to N years. ............ (3.6

Required Vare Rate:
The required fare (ILFR) is that whic'h will produce a 7era NPV, i.c. the break-cven rate.
Transposing the equation above gives: 1 i

rPW [{ CHICHCIETFIE cos )+ PN {shpocoguis ilecrer COS ]
RFR = T FPassengerC apacity
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I3 INPUT DATA

a. Description of the Muodel Ship

Principal Particulars :

Lengih O A 7364 m
Length LWI 6807 m
DBreadth (MLD) : Il m
Depth (ML) 2333 m

1.4 m

Dranght (LOADED):

Table 3.1: Offset Table of Lines Plan

Half Breadth
S"';,:in““' WL | WL2 | WL3 | Wl
0 0 0 0 Q
0.5 0 0 3027 | 4930
1 0 371 4962 | 5395
1.5 3913 | 5063 | 5352 | 5465
2 4954 | 5358 | 5483 | 5500
3 5313 | 5483 | 5500 | 5500
4 5313 | 5483 | 5500 | 5500
5 5313 | S483 | S500 | 5500
6 5315 | 5483 | 5500 | 5500
7 5313 | s483 | ssoo | ss00
8 s0o6 | 5285 | 5359 | 5419
8.5 4448 | 4826 | 5051 5203
9 2527 | 3628 | 4167 | 4549
9.5 695 1576 | 2350 | 2991
10 0 0 0 0
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Table 3.2: Hydrostatic Properties of the Wessel
Draft | Displacement KR Cs TPC DM,
| {M) {Tonne) (M) {Tonne) (M,

0 350 110.1008 0.2936 | 04810 | 54785 1139.866
0.700 326.5903 04260 | 0.6715 | 60794 491.6416
1.050 541.4292 0.6164 | 0.7119 |  6.578] 373.6700
1.400 784 7065 0.7944 | 0.7485 | 6.8753 2002724
D(;‘;;t 'E;If MCTlem | AWP LCB BMy
0.350 1170 21.10984 | 547.853 | -0.589247 42.497
0700 | -0.6029 254224 607.935 (1.4292 17.0479 |
1L0S0 | 0.5606 30,7242 657.812 (.3435 1z |
1.400 1.0349 33.4614 /| 687.529 0,6940 g2045 |

b. Service Specd of 9 knots to 20 knots.

¢. Total Number of Passengers on board = 723 persons.

d. Light Ship Weight = 634,43 tones

V.05, = 305 meier above from Base.

¢. Number of Voyage in a vear: Case-1; 330 imes.
Casec-2: 660 times.

-

[ Specific Fuel Consumption of Lngine = 1%8gn1’k'W . hr

¢ Specific Lubc oil Consumption of Engine = 0.9gm/kW _]}r_
h. Dicsc! Price =1 k.44/liter "
1. Lubricant Oi] Price = Tk.14{/liter.
). Distance: Dhaka to Barisal

by waterways ; 174 kilometer |1].

249 kilometer [3].

by toad :

k. Road fare: by Bus:

Passenger Capacity: 42 persons

Farc: Tk 300/ person.

~
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3.4 DESCRIPTION OF METHODOLOGY

3.4.1 Basis of Se¢lecting the Model Ship:

In order to [ind out the specd-cost relationship, design of a practical passcnger vesscl that
15 plying on the rivers presently on Dhaka to Barishal route has been picked up. It has
becn considerced as the model ship for all calculation and to compare with, The reason
behind this is to keep the compariseon realistic and also to determine the incremental cost
of our conventional passenger vessel with enhanced speed. This model ship is
considerably large in size that can accommodale guite a big number of passengers which
reduces the cost per passenger in comparnng with relatively small vessels, In addition o
that, facts about the recent accidents on walerways showed that smalier vessels are mors
vulnerable to capsize. That's why pedple are willing o l,:rw.;e] by a large size vessel.

3.4.2 Selection of Drawings:

Many drawings are produced to conslruct a shop, Of them, the General Amangement Plan
and Lines Plan of the slap has been collected to start with.

Lines plan is used w calculate hydrestalic properties of the shup. General Arrangement

Plan {GA) s used to find the distribution and capacity of passcngers and cargo on board.

3.4.3 Hydrostatic Calculations:

First of all, al calculation stage, 10°s needed 1o delermine the hydrostalic properlies of the
selected model ship that will be required as input dala in later stage of other calculations.
It is customary o prepare h}'dr:)ﬁilali:: chart from gathering all that hydrostatic properties
lr be available on board for master or mariners. Uheorctical procedures ol Nawal
Archilecture have been followed to determine the Hyvdrostatic characteristics of the vesscl

at various designed number of water lings. The fonnulas used here are given bellow:

Misplacement Calcalation:

The calculations for displacement, cenire of buoyancy and of floatation, transverse
metacentre, ete. are conveniently set out in a standard 1abular lotm termed a displacement
sheel, Such u sheel 1s based on the integration rules:
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a.  Aimpson s First Rule
The area under a curve, A =5/3.(y14 4v21 2v30 ¥4 oo ¥o-1= ¥o )
v, ¥2. ¥aete are length of the ordinate.
b. Simpson’s Second Rule
The arca under a curve ={31"'H}.S.(Sv + 3% 3¥5+ 2% o 3V Ya )

¥, ¥2, yscte are length of the ordinale.

. "5+H-1" Rule cte
‘I he arca under a curve. A =(S/12)5v 1+ Byz- ¥3)
As shown in appendix f, the offset table of lines plan drawing has been rearranged 1n

2 tbular fonn to stan the calculalion.

Tones per Centimeter {TPC):
T.P.C. = Area of walerplane / 104,

Transverse BM (BN )

BMr = I/V where 1= moment of incrtia of watcrplanc aboul middle lme and

¥ = volumic of displaccment

Moment lo change irim lem:
MCT lem = (W= GM 1001
W = displacement
.= length ol waterline up 1o that displacement,

GiM = Longpihudinal Metacentre

Block Co-eflicient (Cg): f
Cp = immersed volume / (LxB=D}

L= length of circumscribing rectangles
D= breadth of circumscribing reclangle

D= depth of circumsceribing rectangle

Prismatic coefficient (Cp):

Cp = umunersed volume/ (length * midship area)



Midship Area coefficient (Cp):
Cm = midship arca/ (B =1}

Water plane area coelficient (Cyoh:

Cw = area of waterplanc/ (1. = B)

3.4.4 Estimation of Construction Cost; g

The cost of a ship is the sum needed to pay for all the materials and labor invelved in its
consiruction plus the overhead cost incurred. The material and labor costs atiributable to a
particular comstructiom are easily identifiable, but making a correct and equitable
allocation ol overheads 15 not a easy matler depending as it does not only on the ship
being costed but on the general Tevel ol activity n the shipyard at the nme.

Cost can be divided i iwo calegories—estimated and actual, The estimated cost 1s that
calculated when 4 shipyard s tenderimg; the actual cost is that calculated when the
shiprard is tendenng; the actual cost is that ascertained to have been incurred at the end
of the Contact.

For lhe model ship of this project, cost mewrming tlems have been wdentified and their
present market price has been  incorporated. Hundreds of items are required in
constructing a ship. Almost all the names have been tried to accnmulate in order 1o get the

actual cost. These have been shown in a tabular form under cost cstimation scction.

It is worthy of noting that the local shipyards of our country don’t mainlain a book of
records of materials needed. Usually the owner supplics the materials. Bo its not an casy
task to have proper record of costing of our costing. But the owner of this model ship and
many other learned personnel relating to this sector has been interviewed; they provided
uselul inlormation for esiimation of cost.

3.4.3 Determination of Speed-Cost Relationship:

In order to find the naturc of this relationship. all the ttems of costing have been sorted
oul and mometary values of them have also been calculated. Rstimation of the
construction cost is summarized in a separale {able as shown later. Annually recovered
amaount on investment and return rate at 10% has been calculated using the formaula

. o
CR= M , {CR beinp Capital Recovery Tactor) feq” no. 3.5)
{1+ =1
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When a vessel moves [orward inlo the water it has to work against a resistance force
generaled by water and air. This resistance force is the mest imporant critenia for
predicting the power the ship will need to achieve an approximate speed. Power
estimation is a difficult process in conventional method. An authentic and inlemationally
renowned Ship Design Software "Hullspeed of Maxsurf suit” has been used to predict the
power agamsl various speed of the vessel.

Greater portion of cost duc to higher specd are the cost of consumption of dicsel cil and
Jubricatmy o1l Speciflic fuel consumptions of these two items have been found to be
1980/ KW howr and 0.9gm/ M Wi howur consecutively. Then total consumption anpd cost

have been calculated against various speeds.

All the costs have been Apured out on annual basis, and then the RFR has been calculated
considering two cases:
Casc-1: 1{ong) no. of voyage in 24 hours,

Case-2: 2(two) no. of voyages i 24 hours.



CHATPTER 4
DETAILS OF ESTIMATION

4.1 COST ESTIMATION
In this stage, it's needed to estimate the total cost of the model ship: from design
preparation to Operation. Components of cost and assoeialed value in Taka are shown

hellow:

1. Construction Cost : 44,791,121.75
2. Dperating Cost

lixed Cost : Annually

a.  Olfice maintenance and managemernt 600,000.00
cost
b. Crew Cost 1,161.600.00
¢. Derthing Charge 330.000.00
d. Conscrvancy Charge 11.613.87
e VAT 326,250.00
f. Tax 47,123.00
g. Welfare Fund ol
Passenger . 14,500 00
1k:20/passcnger i
Total Fixed Cost for One vear : 2.491,088.87
Yanable Cost :

a. lFuel Cost :

Digsel Depends on speed
Lubricant Oil Do
¢. Miscellaneous expenscs 1,200,000.43
3. Maintenance Cost
Yearly A
taint
sunvey
Iitngss -
> 1,000,000.00
Periodic :
Docking
Undocking
Engine Overhauling




4, Depreciation
30 years @ 2.3%
25% scrap valuc at NPY 641,728.60

S0, lolal Cost of the Ship is reduced to: 44,149,393.15

Complete break down of this estimation has been shown in Appendix A,

4.2 CAPITAL AMORTIZATION

Capital amortization is made on the assumption of a 30 year lile, Rate of Return of (0 %

om investment and on the basis of equal annual payments based on the formula:

i+

CR= ———F—
A+ —1

Where, | = Rale ol Retum

N = Ship Life

CR = Capital Recovery l'actor
Sa, the annual Payments will be,

0.1¢1. 1"

=44149393.15 a1y -1

=4.414,938.32
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4.3 ANNUAL OPERATING BUDGET
Capital Charges:
Capial amorlisalion 4,414, 938.52

Operating Cost:
Fixed Cosl 2,491,085.87

Variable Cost:

Diescl -—--

Lube il -

Miscotlancous expenses

{Excluding fuel cost) ! ' 1,200,000.00
Maintenance cosi: l.ﬂﬂ[}.i}ﬂ[}.:ﬁ[}

Total: 9,106,027.18

Here, for simplicity. it is assumed that no escalation will occur and the cash flow will be
uniform. Also, tolal cost will be bom by the owner Le.: no Loans and no 1ax allowance
have been included.

Now, in order to 1ind the diesel and lubricant oil consumption and thus cost thereof, it is
nceded to know the resistance that the vessel needs to work apainst. A vessel moving
forward in watcr faces different resistance at difierent speed. Brake horsc power (B.H.P.)
of the prime mover (engine} should be equal Lo that resistance at different speed of
advancement.  For this purpese, an estimation or pl’n:‘dﬁ;liﬂl'l ol required power of the
engine is possible. “Hullspeed® of Maxsurf suil has been used to get the required power of

engine in kilowatt against a speed range of' 9 to 20 knuts, The result is presented below in

a tabular format:
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Table 4:1: Resistance Vs Power

Speed Resistance Power
{Knots) {KN) (kW)
9.28 61.05 469.82
9.83 74.84 610.08
10.1 §8.24 739.49
10.93 §9.79 813.92
1.2 106.04 Y85.45
11.75 154.68 1508.01
12.3 164.74 1681.31
12.58 161 41 1684.16
13.4 PE60.04 1779.43
13.95 199,58 231014
1423 27233 262425
1478 273.67 3355.13
15.6 321.84 4165.94
1587 | 327.95 4319.91
16.43 331.06 4511.83
16.97 324.04 4564.16
17.25 322.81 4620.50
17.8 319.55 4719.61
18.63 319.37 4935.55
18.9 32833 5149.00
19.17 " 33853 2 5386.19
19.73 34589 5661.10
20 354.4 588122

Once the power required oul of engine 15 known then total diese]l and lubncant oil
consumption can also be cstimated 1f their specific consumption is known. lrom the
brochures of the enpines mostly used in our inland vessels, it is known that specilic tuel

consumption and specific lube oill consumption are 198gkW.h and 0.9¢/kW.h

respectively.
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As the Dhaka to Barisal route has been taken for the model ship. the distance of the two
destination poinl 15 94 nautical miles {converled from kilometer) [2] and hence the
journey time needed can be obtained.,

From these above data piven so far, the caleulated resulls ire presented below in The table:

Table 4.2: Estmation of Dhesel Consumption & Cost: 1'or Lach voyage

Speed Puwr::r :{:ﬂiz: {:1'; I:l"lt:llll']lzllll]t:lzlll ‘r’u!ume Cost
{knot) (K¥¥) (hr) (Kg) {Liter) {Taka)
9.28 469.82 10.13 94227 1121.753 48.357.14
6.83 610.08 9.56 1155.12 1375.140 60,3001 8
10170 739.49 931 1362.71 1622276 71.380.14
10.93 8§13.92 &.60 1385.97 1649.967 72,598.36
11.20 UB5 .45 839 1637.61 14949.532 85,779.40
11.75 1508.01 8.00 T 2388.69 ~2843.676 12512174
1230 | 1681.31 7.64 254411 3028.701 133,262.86 |
12.58 1684.16 7.47 249170 29603110 130,517.62
13.4] 1779.43 7.01 2471.55 2942 320 129 462.07
13.95 2310.14 6.74 JO82. 17 3669255 161.447.20
14.23 2624.25 6.61 3432.36 40)86.148 179,790.50
14.78 3355.13 0.36 4225.01 5029.776 22131016
15.60 4165.94 6.03 497(.29 5917.008 260,348 306
1587 4319.9] 5.2 5066.30 4031 308 265,377 .57
16.43 4511.83 372 5111.03 6084.556 267.720.48
16.97 456416 5.54 5005.78 959,266 262,207.71
17.25 4620.50 3.45 . 4985.32 5934.903 261,135.74
[7.80 4719.61 5.28 | 4934.91 ,'?;58?'4,892 258.495.24
18.63 4935 55 5.05 4930.78 5869978 25827902
18.90 514200 4,97 20754 6036536 265,599.66
19.17 5386.19 4.90 5229.41 6225487 273.921 42
t9.73 5661.10 4.76 534431 6357517 279,730,773
20.00 588122 4.70) 5473.06 6515.552 286,684 .27
Digsel Price: Yaka 44 diter (marke! price) Specific Gravity : 0.84 g/flitter

Tote! Distance to Travel : 94 Nautical Mile
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Table 4.3: Estimation of Lubrication Oil Congumption & Cost: For Each voyage

Time of

Total Lube Qil

f]-cp::t‘; ?E:?}r Journey |: Consumption TIDJ ::'L::]E {.:,:;]:;)
{hr} {Kg) ;
9,28 469.82 10.13 4,28 4.66 651.770
3.83 610.08 0.56 5235 371 798.995
10.1 739.49 831 6.19 6.73 542 587
10.93 #1392 5.00) 6.30 685 058.677
11.2 985.45 8.39 7.44 8.09 1132732
11.75 1508.01 8.00 10,86 11.80 1652.254
12.3 168131 7.64 11.56 12.57 1759.759
12.58 1684.16 7.47 11.33 12.31 1723.508
13.4 1773.43 7.01 11.23 12.21 1709.569
1395 231014 6.74 14.01 15.23 2131.938
14.23 2624.25 6.61 " 15.60 16.96 2374.165
14.78 3355.13 (.30 15.20 20.87 2622439
15.6 4165.94 6.03 22.59 24.56 3437.945
15,87 4316.91 5.92 23.403 25.03 3504.357
16.43 4511.83 5.72 3.23 25.25 3535294
16.97 4564.16 5.54 2275 24.73 3462 498
17.25 4620.30 5.45 22.66 24.63 3448.343
17.% 4719.61 5,24 22.43 24.38 3413.475
18.63 493555 505 22.41 24.36 3410.620
14.9 5149.00 4,97 23.05 25.05 3507290
19.17 5386.19 4.90 23.77 25.84 3617.180
18.73 661,10 4.76 24.27 2638 3693.893
20 Su81.22 4.70 ' - 24.88 27.04 3785716

Luhe (I Price: taka {40 Aiter (market price)

Tenerf Dhstestee te Treeved - V4 Nautical Mile

In this stage. it is possible o prepare a complele anmual operating budget once the total
diescl and lubricating oil consumption and cost are determined against vanous cruising

speed for each voyage. Then the annual consumption and cost are easily identihable if the

total number of vovage in a vear is known.

.3“.

Specific Gravity © (0L.92 kg/litter




Ong important factor nceds to be considered here that, at present days, the vesscl that are
plying in that specific route usnally serve one trip in rwenty four hours at night. And this
trip usually takes 9 to 10 hours. it reveals that the averape speed of a vessel is somewhere
between 9.4 knots to 10.4 knots. If she would travel with a higher speed, then the journey

time would be less proportionately.

If it is possible to reduce this jowmney ume considerably, then it might be possible 1o give
two trips in Lwenly JTooar hours, So, two cases can be analyzed at this point: case-1; wiih
one number of (rip in twenty four hours and case-2: with hwo numbers of trips in the same
iime, one trip during day time and the other at night time. The advantage of casc-2 will be
tal having lwo numbers of trips in twenty four hours, cash flow will also go up and it
will expedile the capital recovery time if the fare rate is kept the same as case-].
However, 1f the {are rale 1% such that jusl to recover the total cost of a vear which 13 higher
tham casc-1 duc to higher rate of dicsel and lubricating cil conswmption, then the fare rate
will be less in case-2 than in case-1 due to one extra trip in 24 hours, The reason behind
this less fare rate is that one exlrﬁ'i trii:: will increase .:l.ht: lotal passenger.km which
eventually reduces the cost per person due o higher nu]nbér of passenger caitied.

It can be asswmed thal 4 vessel 15 in service lor 330 days in 2 year and the rest of days she
expends 1or 115 docking, engine overhauling and other maintenance pumposes. So, total
number of voyages for case-1 and for case-2 18 330 and 660 himes respechively. Tolal
dicsel and lubrication oil consumption and cost. thus, can be found mukbiplyving above

mentioned cost by 330 and 660 for casc-1 and for case-2 respectively.

For both the cases. total cost can be cstimated and presented in a tabular format as given

in the next two pages:
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44 DETERMINATION OF

TOTAL

POWLER OF ENGINE OUTPUT

Table 4. 4: Case- 1|

: One teip in 24 hours

ANNUAL COST WITH DIFFERENT

Speed I’nw?r }JE;:: UJ;::;:?::E Total Diesel Tut:::]]illauhc ‘Total Cost

{knot) | (kW) (hr) g Cost Cost Cost {Taka)
O2R da8 82 10,13 S, 10602715 | 16,287.855.13 215083 97 25.608,%54.30
083 a15.08 836 G 06027 18 | 19987037497 | 26300822 25.356,733.39
1010 73949 03] 9 106.027 18 23,53535.444.60 305335 F2972,525.54
10833 | 813.92 8.60 9106027 18 | 23,957,524.00 306,163,258 33701450
LL2G | 98545 B34 Q10602708 | 28,307.202.08 373,801.54 FLTEINI0EN
LLT5 | 150801 RHH 210602718 | 41,290,175.52 545,243 96 50,941 446.67
(230 | 1681.31 764 210602718 | 43,976,742.72 S80,720.55 53,663 490045
1258 | 168416 7.47 9106.0027 18 | 45070814118 568,757.61 3274559897
1540 | 177943 7.0 Q06027 18 | 4272248234 564,157.83 33,392.067.83
1393 | 231014 4.74 S06027 18 | 5527757714 703,539,649 63,087, 144,01
1423 | 262425 4.61 9,106,027.18 | 59,330,864 0% 783.474.41 69.2240,366.53
1478 | 3335.13 6.36 9,106027.18 | 73,032,352 a6, | 96440495 83.102,784.99
1560 | 4163554 .03 9,106,027 18 | 85914938 87 L34 52200 | 96 15550806
1587 | 4319.21 S92 D06.027 18 | 87.574,5396.77 | LiS6437EI 97.837,061.77
1643 | 451183 572 $.106.027.18 | 88,347,7539.11 Ibo6,647.56 | 9862043383
Lo.%7 | 456416 354 910602718 | B6,528,543.26 | 1.142,62449 | 95,777.194.596
17.25 | 4620.50 3435 O 106,027 1§ £6,174,793.00 Li37,933.16 %64 18,773.44
17.80 | 4719.61 328 9,106,027 18 | B5,305425.09 | Li26,440.63 | 55535.901.90
18,63 | 493555 505 9106027 18 | 85232,077.67 | 112550444 | 95463.609.29
L8203 | 31490 497 9.106.027.18 | 87,647,885.25 | 1,157,403.65 | §7.911.322.09
19,17 | 5386 19 490 10602718 | BOS39406T 83 | 119366942 F 1HLOS3, TR 43
1873 | 3661 10 4.76 & 106,027,158 Q2.311,140.23 L213,984 69 | 102,635,152 1]
00 | SRR 22 4.70 &, 106,027.18 B GO, 206 (12 1249286 200 | 104,961,122 40




Tablc 4.5: Case-2: Two trip in 24 hours

Speed | Power };::;:; (;;::;:;:g Total Diesel Tut%illauhe Total Cost

{knot) | (k) (he) Cost Cost Cost {Taka)
028 469 82 1013 QUNGDZT. 18 | 3257571030 230,167 .93 4211190542
9,83 010 08 G956 GLBE02718 | 39934,075.98 52733643 49,567, 43360
IV RTH T34 44 931 0,106,027, 18 | 47,116,5%9.21 622,107.50 56,5830.023.39
10,93 813532 5.60 91602718 47915 04 07 632,726 a6 ST 633 80151
11.20 U545 8349 G.106.027.18 5661440417 747,603.07 66,4608.034 .42
11.75 130801 800 G, 104.027.18 82,580,351.04 1,090,487 .93 92,770,866.15
1230 16g1.31 T.64 9106027 18 87953 485 44 1,161 441 10 08 220 933 72
12,58 1684 16 7.47 ¢ 106027 18 86,141,628 35 11375153 21 05,385 170,75
13 410} 1779 43 101 9, 106.027.18 §35, 444,965 65 1128,5315.66 95,679,308 52
13.95 2310.64 .74 O 106,027, 18 10655515427 1. 407079 38 117,068 260 84
(423 2634 25 6] 910602718 | 118.661,729.97 | 156694882 126 334,705.97
1478 333513 830 9106027 18 | 146,064, 70572 | 1,925,200 59 137,049 54274
1560 4165 94 6503 G lued27 18 | I7IE20L17.75 | 2.269.014.01 183.204,%88.94
13 87 431991 382 CInGe027.18 175,149 13354 | 2,312 875 62 1RO S6H G 35
1643 4511 83 572 GI0e027.18 | 17809351822 ) 233329511 158,134.840.51
1697 4564 16 554 8,108027.18 | 173,057.080.56 | 2,285,248.5% 184,448.362.73
1725 452050 545 10602718 172 348 58619 | 2275 906 32 183,731.51%.69
1780 471661 528 G 10602718 | 170606 85618 | 223289327 151,965.776.63
18.63 44935 55 505 930802718 | 170464,15533 | 2,251 008,88 181,821,101.40
18.90 514900 4,97 QIMG02ZT. I8 | 175,295,778.50 | 23148113 186, 7T16.0616.499
12.17 5386.149 4 90 Y 10602718 | 180,788.135 66 | 238733884 P92281.50].68
19.73 5661140 4,76 Y.106,027.18 IE#,E?.?.,ZSD.:% 243786834 b0, 160,277,003
20000 SBEI1.22 4,70 10602718 182 211,618 05 | 2408 57239 200,818,217 62

In case-2, there should be other various cost items associated with the extra numnber of

trip in a day. Due 1o lodal cxtra numbers of trips in a year. the wear and tear of the ship

will also be inercased which requires more money to be expended for its extra amouni of

mamntenance and overhauling and other resources consumption, possibly with an addition

lr crew salary for extra number of personnel on board. Cruising speed wall also be

reduced pradnally over the life of thel ship. Dut this matter has not been dealt with here (o

1 \ . i
avoid much complexity in the estimation, Mam locos 1s on the speed-cost analysis based

on fuel and lubrication ot consumption.




:
4,5 DETERMINATION OF MINIMUM REQUIRED YARE RATE (RIR)
Now it is pussible lo deterrmine the minimom required fare rate (RFR) for both the cases
a5 lotal operating cost is known. Minimum Required "are Rate (RI'R) is that amount in

moncy vahlue at which it will give a Zero NPV that is the RFIR required at which the

income cquals the total expenditure,

Total Number Of passenger on board: 725 persons

Case-1: .
Number of Vovape in o year: 330 tinfes
So. Total number el passenger camed 1 a year:
= 239250 persons
Distance to travel of the sad Route = 94.00 Nautical Mile
or, FOR. 1Y Milc
or, 174,19 Km
Total Number of Passenger. Km = 41,675,517
Case-2:

II'we consider two trips in a day:
Number of Voyage o year = 660 tirnes
S0, Total number of passenger careied in a yoar:
= 478,500 pcrsons

Total Kumber of Passenger.Km = 83,351,035

One of the primary paramelers lor comparison with road transport is to compare the
RER/km in both (ransport sysiems. So, for waterways, the RIFR/Kin has been calculated

in next step and presenied in tabular form again for both the cases.
. L

It 15 to be noticed here that these RT'R/km has been calculated on the basis of firsl vear's

capital recovery amount plus the yearly operation and mamntenance cost. It is also



possible to calculate the NPV of total cost of cach vear of:the ship life and then find out

the RER/km. But, to have an idea about BI‘E/km, considering only the first year's cost

will serve the purpose as it can be said that RUR/km will gradually go up over the ship

lite.
lable 4.6: RFR Vs Speed; Case-1: One trip in 24 howrs
Time of Total

f;?::g I;E: ;}r .]n;:;e}- Total Cost ]';:;z:::lg*::‘f {g:‘k]:} {l;szk:)
o4 46982 10.13 25,608,966.30 239,250 107.04 (.614
9.83 610.08 9.36 29.336,733.39 239.250 122.62 0.704
10.10 | 73949 9.31 32,972,525 54 239,2§ﬂ 137.82 0.791
1,93 | 813.92 8.00 33.379,914.50 239,250 139.52 0.801
1200 | 985.45 8.39 3778703080 239,250 157.94 0.907
11,75 | 1508.01 X000 50,941, 446.67 239250 21292 1.222
12.30 | 1681.31 7.04 53,663.490.45 239250 22430 1.288
12.58 | 1684.16 7.47 52,745 398,97 239,250 220.46 1.266
1340 | 1779.43 7.01 52,392.667.85 239,250 215.99 1.257
13.95 | 2310.14 6.74 63,087,144.01 239,250 263.69 1.514
1423 | 2624.25 6.61 69,220366.58 239250 289.32 1.661
14,78 | 335513 6.36 ®3,102,784.09 239250 34735 1.994
15.60 | 4165.94 6.03 96,]{55,508.[]6 239,250 401 .94 2307
1587 | 431991 5.92 97.837,061.77 _23 9,25:11 408.93 2348
1643 | 4511.83 572 08,620,433 83 239.250 412.21 2.360
16.97 | 4564.16 5.54 96,777,194.96 239.250 404.50 2.322
17.25 | 4620.50 5.45 96,418.773.44 234,250 403.00 2.314
17.80 | 4719.61 5728 095,535 901 %) 239 250 399 31 2.292
18.63 | 4935.55 5415 05,483 60929 239,250 399U 2291
18.90 | 51459.00 4.97 07.011,322.09 2302510 41024 2.349
19.17 | 5386.19 4,90 100,693,764 43 239,250 420,87 24186
19.73 | 3061.10 4.76 102.636,152.11 239,250 42899 2.463
20.00) | 5881.22 4.70 [04,961,122.40 230250 438.71 2.519

Considering one voyage in 24 howrs.

‘.'L




Table 4.7: RFR Vs Speed: Cage-2: Two trip in 24 hours

Time of Total
Speed | Power e RFR BFR/KM
Journey T'otal Cost Number of
(knot} | (kW) (hr) Passenger | (13K} | (Taka/km)
928 | 469.82 10.13 42.111,805.42 478,500 8R.01 {1.305

983 | 610.08 9.56 49.567.439.60 478.500 103.59 0.595
10,10 | 759.49 931 36,839,023.89 478,500 118.79 0.682
1093 | B13.92 8.60 57,653,801.81 478,500 12049 0.692
11.20 | 98545 8.39 66,468,034 42 478,500 138.91 0.797
1175 | 1508.01 8.00 92,776,8606.15 478.500 193,89 1.113
12.30 | 1681.31 7.64 98,220,953.72 478,500 205.27 1.178
12.58 | 1684.16 747 96,385,170.75 478,500 201 .43 1.156
13.40 | 1779.43 7.01 95,679,308.52 478,500 199 94 1.148
13.95 | 2310.14 6.74 117,068,260.84 | 478,300 244.66 1.405
14.23 | 202425 6.61 129,334,705.97 | 478,500 27029 1.552
14,78 1 335513 6.36 157,099.542.79 | 478,500 328.532 1.885
1560 | 4165.94 6.03 183,204.988.94 | 478,500 8287 2.198
1387 | 4319.91 5.92 186,568,000.35 | 478500 389.90 2.238
16.43 | 4511.83 372 185,154,840.51 478,500 393.1% 2.257
16.97 | 4564.16 5.54 184 448.362.73 | 478,500 38547 2.213
17.25 | 4020.50 545 183, 731,519,609 | 478.500 38597 2.204
17.80 1 4719.601 3.28 181,965.776.63 | 478,500 38128 2,183
18.63 | 4935.55 3.05 181 82 1,1S1.40 | 478,580 379.98 2.181
18,50 [ 5149.00 4.97 186.716,616.99 | 478.50] 390.21 2.240
1917 | 338614 3.90 192,281.501.68 | 478,500 401.84 2307
1975 | 5661.10 476 166,166,277.03 | 478,500 409.96 2.333

20,00 | 5881.22 4730 200.816.217.62 | 478,508 419.68 2409
Considering wo voyage in 24 howrs

Now, the RFRs can be presented araphically plodied as Speed Vs RI'R for both the cases
50 that the behavior of RIR with growing speed can be clearly understood. Also the Time

Vs RFR figures can be plotted for both the cases. From the second [igure 1t can be

36



estimated what amount a passcnger needs to pay for each kilometer distance traveled

according to a specific duration of journey. These figures are given next.

1 1
' n

g
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Tigure 2: Required Fare Rate(ﬁFR) Vs Speed. Case-1: One tnpin 24 hours. Case-2: two trips in 24 hours
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4.6 COMPARISON WITH ROAD TRANSYORT

In this project, a specilic route such as Dhaka to Barisal has been laken in an effort 1o {ind
out the minimum RFR lor iraveling on walerways. Now il is required to compare this
RFIU with that of the roadway lor the sume destination places Typical inlerview ol the

concerned persons regarding road Joumey reveals the fotlowing:

Distance- Dhaka to Barisal: 249 k.m. {om toad) [3]

1 o
Considering a passenger accommmodation [or a standard bus on thal route:

Number of Passenger: 42 people

Time of Jouney: & hrs

Average Speed (in knols) 22.39 knots

Average fare per passenger; 300 taka

[‘are rate .83 taka/passenger.km.

For this samc amount of fare rate, the time of journey on water was found 1o be:

Considering:
Case-1: 1 No voyage in 24 hours: 8.54 hrg

Case-2: 2 Wos voyage 1n 24 hours: 8.35 hrs

Hence, i's Tound that with the same amount of RFR, time of journcy on road takes lesser
time than that of water. In order to defeat the road regarding joumey lime, it's needed 10

ingrease the speed of water vesacl for which the cost and BI'R will po up also.

Minimum RIR required for water vessels to equal to the jourmey time on road, ie. 6

hours: !
Considering:
Case-1: Ine Yoyage in 24 hours: 2.30 taka/passenger.km.
Case-2: 2 nos. voyage n 24 hours: 2.19 taka/passenger.kim.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

3.1 CONCLUSIONS

Bangladesh is a land of river and her rivers are the lifeline of the nation providing the
cheapest means of transportation. But recently, other mode of passcnger tfanspr:-rl such as
road is plaving 4 sigmiicant vole in this areq. The reason u't tlis growih may be atributed
10 lesser wme taken by vehicles on road in comparison with water vessels though the
Reguwred Fare Rate {RFR) is higher than that of water transport. The main objective ol
this study 15 to find the optimum speed of a specific passenger vessel based on foel
consumption, as it increases the fuel cost. and other operating expenses in comparison to

road transport.

A mode] passenger vessel was picked up as the basig ship [or companng Lo the road
transport with water transpori. ‘Then the RFR of the vessel has been caleulated on the

hasis of (irst years™ operating cost.

Considenng the RFR and time of journcy for water and Read transpon, apparently the
scope of road transpont is found to be berter than water transponi. It can be secn that the
RFR on waterways is much higher than that of roadways in both the cases. Haising the
number ol irip is not avening that muach {or dropping the minimum RFR. Bat it must be
noled that a vessel has an optimum speed for that specific design of the vessel. This
oplimum speed is that speed up to which the operating costs remain to be cconomical.
Beyond this optimum speed, the associated operating costs tend to incrcasc at a higher
rate. 5o, it's needed 0 design a vessel of which optimum speed can provide an acceptable

Journey time with the operating costs being favorable to the economic condition.
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52 RECOMMENDATIONS

Most of the factors influencing spoed of passcnper vesscls have been discussed in this
thesis work. Surely there are some soms of solution te cach and cvery kind of prohlems
that have been found out during this work., But sugpesting the solution is beyond the
scope of this current project work. This project work can be carried on step by step
towards a complete solution comprising all the obstacles, even te a design of a new ship
that will be suitable for Bangladesh in every aspect. Dur that requires a preat deal of cffort
and work.
During the analysis of Speed-cost refationship, it has been assumed that cxtra amount of
cost due to enhanced speed is only due to extra ﬂIl'lUl-]tllt of fuel and lubrication oil
consumption. But in real practice, that extra amount of cost involves so many other ilems
thal should not be uverlooked. Also, the nature and behavior of a shp get changed alony
with 1ts [ilelime thal comprehensively alTect ifs performance and thus cosl. These are
some complex subjects to deal with separadely. A simple appr;:uat.:h has been followed here
to find a minimum amount of cost that is involved with speed.
Following recommendations misght be placed lor {urther development of this work:

s Dctermination of future demand of water transport of Bangladesh.

s Sndy on allernative and innovative technology and idea for water transpont

system,

42



REFERENCES

[1] Bangladesh Inland Water Transport Authority, Govemment of the people’s republic
of Bangladesh, Anmual Forts & Traffic Report, 1998-9%,

[2] Bangladesh Bureau of statistics, Statistical Yearbook of Bangladesh, 2008,

[3] Bangladesh Bureau of statistics, Statistical Pocket Book, Bangladesh. 2008.

[4] Year Book 2007-08 by Bangladesh Inland Waler Transporl Authority (BIWTA).

|5] Harvard. 5. A., Resistance and Pri::rpuls'ion of Ships. . i

[6] Bamaby, K. C., Basic Naval Archiecture, 6th edinon, 1965,

| 7] Buxton 1. L., Engincering iconomics And ship Design, 1hird Ldition, 1987.

[8] Igbal K. 8. and Shil 8. K., A Comparative Study of Two Passenger Transpori System
Between Two Bangladesn Cities, Journal o Naval Archilecture and Manne Engineering,
Vol. 2, pp. 1-140 2005,

[%] Watson, David (i.M., Practical Ship Design, 1*' edition; 1998,

[10] Smith, R. Munro; Applicd Naval Archilecture, First published, 1967,

{11] Smith, It. Munry; Ships & Nuvail P.rcll'litecture. ' .

[12] The Inland shipping Ordinance [1976.Government of the People's Republic of

Bangladesh, Ministry of Law and Parliamentary Affairs.

[13] Hullspeed, version 11.03; Formation Design systems Pty Ltd.

43



APPENDICES

" 44



APPENDIX A

ESTIMATION OF CONSTRUCTION COST OF PASSENGER VESSEL:

SL ] Cuantit . -‘Unit Price Total Price
No. Ttemy y Unit (TK) (TK)
1. Steel Plale 400 M. Ton 48, 000,00 19200, (5000
2. Contractor charge (M5 443 ton 10, 00(.00 4.000.000.00
PlatetMS Angle+MS5
Tect+Iabrication)
3. welding Rod 4000 Pack 350000 2200, 000000
4. Dock Charge [ Month 30,000,000 360, 000,00
5. Main Engines: with 2 NDS. E;SS[J.D[JD.[J 5,700.000.00
suituble reduction gear {}

box of suilable gear
ratio.  Make- China

6. TPropeller, Propelier 2 MNo 5000000 1,700, 000003
Shaft. Stern tube.
Bushecs. Scaling System,
Rudder ete.

1. Generating sets: 30 2 Sels F00.000.00 1. 40000000
KVA, 15300 rpm. 3
Phase 4 wire system
380/220 Volis, 30H».
Marine Gen set. Make-
hina !

5 Anchor :

Stockless Anchor (750 1300 kg 120000 180,000.00
ke cach fitted & 1 spare)
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Anchor  chain  (stud
link/15. mm dia & (o be
fitted by necessary nos
of joining  shackles,
gwivel, clits ete.

Anchor wingdlass
(Electric motor  driven
anchor windlass & have
Gypsy. Break  shoe,
Winch drum, Chain
stopper cte.

B

Pump scts with pipes & [ittings :

t. (G5 Pump

ii. Bilge pump-

iii. Fire Pump-

v, Sgmitary Pump

v, Semt Rolary Hand
Punip

— O b s

Shackles

~et.

Ny
No
No
No
No

150,000.00

300,000.00

Electric Equipment, Cahlesi Galrle*_rr & Fittings : -

Electric Galley

Wiring system

Distribulion Box
Navigation Panci
Main pancl hoard
CK'T" breaker

Lmergency ckt breaker
switch

Lmerpency panel Board

Ceiling Mounted Fan

Wall mounted Fan

1

As per

require

ments
!

1
1

A per

riguire

Ments

HAs por

requite

1nents
1

As per
requirs
ments
As por
require
menis

46

Sct
Meter

Set
Net
Set
No

™MOs

Set

MNas

Nos

S00.000.00

300.000.00

$00,000.00

1,200,000.00



11.

Tube light

Elcotric cable

Light shade & Light
{Heavy & Marinc
quality)

Taghiing translormer

Navigational equipments :

Hydro-Elecine &
hlanual steering gear
syatem shall be instalfed
wilh necessary [ilting
and rudder indicator.

Telegraph/Bridge
control  system  (Dridee
Lnginc room).

Liquid Magnetic
Compass (fited with &
binnacle and  hawve
dimmmer sysiem).

Horn!/Siren{ fitted &
connected with
NECessary  pUower or air
supply).

Yoice pipec  (Wheel
house to Engine room),

GPS DGPS

facilitics.

with

Internal comimunication
& public address system
{Wheel house, Engine
rooin. staff
accommodation,
passenger’s
accommeodation.

As per
require
MCnis
A per
require
ments
As por
require
menls

1
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Sets

Meter

N

No-

Set

Set

Set

Set

Set

Set.

LS

20,000.00

170.600.00

15,000.00

10,000.00

50,000.00

140,000.00

L

FOOL00 ()

20.000.00

170,000.00

15,000.00

10,000.00

50.000.00

100,000.00



12.

Scarch Light {with one
spare bulb) v be fitted
on the wheelhouse with
an operating handle and
g separale swilch in the
Bridge

Hand Mike (Wilh one

sct sparc hatteries).

Binocular {7/530 rubber
coated).

Mavigation lights
Anchor Taght

Not
lights

Ling throwing apparatus

under  commanid

1

Deck Equipment & Mooring :

Capslan {hitted in  the
aftfer part & supply
neecssary no of capstan
bars).

Double Bollard  (fitted
with supporting  deck
plate & reinforcement
nuts. bolts eic,

FS wire rope { 2" size)
pp rope (4" size).

Heaving line (1" PP
rope)
Wooden pin

Wooden hammer

Fender (rubber or
wooden, ftled around
the side hull with
I'IﬂL'E.'HHHT}'
ArTanyements. )

Hand lead line {with one
spare lead.)

1

10

3

3

()

00

48

Set,

M.

Pair

Nos.
No.
MNos.

Sel

No.

Pairs

ft

Coils

N
Mos.

™NO.

MNo.

23,000.00

7.000.00

7,500.00

"4.000.00

4.000.00
4,000.00

8,000.00

100.000.00

i

10,000.00

40.00

30.00
£,000.00

500.00
700.00

£00.000.00

2,500.00

25.000.00

7.000.00

7,500.00

16,000.00
4,000.00
8,000.00

8.000.00

100.000.00

100.000.00

12,000.00

9,000.00
2,000.00

2.000.00
1400000

100.000.01)

2,500.00



14,

Three celled torch light
{with one set spare
barery and a bulb).

Fire Rell.

Manual operated
foghom
Accommodalion.

Internal finishing
mcluding paneling,
insulation.

Fumniture & Littings
mncluding crow
accommodation,
{Passenyer bench,
Daoors. Chair, Table,
Bunk, Almira etc.}

Life Saving Equipments :

Life jacket

Life Buoy (Two for
W.house fitted wath
30m, buovant life line
and sclf igniting light).
plasiic

Self igniting light
Parachute rocket signal
Red hand flare

Transistor Radio (hasing
MW, 8W._FM band )

Ag per
require
mcnt

;
As per

require
ment

fa—

Firc Fighting Equipmenis:

Fire Alarming system.
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Nao.

M,

M2

Nus.

Nos.

oS,

MNus

Nos

Nas.

Mo,

Set.

500.00

3,500.00

4.000.00

LS

500.00

~ 800.00

1,300.00
450.00

500.00

2,000.00

100,000.00

300.00

3,500.00

4,000.00

775.000.00

475,000.00

380.000.00

100,800.00

2,600.00
1.350.00

100000

2,000.00

100,000



Vire pump (fitted with
mipe lines, hydrants etc}

Hose pipe {15 m lomg
each)with standard
coupling & hose box to
bc fitted.

MNozziles (sprav-jet type)

Fire buckets {titted with
lanyard).

G litres BE type [irc
extinguisher (for
F.room)

G litres BE type firc
extinguisher (lor
accommodation deck).

9 litres BE type [ire
extinguisher (for wheel
house.)

9 titres ABF. type firc
catingui-sher (for
galley)

Breathing apparatus
{selt containing syslem)
Tire man kit

Firctnan Axc
Salety lamp.

Hand/Rotary
pump/Bilge pump

Sand box 50 kg capacity
wilh a scrap {or
LPROM.

Fire drill maching

50

N,

Nos.

Nos.
Nos.

MNos.

Nos.

.

MNos.

Set,

Set’

M.

No.

No

25 0000

5,000.00

120000
150.60

1.500.00

‘.I;-

1.5G0.00

1,500,00

1,500.00

12,000.00

10,500.00

1.300.00
2,500.00

LS

800.00

3.000.00

25,000.00

20.000.00

4,500.00

900,00

6,000.00

9,000.00

1.5300 00

6,000.00

12,000.00

10,300.00

[.500.00
2,500.00

800.00

3,000.00



16.

Any other marine equipments :

Oscallating wall
mounted fan (Iwo for
Wheel house)

Anchor ball

Crow bar
Chipping hammer
Scraper

Marlinc spike
Iland saw
Chipping gagrles

Chain block (5 tons
lilling capacity)

Pliers with rubber
handle

Screw driver (210 mnn)

Dieck brushes

Paint brushes (various
sizes! flwo with long
handle)

Iron hammer

Monkey spanner (2530
mm)

Wire brush

Plastic bucket

Waste basket

Wooden plank (standard
3izc)

Pilot ladder

Iron ladder

Broom

Rubbish collector

Bowl

Ketlie

20

tad

O TR

LY )

20

.1{],

5l

Nos.

MNos.

MNo.

Mo,
MNos.
MNos.

Mo,

Sels,

- Set,

N

Mosg

Nos.

No.

Mo,

MNos,

MNos

™os,

MNos.

Mo,

1.500.00

1.000.00
600.00
200.00
150.00
10400

200.00
3.0

15,000.00

200.00
50L00

S0.04

200.00
&0(.00

4 50,00

L

100.00
100.00

7,500.00

20,000.00
2,000.00
33.00
100.00

25000

~ 30,000.00

3,000.00
600.00
1,200.00
900.00
300.00

200.00
Q0000

15, 004).00)
20000
JURIY

100.00

5.000.00

200.00
600.00

150.00
200.00

200.00

7,500.00

20,000,007
2,000.00
(0.0
500.00
1.060.00
2,500).00)

CYN



17.

Cup 250

[lates 230
Jugs 160 |
Drinking glass 100

Spoons {various sizes)

Cup board/Rack/Sell’

Canvas cover (all

machineries and

equipments are to be 3
safcly covered by

CANVAS cover).

Reels (FS wire ropes &

PP ropes 10 be reeled) 3

Bed sheet 150
Pillows with cover 150
Bed mattress 150

1" Ald box with
medicines

Boat hoolk

Bridge settings & Equipmenty ;
Marinc clock {onc in :
wheel house) 3

Ancrond barometer
(Wheel house). 1

Inclinometer (pendulum
type)

Anemometer | wind
specd indi- cator)

Thermometer {fixced
type) 1

Clear view scroen
(CVS/fitled)

Maos,

Mos

Mos.
Mos.

MNos.

™o,

Mos.

™Nos,

MNos.
Mo,

Nos

No.

HNo.

Nuos

MNao.

No.

Mo.

No.

50.00
60.G0

200,00

35.00

“11,500.00

125.00
180.00
500.00

2,200.00

1,000.00

42,000.00

-1 5,000,100

20,000.00

20,000.00)
500,00

20.000.00

12,500.00
15,000.00

32.000.00
10,300.00

2,000.00

3.500.00

4,500.00

4,500.00

18,750.00
27.000.00
73.000.00

11,0600.00

1,000.00

6,000.00

13,000.00

200000.00

20,000.00

300.00

20.000.00



Window wipers 2 Nos. 5.000.00 10,000.00
VHF {Marinc

international frequency) 1 Sel. 65.000.00 63,000.00
Map of Dangladesh . ' e
(fitted in a frame board) 2 No. 450.00 200.00
?"‘ plan (fitted ina I No. 450,00 450.00
rame board)
Table (stage typc/with
sufficient drawers & )
boxes for secunng small 1 No. 3,000.00 5,000.00
items)
Sits {2 chairs and 1 ool 1 Sel.
its {2 chairs and 1 lool) e 4.000.00 4,000.00
Wheel man’s slanding 1 No. 1,500.00 1,.500.00
platform

18, Paint: {3 coats epoxy / As per
antifouling included ) require Unit S .

730,000.00
rment

19, Zine anode (Hull and ) )
Rudder Blades) 100 Pcs 500.00 50.000.00

20, Intereom system- )
(Digital PABX) ] Units 50,000.00 50,000.00

21, Drawings and Siabiliy
booklet (with approval),
As per POMMD / DOS
Bangladesh rules.

1 Sels 600.000.00 O00,000.00

22, Cost of owners
inspection

23.  HSD Lubec oil
JHydraulic i1 T'imec
oil et for trial - { Min 25,000.00 25.000.00
10 birs} '

1003, 0040

Sub Total= 4341430000



24,

25,

Contingeney &
Miscellaneous

Survey supervision fees
2.25% on Labor cost

only (excluding VAT,

TAX & cost of sparcs

& other malerials) )

400,000.00

976,821.75

Tutal Ship Acquisition/Construction Cost =

44,791,121.75



APPENDIX B
GENERAL ARRANGEMENT AND LINES PLAN
OF THE MODEL PASSENGER VESSEL
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Appendix C: Hydrostatic Curves

1.50

—— Displacement | Unit =530 tonnes
~4—Ch ] Unit=10.1

=== ML 1 Tt —125 % |

—=~ BMT 1 Unit =3 M

wa |CF 1 Unit =1 M

——AWEP 1 Unit =50 Sqr. M _

—— K13 1 Unit =025 M

——TPC 1 Unit =0.5 tfonne-cimn !
——MCT | Unit=3 M

= Ref. Line for LCB & L
—o— LCB 1 Unit =1 M J

140 -0

1.30 -
1.20 -

1.10
1.00

3.90 -
0.80
0.70 -

0.&e0
0.50
0.40
0.30
0.20

a8 o9 10 11 12 13 14 1% 16
i Midship
Units Datum Line
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