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PREFACE
Tim book is intended to COVeT tbe theoretical work in the

Scottish Vocational Education CounCil Syllabus for Naval Ar·
chitecture in Part B of the examination for Certificate of Com­
petency for Class 2 and Class I Marine Engineer Officer, ad­
ministered on behalf of the Depanment of Transport.

In each section the work progresses from an elemeru.aT)l staae
to the standard required for Class I Examinations. Pans of the
subject Mauer and the attendant Test Examples are marked with
the prefIX "f" to indicate that they are normally beyond the
syllabus for the Class 2 Examination and so can be temporarily
disregarded by such candidates. Throughoul the book emphasis
is placed on basic principles, and the profusely illustrated text,
together with the worked examples. assists the student to
assimilate these principles more easily.

All students attemptiDi Part B of their certificate will have
covered lhe work required for Part A. and several of tbe prin­
ciples of Mathematics and Mechanics are used in this volume.
Where a particularly importalll: principle is required, however, it
is revised in this book. Fully worked solutioI15 are given for all
Test Examples and Examination Questions. In several cases
sbortc:r methods are available and acceptable in the examina­
tion, but the author has attempled to use a similar method for
similar problems. and to avoid methods which may only be used
in isolated cases. It should be noted tbat a large proportion of
the worked solutions include diagrams and it is suggested tbat
the students foUow this practice. The typical Examination Ques·
lions are intended as a revision of tbe whole of the work, and
sbould be ueated as such by attempting tbc:m in the order in
which they are given. The student should avoid attempting a
Dumber of similar types of QUestions at the same time. A number
of Examination Questions have been selected from Depanment
of Transpon papers and are reproduced by kind permission of
the Controller of Her Majesty's Stationery Office. while some
have been selected from the SCOTVEC papers and are
reproduced by kind permission of that Council.

An engineer who works systematieally throuih this volume
will find that his time is amply repaid when attcodioa a course of
study at a coUege and his chance of suecess in the Examination
will be greatly increased.
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INTRODUCTION TO 51 UNITS
$1 is the abbreviation for Systeme International d·Unitis. the
metric system of measurement now coming into international
use and being adopted by British Industry.

BASIC UNm

There are six basic uniu in the system:
QUANTITY

length

"'w
time
temperature
electric current
luminous intensitY

UNIT

metre
kilogramme
second
kelvin
ampere
candela

SYMBOL

m
kg
s
K
A
cd

DERIVED UNITS
It is possible to obtain derived units from these basic units ..

The system has been designed in such a way that the basic uniu
are used without numerical multipliers 10 obtain the funda­
mental derived uoiu. The system is therefore said to be
coht!r~nt.

unit ana ,. or
unit volume .. m'
unit velocity .. mts
umt acederation • m/s2

The unit of fora is the Mwton N
Now force :::: mass x acceleration
Hence l newton = I kg X lmls1

N = kg m/s2

The unit of work. is lbc joule J
Now work dOD<: :::: force x distance

tjoule ~INxlm

J = N m
The unit of poww is the WDII W

Now power "" work done per unit time
lwau -lJ+ls
W .. 1Is

Tbe unit of pressure is (he pascal Pa
Now pressure = for« per unit area

1 Pa :::: IN +- 1 m2

Pa = N/m2

MlILnr!.ES .urn sv.MVLTlPLES
In order to keep the Dumber of names or units to a minimum,

multipJes and sub-multiples of the fundamentaJ units are used.
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... lOOO dmJ

_ 1000 em]

- 1000 nun)

In each case powers of ten are fouad to be most convenient and
are represented by prefIXes which are combined with the symbol
of the unit.

MULT1PUCAnON STANDAtD I'kEFIX """'"FAcroo FORM

I 000 000 000 000 10" lera T
1 000 000 000 10' lila 0

1 000 000 10' mea_ M
1000 10' kilo k

100 10' heeto h
10 10' dec. d_
0.1 10"' deci d
0.01 10"' centi c
OJ)()I 10"' miUi m
0.000001 104 micro ,
0.000 000 001 10' nano n
0.000 000 000 001 l~ll pieo P

Only ODe prefiX may be used with each symbol. Thus a
thousand kilogrammes would be expressed as an M. and not
H,. When a prefIX is a«ached 10 a unit. it becomes a new urut
symbol on its own account and this can be raised to positive or
negative powers of ten.

Multiples of 1()J ar~ recommended but others are recognised
because of convenient sizes and established usage and custom. A
good example of this convenient usage lies in the calculation of
volumeS. If only metres or miUimetres are used for the basic
dimensions, the volume is expressed in mS or mmJ •

now ImJ = 10' menJ

i.e. the pp is too large to be convenient. If, on the other
hand, the basic dimensions may be expressed in decimetres or
centimetres in addition to metres and millimet1CS, the uniu of
volume change in 1()J intervals..

Le. I mJ

I dm'
I em'

Several speeial units are introduced, again because of their
convenience. A megagramme, for instance, is termed a tonne
which is approximately equal to an imperial ton mass. Pressure
may be expressed in bars (b) of value lOSN/m1 . A bar is approxi­
mately equal to one atmosphere. Stresses may be expressed in
Jtectobars (IOTN/ml) of about t tonrtinl.
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It is unwise. however, to consider comparisons between
imperial and SI units and it is probable that the pressure and
stress units will reven to tilt bask unit and its multiples.
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CHAPTeR 1

HYDROSTATICS

DENSm' (l of a substance is tbe mass of a unit volume of the sub­
stance and may be expressed in gra.mmes per millilitre (g/ml).
kiloerammes per cubic metre (kg/m' ) or lonnes per cubic metre
(tim'). The numerical values of g/ml are tbe same as t/m' . The
density of fresh water may be taken as 1.000 tim) or 1000 kg/m1

and the density of sea water 1.02S tim) or 1025 k&!m].

REl.AnVE DENSITY or specific gravity of a substance is the density
of the substance divided by tbe density of fresh water, i.e. the
ratio of the mm of any volume of the substance to the tnaS5 of
the same volume of fresh water. Thus the relative density (rd) of
fresh water is 1.000 while the relative density of sea water is
1025 + 1000 or 1.025. It is weful to know that the density of a
substance expressed in tim) is numerically the same as the
relative density. If a substanet has a relative density of x, then
one cubic metre of the substance will have a mass of x tonnes. V
cubit metres will have a mass of Vx tannes or l000Vx
kilogrammes.

Thus:

mass of subst.a.nce • volume x density of substance

Exampk. If the relative density of lead is 11.2. ftnd
(a) its density
(b) tbe m&S$ of 0.25 m' of lead.

Density of lead. relative density of lead x density of fresh
Waler

= 11.2 tim)
Mass of lead • 0.25 x 11.2

• 2.8 t

Example. A plank 6m 1001. 0.3 m wide and SOmm thick has a
mass of 60 kS. Calculate the density of the wood.
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2 aEED'S I'IIAVAl. AltCHlTECT\JU FOil. ENGINEEJtS

Volume of wood _ 6.0 x 0.3 x 0.050
_ 90 x 10" m)

Density of wood _ mass
volume

60 .t&.
_ 90 x IfrJ mJ

_ 667 kglmJ

PRESSURE EXERTED BY A LIQUID
Liquid p1USUte is the load per unit area amed by the liquid

and may be expressed in multiples of N/ml.
e.l. lOS N/m: 'C I tN/m1

IO' N/ur - I bar

This pressure acts equally in all directions and perpendicular
to the surfaet of any immersed p1aD.e.

Consider a troU&b containing liquid of densit)' Q k&lmJ

Let A • CfO$l-sectiOna! area of a cylinder of this liquid in
m'

and h - beiaht, of cylinder in m (Fig. 1.1).

SURFACE Of uO!Jtn

--- --- - -- :t -­
::-_-.::.:---:~ =.:::~ ~=T:~::
--------- --- -- -- ... _------------ -- --------
::::1~:-:: ~ -:-~-t:::-­
.:=-::.:.:-.:: -- - .=.:t:~:::----------- -_.-------
:::.==::::.::1=-: :::.=:.:---=:~----------- ------------___ _ ~ J :

Fig. 1.1

The cylinder is in equilibrium. uncler the action of two vertical
forces:

(a) the gravitational force JV actinI: verticaUy down.
(b) the upthrust P e:x.ened by the liqukl on the cylinder.
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;;qtJ i !i4.t.tW'l$g#=:.::~5"W$#Ul.@:;IU:~ L.lSi J4J l
Thus p=w
but P=pA
where p = liquid pressure at a depth h m
and W"" egAh
.. pA = (.1gAh

P = egh
Thus it may be seen that the liquid pressure depends upon the

density e and the vertical distance h from the point considered to
tbe surface of the liquid. Distance h is known as the hetld.

--,--
:-.==.-r:--

ii

Fia·I.2

The pressure at the base of eacb of the containers sbown in
Fig. 1.2 is Qgh although it may be seen that the total mass of tbe
liquid is different in each case. Container (il) could represent a
supply tank and header tank used in most domestic hot water

_systems. The pressure at the supply tank depends upon the
height of the header tank.

Container (iii) could represent a double bottom tank hAving a
vertical overflow pipe. The pressure inside the tank depends
upon the height to which the liquid rises in tbe pipe.

The total load exerted by a liquid on a horizontal plane is the
product of the pressure and the area of the plane.

P=pA

E.'UII1ple. A rectangular double bottom tank is 20 m long 12
m wide and 1.5 m deep, and is full of sea water having a density
of 1.025 tonne/m).

Calculate the pressure in kN/m) and the load in MN on the
top and bottom of the tank if the water is:

(a) at the top of the tank
(b) 10 m up the sounding pipe above tbe tank top.
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4 REED'S NAVAL ARCHITECTURE FOR ENGINEERS

(a) Pressure on top == Qgh
== 1.025 x 9.81 x 0
== 0

Load on top == 0

Pressure on bottom ML m xm== 1.025 x 9.81 x 1.5 3 x 2"m s
== 15.09 kN/m2

Load on bottom == 15.09 x 20 x 12
== 3622 kN
= 3.622 MN

(b) Pressure on top = 1.025 X 9.81 x 10
= 100.6 kN/m2

Load on top = 100.6 x 20 x 12
= 24 144 kN
= 24.144 MN

Pressure on bottom = 1.025 x 9.81 x 11.5
== 115.6 kN/m2

Load on bottom - 115.6 x 20 x 12
= 27744 kN
= 27.744 MN

This example shows clearly the effect of a head of liquid. It
should be noted that a very smaIl volume of liquid in a vertical
pipe may cause a considerable increase in load.

LOAD ON AN IMMERSED PLANE
The pressure on any horizontal plane is constant. but if the

plane is inclined to the horizontal there is a variation in pressure
over the plane due to the difference in head. The total load on
such a plane may be determined as follows.

Consider an irregular plane of area A. totally immersed in a
liquid of density Q and lying at an angle e to the surface of the
liquid as sbown in Fig. 1.3.

l
h

Fig. 1.3

1,
,

t
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HYDI.OSTAno: 5

Load on strip
Load on plane

Divide the plane into thin nrips parallel to the su.rface of the
liquid. Let one such strip. distance h below the surface of the
liquid, bave an area Q. Since tbe strip is thin. any variation in
pressure may be ignored.

• Qgah
E Qg(olh l .,. 01 h2 + OJ III + ...)
... Qg t ah

But r;ah is the nrst moment of &rea of the plane about the
surface of the liquid.

IfH is the distance of the centroid of the p1aDe from the liquid
surface. then:

IAh ... AH
.'. Load on plane =- Qg AH

Example. A rectanJU1ar bulkhead is 10 m wide and 8 m deep.
It is loaded on one side only with oil of relative density 0.8.

Calculate the load on tbe bulkhead if the oil is:
(a) JUSt at the top of the bulkhead.
(b) 3 m up the sounding pipe.

<a) Load on bulkhead =- Qg AH
8

- O.8xl.Ox9.81 XIOX8Xi

E 2511 tN

(b) Load on bulkhead ,. O.8xl.Ox9.81xlOx8x (~+3)
- 4395 tN

CENTRE OF PRESSURE

The (:COtre of pressure on an immersed plane is the point at
which the whole liquid load. may be: reaarded as actina·

Consider again Fie. 1.3.

Let the strip be distance r from the axis 0-0.

Then h ==rsin9

Load on strip

Load on plane

- egah

== '1gax sin 8
,. Qg sin 6 (a)X1 + OaXl + Q)Xl + ...)
,., Qg sin 8 tax
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Taking momeuts about axis c).(}:

Moment of load OD 5trip

Moment of load on plant

Centre of pressure from ~

-xx Qgax sin 8
"" Qgar sin 8
- Qg sin 8 (aaX.! + Q:.Xl1 + ...)
= Of sin 8 Ear

moment
• load

qg sin (J r:ax:
:

og sin 8 Eax
tax'

• tax

But tar is the flTSt moment of area of the plant: about 0-0 and
~ is the second momt:nt of area of the plant: about 0-0.

If the plane is vertical. then ()...O represents the surface of tbt:
liquid. -and thus:

Centrt: of pressurt: from surface:

second moment of area about surface
:

first moment of area about surface

The second moment of area may be calculated usina tht:
lMorem ojparallel ClXes.

If INA is the se<:oDd moment about an axis through the centroid
(the neutral axis), then tbe second moment about an axis 0-0
parallel to the neutral axis and distance H from it is JiVeD by

100 - I~ + AH'

where A. is the area of the plane
Thw Centre of pressure from 0.0

.!Si2
- AH
_ IN... + AlP
- AH

~+H
• AH

It-lA for a rectarlJle is Ii BDJ
INA for a trianale is lli: BJ)l
I,.... for a circle is g U

,

(
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HYDIlOSTAT1CS 7

The followiIlg examples show bow these priDciple$ may be
applied..

Fig. 1.4

(a) RECTANGUlAR PLANE WITH EOO£ IN SUlU'ACE

Centre of pressure from~ INA
'"' AH + H

fiB])! D
=BDX!D+-r

D D
=6+2
=jD

(b) T1UANGUl,.A.Jt PLANE WITH !.DOE IN SURFACE

Centre of pressure from ().() :: j;; + H

iJBDJ D
:: tBD x tD + T

D D
="6+3"
:: tD

(c) ClJ.ct1L-U PLANE WITH EDGE [N SUl.FAcr

Centre of pressure from ().()

+D
2
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8 REED'S NAVAL ARCHlttcnJitE fOIt ENGINURS

If the top edge of the plane is below the surface of the liquid.
these figures change considerably.

Eumple- A peak bulkhead is in the form of a triangle. apex
down. 6 m wide at the top and 9 m deep. The tank is fiDed with
sea water. Calcula1e the load on tm bulkhead and the position
of the centre of pressure relative to tbe top of the bulkbead if the
water is;

(a) at the top of tbe bulkhead
f (b) 4 m up the sounding pipe.

(a) Load on bulkhead = (lgAH
6x9 9= 1.025~9.81X-2- x 3

= 814.5 kN

Centre of presSUl"e from top
D

=2
9,.. 2

= 4~S m
6x9

(b) Load on bulkhead = 1.025 x 9.81 x T x

= 1901 kN

Centre of pressure from surface

,..-h + H
AH

=. i 'x6x91
x6x9x7

= 0.624 + 7

=7.642 m
Centre of pressure from top

= 7.642-4
=. 3.642 m

LOAD DIAGRAM

+ 7

If the pressure at any point in an immersed plane is multiplied
by the width of the plane at this point. the load per unit depth of
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HYDROSTIt.TICS 9

plane is obtained. If this is repeated at a number of points, the
resultant values may be plotted to form the load diagram for the
plane.

The arm of this load diagram represents the load on the plane.,
while its centroid represents tbe position of the ct!1I"e of
pTe:$$lUe.

For a rectangular plane with its edge in the surface, the load
diagram is in the fonn of a triangle.

For a rectangular plane with its edge below the surface, the
load diagram is in the form of a trapezoid.

The load diagrams for triaDCular plaDcs are parabolic.

5VAFACE Of ""...H.

I
I
i

6.
I

i
i

!-- -!._-L._+-- ~

! ! 1 i1--.•..-, j--- 241·3 ~/·-·I

Fig. 1.5

Consider a rectaDgU1ar bulkhead 4 m wide and 6 m deep­
loaded to its top edge with sea water.

Load/m at top of bulkhead... ~gh x width
:a:: 1.02Sx9.81xOx4
= 0

Load/m at bottom of bulkhead
:a::. 1.025 x 9.81 x6x4
... 241.3 kN

Load on bulkhead ... area of load diagram
• !x6x241.3
... 723.9 kN

Centre of pressure ... c:eo.troid of load diagram
... ,x6
D 4 m from top
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lOREED'SI'AVAL AACHll'ECTUR.E FOR ENGI rt.ns

Check: Load aD bulkhead "" tlgAH
= l.02Sx9.81x4x6xix6
= 724.0 kN

aad Centre of pressure = tD
= 4 m from top

BPtlCI Of .TO

t r
t :',

J. : "

I : '\
r------.,.-~"o<.~!-

I ..1
i /

6. /

I I
! /

J._'.!-------+, r!----------~I

t-- ••----1 t-'-_._~." "H'.--'--j

Fi,a. 1.6

If. in the above example, there is a 3 m head of water above
the bulJcbad, then:

LoadIm at top of bulkhead.. 1.025 x 9.81 x 3 x 4
"" 120.66 kN

Loadlm at bottom of bulkhead
= 1.025 x 9.81 x9 x 4
= 361.98 kN

The load diagram may be divided into two triangles Q and b

Area a

Areab

Total load

= ix6x 120.66
"" 361.98 kN
"" i x 6x361.98
= 1085.94 kN
= 361.98 + 1085.94
,. 1447.92 kN
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HYDROSTATICS

Takina moments about the top of bulkhead

Cent f 361.98xix6+1085.94xix6
re 0 pressure.. 361.98 + J085.94

723.96+4343.76
:

1447.92
- 3.5 m from top of bulk.head

These results may apin be checked by calculation.
Load on bulkhead ~ I.025x9.8IX4x6xH-x6+3)

- 1448 kN

Centre of pressure from surface

Centre of pressure

SHEARl'lG FORCE ON BULKHEAD STIFFE!<ERS

II

A bulkhead stiffener supports a rcetanale of plating equal to
the lenath of the stiffener times the spacing of the stiffeners. If
tbe bulkhead bas liquid on ODe side to lhe top edle, the stiffener
supportS a load which increases uniformly from zero at the top
(0 a maximum at the bottom <FiI. 1.7).

Let I - length of stiffener in m
s -spacing of stiffeners in m

• -density of liquid in kaJml

p - load on stiffener
W - loadlm at bottom of stiffener

p- I
Then .gIsX~

= tQgPs
w_ .gls

I.. P -Wx~
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12 nED'S NAVAt ARCHIT£CTUlE FOR ENGINEERS

p-+--l

r-W-'~

1~J

"" --.-------1--1

1 I
I I_L

J

1

I
Re -....L--+- ~1

TOP OF BUI.KHEAD

Fig. 1.1

The load P acts at the CC1trC of pressure which is il from the
top. Reactions are set up by the end connections at the lOp (RT)
and at the bottom (R.).

Taking moments about the lOp,
R.xl = PX;1
Rio = iP
IUld RT = ,p

The sbeariDg force at a distance x from the top will be the
reaction at the top, less the area of the load diagram from this
point to the l"p.

. SF R Wx xI.e. x = T- -/- x "2

Wr
s:: i P -2/

WI Wr
='6-2/

Letx=O

SF at top
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HYDROSTATICS 13

Let x = I

SF at bottom
WI WP

="6-2""1
WI WI

= "6--2-
WI=-y-

= - tP
Since the shearing force is positive at the top and negative at

the bottom, there must be some intermediate point at which the
shearing force is zero. This is also the position of the maximum
bending moment.

Let SF = 0

Position of zero shear x

p
= :3

l= (j from the top

T"- ---"-"T"-r- P •

If j 1__. _
I

If I"
~-'----~ ~-----'

P

lOAO DIAGR_M 'SHEAR INC; fORCE tENDING MOMENT

oL\CR_H OIA(;RAI'l

Fig. 1.8

Example. A bulkhead. 9 m deep is supported by vertical
stiffeners 750 mm apart. The bulkhead is flooded to the top edge
with sea water on one side only. Calculate:

(a) shearing force at top
(b) shearing force at bottom
(c) position of zero shear.
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14 REaYS NAVAt ARCHJ'1CC'nJU FOR ENGIN'EERS

Load on stiffener P

(a) Shearing force at top

(b) Shearing force at bottom

(c) Position of zero shear

= QgAH
9= 1.025x9.81 X9xO.75x 2

= 305.4 k
= !P

305.4
=-3
:: 101.8 kN

= tP
:: fX 3O'S.4
= 203.6 kN

I
=,fj

9ocfj

= 5.197 m from the top.
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HYDttOSTAnc:s

TEST EXAMPLES 1

15

1. A piece of aluminium has a mass of 300 I and itS volume is
42 an'. Calculate:
(a) its density in kglm'
(b) its rdative density
(c) the mass of 100 em' of aluminium.

2. A rectaDlu1ar double bottom tank 12 m long and 10 m wide
is full of sea water. Calculate the head of water above the tank
top if the load due to water pressure on the tank top is 9.6 MN.

3. A double bottom tank is J.2 m deep and has a rounding
pipe extending 11 m above the tank top. The tank is filled with
oil (rd 0.89) to the top of the roundina pipe. The double bottom
noon are spaced 750 mID apart aDd are connected to the tank
top by riveted a.nalcs. the rivetS havins a pitch of 7 diuneters. If
the maximum allowable mess in the riveu is 30 MN/ml,
calculate the pRSsure in kN/m2 on the outer bonom and the
diameter of the rivets.

4. A ballast tank is IS m long, 12 m wide and 1.4 m deep and
is filled with fresh water. Calculate the load on tbe top and shan
side. if:
<a) the tank is just completely full
(b) there is a head of 7 m of water above the tank tOp.

s. A vertical bulkhead 9 m wide and 8 m deep bas sea water on
one side Only to a depth of 6 m. CaJculate the pressure in kN/m2

at the bouom of the bulkhead and the load on the bulkhead.

6. A bulkhead i$ in the form of a trapezoid 9 m wide at the
deck. 5 m wide at the bottom and 8 m deep. Find the load on the
bulkhead if it bas oil (rd 0.85) on ODe side only:
(a) to a depth of 6 m .
(b) with 4 m head to the top edae.

f7. The end bulkhead of an oil fuel bunker is in the form of a
rectangle 10 m wide and 12 m high. Find tbe total load and the
position of the centre of pressure relative to the top of the bulk~

head if the tank. is filled with oil (rd 0.9):
(a) to the top cc1ie
(b) with 3 m head to the top edge.
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18. A dock gate 6 m wide and S m deep has fresh water on one
lioicie to a depth of 3 m and sea waler on the other side to a d.epth
of'" m. Calculate the resultant load and position of the centre of
pressure:.

9. A triangular bulkhead is S m wide at the top and 7 m deep.
It is loaded to a depth D with sea water, when it is found that the
load. on the bulkhead is 190 kN. Find. the depth D and the
distaDce from the top of the bulkhead to the centre of pressure.

flO. A trianauIar bulkhead is 7 m wide at the top and has a
vertical depth of 8 m. Calculate the load on the bulkhead and
the position of the centre of pressure if the bulkhead is flooded
with sea water on only one side:
(a> to the top edge
(b) with 4 m bead to the top edge.

II, A watertij;ht bulkhead is 8 m hiah and is supported by
vertical stiffeners 700 mm apart. connected at tbe lank lop by
brackcu havina 10 rivets 20 mm diameter. The bulkhead is
flooded to its top edge with sea water. Determine:
(a) shearing force at top of stiffeners.
(b) shear SlUSS in the rivets,
(c) position of zero shear.

12. A bulkhead is supported by vertiea1 stiffeners. The
distance between the stiffeners is one ninth of the dcpt.h of the
bulkhead. When the bulkhead is flooded to the top with sea
water on ooe side only, the muimum shearing force in the
stitreoers is 200 tN. Calculate:
(a) the bei,ht of tbe bulkhead
(b) the shearina force at the top of the stiffc:ners
(c) the position of zero shear.
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CHAPTER 2

DISPLACEMENT, TPC, COEFFICIENTS
OF FORM

AltOlIMEDES' PRINCIPLE

If a solid body is immersed in a liquid there is an apparent loss
in weight. This loss in weight is the upthrust exerted by the liquid
on the body and is equal to the weight of the volume of liquid
which the body displaces.

If a solid body is suspended in fresh water, completely im­
mersed, the upthrust is the weight of fresh water having the same
volume as the body. Using this principle it is possible to deter­
mine the relative density of an irregular body

Relative density"" mass of eq=~o~~~~~1 fresh water

= =;:;::-w~.i~gh¥:tL!!Of~b,,!o¥.d*Y:!i!Jn~ll1T~·f::::;:-==
weight in air weight in fresh water

_ weight of body in air
- upthrust in fresh water

mass of body
"" apparent loss in mass in fresh water

It will be noticed here that either mass or weight may be used
as long as the units of the numerator are the same as those of the
denominator. This is acceptable since tbe value of g used to ob­
tain the weight in air is the same as tbe value of g used to obtain
the upthrust in water.

Example. A solid block of cast iron bas a mass of 500 kg.
When it is completely immersed in fresb water the mass appears
to be reduced to 430 kg. Calculate the relative density of cast
iron.
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Mass of cast iron
Apparent loss of mass in fresh water

Re1ativedensity

~SOOq

• SOO - 430
• 70 kg

100;70
"" 7.143

Example. A piece of brass (rd 8.4) 0.06 mJ io volume is
suspended in oil of rd 0.8. Calculate the apparent mas.s of tht'
brass.

Mas.s of brass "" 1000 x 8.4 x 0.06
- 104 kg

Mass of equal volume of.oil "" 1000 x 0.8 x 0.06
:0. 48 ka:

.'. Apparent mass in oU "" S04 - 48
; 416 kg

flOATING BOOtES

If a solid body, having a relative density~ than I, is com­
pletely immersccl in fresh water, the upthrust exerted by the
water 00 the body will exceed ltte weight of the body. The body
will then rise: until pan of its volume emerges, i.e. it will float.
'The upthrust will 'hen be reduced to the weight of the body.
Thus:
(a) A body of rd less than 1 will noat in fre$h water.

A body of fd oflcss than 13.6 will float in mercury whose rd
is 13.6.

(b) The wtighr of a floating body is equal to the weighr of the
volume of liquid it displaces, and since, is constant, the
mQSS of a floating body is equal 10 the mass of the volume of
liquid it displaces.

(e) The percentage of volume of a floating body which remains
immersed depenc1s upon the relative density of the body and
the relative density of the liquid; e.g. a body of rd 0.8 will
float in fresh water with 80 'per cent of its volume immersed,

~d in sea water witb ~ :~ x 80 per cent of its volume
Immersed.

Example, A block of wood 4 m loog, 0.3 m wide and 0.25 m
thick floats at a draught of 0.1:5 m in sea water. Calcuhue thr:
mass of the wood and its relative deosity.
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mass of wood - mass of water displaced
=- 102Sx4xO.3xO.1S
_ 184.5 leg

mass of equal volume of fresh water -1000x 4 x 0.3 xO.2S
• 300 kg

Rdalive density of wood _ 1':;5

~ 0.615

Example. A box barge 40 m long and 9 m wide floats in sea
water at a draugbt of 3•.5 m. Calculate the mass of the barge.

mass of barge '" mass of water displaced
"" l02.Sx40xgx3.s
- 1292 x 10' leg
'" 1292 tonne

DISPLACEMENT
When a ship is floating fredy at rest the mass of the ship is

equal to the mass of the volwne of water diiJ)laced by the ship
and is therefore known as tbe displacement of the ship. Thus if
the volwnc of tbe underwater portion of the ship is k.nown,
together with the density of the water. it is possible to obtain the
disp1a<:ement of the ship.

It is usual to assume that a ship floats in sea water of density
102.5 kg/ml or 1.02St/m3• Corrections may then be made if the

Fig. 2.1
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vessel floats in water of any other density. Since the volume of
water displaced depends upon the draught, it is useful to
calculate values of displacement for a range of draughts. These
values may then be plotted to forril a displacement C'UJ'lIe. from
which the displacement may be obtained at any intermediate
<haught.

The following symbols will be used tbrougbout the text:
b. _;:;; displacement in tonne
v = volume of displacement in m)

Thus for sea water b. = V x 1.02'
Some confusion exists between the mass of the ship and the

wight of the ship. This confUSion may be reduced if the
displacement is always regarded as a mass, The gravitational
force acting on this mass - the weight of the ship - will then be
the product of ihe displacement b. and the acceleration due to
gravity g.

mass of ship (displacement) = b. tonne
weight of ship = l;. r kN

Example. A ship displaces 12240 mJ of sea water at a par­
ticular draught.
(a) Calculate the displacement of the ship.
(b) How many tonnes of cargo would have to be discharged for

the vessel to float at the same draught in fresh water?

(a) Displacement in sea water = 12240 x 1.025
= 12 546 tonne

(b) Displacement at same draught in fresh water
"" 12240 x 1.000
= 12 240 tonne

. '. Cargo to be discharged = 12 S46 - 12 240
= 306 tonne

BUOYANCY

Buoyancy is the term given to the upthrust exened by the
water on the ship, If a ship floats freely, the buoyancy is equal to
the weight of tbe ship.

The force of buoyancy acts at the centre ofbuoyancy, which is
the centre of gravity of the underwater volume of the ship.

The longitudinal position of the centre of buoyancy (LCB) is
usually given as a distance forward or aft of midships and is

.
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DISPLACEMENT. T.P.C.• COEmCIENTS OF FORM 21

represented by the loqitudina.l centroid of the curve of immers·
cd CJOSS-~ areas (see Chapter 3).

The venical position of the centre of buoyancy (VCB) is
usuaUy liven as a distance above the ked. This distance is
denoted by KB and is represented by the vtrtical centroid of the
w&te!'planc area curve (see Chapter 3). The distance from the
waterline to the VeB may be found by two other methods:
(a> from tbt displacement curve (Fi;;I.221

Fii·2.2

VCB below water.li.ne
area between displacement curve and draught axis

• displacement
a--•

(b) by Morrisbes approximate fannuIa

VCB below the waterline '"" j ~
where d '" draulht in m

v '" volume of displacement in mJ

A .. "" waterplane area in m!

+ :0:.)A.

TONNE PER CENTIMETRE IMMERSION

Tbc tODllC: pa- centimetre immersion (fPC) of a ship at any
JiveD dnulht is the mass tequiredlo ioaease the mean draught
by I tm.
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CoDlider a ship floati..QI in water of density p t/mJ •

If the mean drausht is increased by I em. then:

Increase in volume of displacement =tlxi x watcrplane area

..&.- m'• 100

Increase in displacement • J~ x Q t

Thus TPC dE x p
• 100

For sea Water Q - 1.025 tim)

.'. TPC sw • O.OJ025 Aw
At different drauahts. variations in waterplaoe area cause

variations in TPC. Values of TPC may be calculated for a r&nle
of draughts and plotted to form a TPC curve. from which values
of TPC may be obtained at intermediate drauahu.

•

DMUGMT

FIg. 2.3

The area between the TPC curve and the draUJht axis to any
,given draught represenu the displ.acement of the ship at that
drauahl. while iu centroid represents the vertical position of the
centre of buoyancy.

It may be usu.med for small alterations in draupt, that the
ship is wall-sided and therefore TPC remains constaDt. If the
chan&e in draught exceeds about 0.5 m, then a mean TPC value
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should be wed. If the cban&e in draucht ii exc:usive, bowev~r. it
is more acwrate to use the area of the relevant part of tbe TPC
curve.

&ample. The watef1)lane area of a ship is 1730 mJ. Calculate
the TPC and the increase in draUiht if a mass of 270 tonne is ad·
ded to the ship.

z 0.01025 x 1730
~ 17.73

..... added
Increase in draught - TPC

270.
• 17.73

• 15.23 em

COEFFICIENTS OF FORM

Coefficients of form have been devised to show the relation
between the form of the ship and the dimensions of the ship.

WATEUI.Al'<"'E AREA COEf'ffClDIT C.. is the ratio of the area of the
waterplane to the .product of the 1ea&th and breadth of the 5b.ip.
(1'"11. 2.4).

waterp1aDe area
C. -= length x breadth

A.
• Lx B

, ----
Fi,.2.4

MI'DSHIP$ECl'ION AREA coEmeworr C.. is tbe ratio of the area of the
immersed portion of the midship section to the product of the
breadth aDd the drauaht (Fig. 2.5).
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c. - area of immersed midship section
breadth x dra..bt

_ As
Bxd

.-._._~

Fia.2.:5

auxx COEFFtCENT~ counC1E.JolT OFm.~ C. is the ratio of the
volume of displacement to the product of the length, breadth
and drauabt (F1I. 2.6).

C~ = volume of disp1acemeot
lenath x breadth x drau&ht

v
= LxBxd

--'---1
Fig. 2.6
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DISPLACEMENT. T.P.C., COEFFtCIENTS OF FORM 2S

PRlSMATIC COEmClENT Cp is the ratio of the volume of displac»­
ment to the product of tbc length and the area of the immersed
portion of the midship section (Fig. 2.7).

volume of displacement
x area of immersed midship section

v
= Lx A..

},Jut v =CbxLxBxd
and A",=C",xBxd

Substituting these in the expression for Cp;

CbxLxBxd
CP=LXC.. XBXd

c.
Cp = C

m

Fig. 2.7
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Enm". A ship 135 m loo,a.: 18 m beam and 1.6 m drauabt
hu a dispIal ri'W!Dt of 14 000 toDAe. n.e area of the load water­
plane is 1m mI aDd. tbe area of the immersed mid5bip scctioD
130 mJ Cakulate (a) C.; (b) C.: (c) C..; (d) C,.

(aJ -.;1,.,225"'-,;0c. z f35 x 18

- 0.722

(b)
130

C. - 18 x 7.6

z 0.9S0

C.. = 135 x 18 x 7.6

'"" 0.740

v _~
1.025

.. 13 658 ml

1)658

(e)

(dJ c, "" 13 §S8
135 x 130

... 0.778

C ~r - 0.950

- 0.778

WETIEl SURFACE AREA

The ~ed surface &rei of a slUp is the .... of tbt: IlUp'lJ bull
which is in contact with tbt: water. This area may bt: found by
puttinl tilt: transverse prths of the lhip, froID waterline to
waterliDe, tbrouah Simpson's Rule and ecidiD& about! per emt
to allow for the l~tudinalcurvature of the shell. To this area
should bt: Idded the ~ecl surface area of appendqes such IS
cruiser ....... Nddcr and biIp _.
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'11·2.8

Several approximate formulae for wetted swface area are
availabk, two of which are:

Deuny

Taylor

wheT.

•S = 1.7Ld + d

s - wetted surface area in mJ

L • Ienph of ship in at
d = drauJht in m

v _ volume of displaocment in m'
A _ displacement in tonne
c - a coefficient of about 2.6 wbic:h depends

upon the Wpe of the ship.

Example. A ship of SOCK) tOIlDt displacement, 95 m long,
floats at a drauJht of S.S m. Calculate the wetted surface area of
the ship:

(a) Usmc Denny's formula

(b) USial Taylor's formula with c - 2.6
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:=: 1.7 x 95 x 5.5 + 1.025 x 5.5

: 8&8.2 + 886.9
"" 1775.1 m2

S:c..ril
= 2.6 -JiZSOOO'"""-::X'-9"'5
= 1793 m2

v
S = 1.7Ld + a

5000

(b)

(aj

SIMILAR FIGURES

Two planes or bodies are said to be similar when their. linear
dimensions are in the same ratio. This principle may be seen in a
projector where a small image is projected from a slide onto a
screen. The height of the image depends upon the distance of the
screen from the light source, but the proportions and shape of
the image remain the same as the image on the slide. Thus the
image on the screen is a scaled-up version of the image on the
slide.

The areas of siinilar Hgures vary as the sqU/lrt! of their
coITCJponding dimensions. This may be shown by comparing
two circles having diameters D and d respectively.

o
Fig. 2.9

Area of large circle = ~ [)2

Area of small circle ,.. d2=4

Since i is constant:

ratio of areas
D'

=d'
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ratio of volumes
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Thus if the diameter D is /Wier -di&metel" d, the area of the
former is four timt!S the area of the latter.

The volum~ of similar bodies vary as the cu~ of their COr­
respondina dimensions. This may be shown by c:omparina two
spheres of diameters D and d respectively.

Volume of large sphere = ~ I)!

Volume of small sphere "" i tP

Since i is constant:

D'
-Qf

Thus it diameccr D is rwiu diameter, d, tbe voJume of the
former is tight limes the volume of the latter.

These rule$ may be applied to any similar bocties no matter
what their shape, and in practice are applied to ships.
Thus if

then
0<

and
or

and

'"

L = IeoJth of ship
S = wetted surface area
.. = displacement,
SQt£l

51 = L
6 oc L'

6 i 0: L
st 0: Ai
S 0: 6 t

6 0: sl
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Disp1acemeat of model

S,
"3>

Example. A ship 110 m lona Qis;pUtca 9000 tonne and has a
wetted. surface area of 220S m2: Ca1culate the displacement and
wetted surface area of a 6 m model of the ship.

:: = (t~)

., = 9000 c~o)'
E 1.46 tODUe

= (i;)'
s, : 220S CroY

Wetted surfac:e area of mOOel
: 6.56 m'

jSHEARING FORCE AND BENDING MOMENT

Consider a loaded ship lyina in still water. The upthru$t over
any unit lcqth of the ship depends upon the immersed cross­
sectional area of the ship at that point. If the values of upthrust
at different positions along the leDlth of the ship are plotted on
a base representing the ship's lenath, a buoyancy curw is formed
(Fia;. 2.10). This curve increases from zero at each end to a max·
imum value in way of the parallel midship portion. The area of
this curve represents the tota.I upthrust exerted by the water on
the ship.

The total weiaht of a ship con.sisu ofa number of independent
weiPU CODQII1trated over sbort leqths of the ship, such as
CUJO, .macbiDery, accommodation. e:atl0 b.ndJiDI lear. poop
and fom::utle and • number of items which form continuous
material over thel~ of the ship, such as decks, shell and tank
top. A~ of wiI'"s is shown in the diagram.

The differmee between the weiaht and buoyancy at any point
is the lotId at tbat point. In some cues the load is an CXCCIS of
wciabt ova' buoyancy and in other cues an excess of buoyancy
over weiJht. A load diagram is formed. by plottiDJ these dif­
ferences. Because of this unequal loadinI, however, shearioa
forces and bencliDJ moments are set up in the ship.

The m-riIIJ for« at any poilU is represented by the Qf'fKl of
tbe load d.iaa:ram on one side Of tblt point. A~ fora
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~o..o

IMNOING

""""

LOAD tm_TION

fl,.2.10

dhl,rQm~ be fonnc<l by plottiDJ these ar.-s on & baK of the
ohip',lalsih.

1bc betdbtr~n/ ,t any poiDt is repreimttd by the..of
tbe sbcarina force diqram 00 one side of that poiat. A Mndilll
1'IfOIM1l/ dilq,." may be formed by pjocIiDa IQl!b MUS 00 a
..... of the Wp', 1alIth.

11M Dl&XilaWll beDcti8& momeat occurs wbete tbe sbarina:
force iJ zero~ this ,is usually, near ,.,ids•.

E..mpJo. A box .eo 200 "' 1_ ;,~ iIlo'n,. equal
compottIIIaU. TIle "';lIltu uniformly distrib.tod ..... the
"tIIId's &m.Itb.
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500 IODDe of CU'JO are added to each of the end campan·
mcDs. Sketch the sMaciDg force and bending moment diqrams
aDd. $We their JDUimum values.

! 200_-.------1

~·rn·r~jr-----+--.o.+.o.-!-.o.-!-.o.-1
Fie. 2.11

BefOtt adding the carlo, the buoyancy and weiJbI were
equally distributed and produced no shearing fofCt or bending
mommt. It is therefore only necessary to consider the added
calIO IUd the additional buoyancy required.

Additional buoyancy/ m

Companmenu I and 5

Additional wei.ghl/m

LoadIm

500 g
- 40
- 12.5 g kN
- 12.5 g - 5 g
= 7.S , kN excess weiiht--

Companmmu 2, 3 and 4

load./m "" 5 g kN excess buoyancy
These valU£$ may be plotted to fonn a load diagram (Ft&. 2.12).

Sheariq force at A • 0
Sbeuitq; force at B .,. - 7.5 E x 40

- - 300 g = 2943 kN max.
Shearing: force at C • - 300 g + 5 g x 40

- - 100 g = 981 kN
Shearin. force at 0 • - 300 g + 5, x 60

- 0
Shc:arinl foret at E :: + 100 g
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I

I I
I I I

I
I LO ... O

DI ... GRA,..
,

i

SI'1EA;RING !
FDll.Cf I

DUa.UI'\ I
I .

lENDING
MOMENT
DI ...GU.M

Fig. 2.12

Shearing force at F = + 300 g
Shearing force at G = 0

Bending moment at A and G = 0

Bending moment at B and F = 300 g x ~

= 6000 g = S8.86 MN m

Bending moment at C and E = - 15 000 g + 100 g x ~O
= - 14 000 g = 137.34 MN m
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Benclins moment at D z: - 300 g x 100
2

~ -IS 000 g
= 141.15 MN m max.
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TEST EXAMPLES 2

1. A piece of metal 250 cm) in volume is attached to the bot­
tom of a block of wood 3.5 dm3 in volume and having a relative
density of 0.6. The system floats in fresh water with 100 cm)
projecting above the water. Calculate the relative density of the
metal.

2. A raft 3 m long and 2 m wide is constructed of timber
0.25 m thick having a relative density of 0.7. It floats in water of
density 1018 kg/ml . Calculate the minimum mass which must be
placed on top of the raft to sink it.

3. A box barge 65 m long and 12 m wjde floats at a draught of
5.5 m in sea water. Calculate:

<a) the displacement of. the barge,
(b) its draught in fresh water.

4. A ship has a constant cross-section in the form of a triangle
which floats apex down in sea water. The ship is 85 m long,
12 m wide at the deck and has a depth from keel to deck of 9 m.
Draw the displacement curve using 1.25 m intervals of draught
from the keel to the 7.5 m waterline. From this curve obtain the
displaCement in fresh water at a draught of 6.50 m.

5. A cylinder 15 m long and 4 m outside diameter floats in sea
water with its axis in the waterline. Calculate the mass of the
cy1inde<.

6. Bilge keels of mass 36 tonne and baving a volume of 22 m3

are added to a ship, If the TPC is 20, find the change in mean
<ira_alIt.

7. A vessel 40 m long has a constant cross-section in the form
of a trapezoid 10 m wide at the top, 6 m wide at the bottom and
5 m deep, It floats in sea water at a draught of 4 m. Calculate its
displacement.

8. The waterplane areas of a ship at 1.25 m intervals of
draught, commencing at the 7.5 m waterline, are 1845, 1690,
1535, 1355 and 1120 m2• Draw the curve oftonne per em immer­
sion and determine the mass which must be added to increase the
mean draught from 6.10 m to 6.30 m.
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9. A ship ISO m 10Dl and 20.5 m beam floats at a draught of
8 m and disp1accs 19 SOO tOMe. The TPC is 26.5 and midship.
sectioIl. area c:oefficieut 0.94. CaJcu1ar.e the block, prismatic and
waterp1aDe area coemcienu.

10. A ship displaces 904.50 tonne and has a block c:oefficieD:t of
0.'. The area of immersed midship section is 106 mI.

l! beam == 0.13 x length • 2.1 x draught, calculate: the
leD.Ith of the ship aDd the prismatic ooefflCient.

I J. The length of a ship is 18 times the drauJb.t. while the
breadth is 2.1 times !.he draupt. At the load waterplane. the
waterplane area coefficient is 0.83 and the difference between
the TPe in sea water aDd the TPC in fresh water is 0.7. Deter­
mine the length of the ship and the TPC in fresh water.

12. The! girths of a ship 90 m long are as follows: 2.1, 6.6,
9.3. 10.5, ILO, lLO, 11.0,9.9,7.5,3.9 and 0 m respectively.
The wetted surface area of the appendages is 30 mI and -iOh is to
'be added for longitudinal curvature. Calculate the wetted sur·
(ace area of the ship.

13. A ship of 14 lXJO toone displacement, 130 m 100S. flO&ts at
a dtauaht of 8 m. Calculate the wetted surf~ area of the ship
using:
(a> Denny's formula
(b) Taylor's formula with c c 2.58.

14. A box barge is 75 m lona, 9 m beam and 6 m deep. A
similar barge having a volume of 3200 m] is to be constructed.
Calculate the length, breadth and depth of the new barp.

15. The wetted surface area of a ship is twice that of a similar
ship. The displacement of Ute latter is 2000 tOODe less lhan the
former. Determine the displaeement of the latter.

16. A ship 120 m long displaces 11 000 tonne and has a~cd
surface area of 2500 mJ • Calculate the displacement and wetted
surface area of a 6 m model of the ship.
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CHAPTER 3

CALCULATION OF AREA, VOLUME,
FIRST AND SECOND MOMENTS

SIMPSON'S FIRST RULE
Simpson's First Rule is based on the assumption that the curved
portion of a figure forms part of a parabola
()' ::: ar + bx + e), and gives the area contained between
thm! consecutive, equally-spaced ordinates.

" ,.

f.-- "---+--,-----j

Fig. 3.1

h
Area ABeD = j" (lYl + 4,Y2 + ly,)

This rule may be applied repeatedly to determine the area of a
larger plane such as EFOH (Fig. 3.2).

~- '--1--'-+-'-'+-'_.~, -+-,--1
t- - -0)- - -+---<i>--+-~--1

,
"- / "-

/ " ~.

"
,. ,., ,. ,. ,.

i>
/ ".. / "'- /' "-

" , , ,

Fig. 3.2
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h
Area 1 • J (lYt +4Yl + J)'I)

h
Area 2 • j (I)'J +4)'. + IYJ)

h
Area 3 • J (ly,+4y,+ IY1)

• Area I + Area 2 + Ara. 3
h• 3 [(1YI +4y:+ IYJ) + (lYI+ 4y. + Iy,)+ (1y, +4y, + 1)'1»)

h- ~ IlYI +.Y1 + 2y, + .Y,+ 2Yl +4y, + 1y,1

11 should be noted at this stale that it is necessary to apply the
wbole ruJe and tbus an odd number of equaUy-spactd ordiwes
is necessary. Greater speed and atcUracy is obtained if this rule is
applied in the form of a ~ble. The dist:a.ncc h is termed the
common interval and the numbers 1, 4, 2, 4, etc. are termed
Simpson's multipliers.

Wben calculating the area of a waterplane it is usual to divide
the lenJtb of the ship into about 10 equal pans, sMnI J1
sections. These sec:tiol1$ are numbered from 0 at the after end to
10 at the fore end. Thus amidships wilt be section number~. It is
convenient to measure distances from the centreline to the ship
side, Jiving half ordinates. These half ordinates are used in
conjunction with Simpson's Rule and the answer multiplied by
2.

Example. The equally-spaced half ordinates of a watertight
flat 27 m long au J.l, 2.7. 4.0, 5.1. 6.1, 6.9 and 7.7 m
respectively.

Calculale ~be area of the tw.
Simp$On's Product

i OrdiD&te Muhiplien for Alta
1.1 1 l.l
2.7 • 10.8
'.0 2 8.0
S.1 • 20.4
6.1 2 12.2
6.9 4 27.6
7.7 1 7.7

87.8 = E.

•,

,
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CALCULATIONS OF AREA, VOLUME, fiRST AND SECOND MOMENTS 39

Since there are 7 ordinates tbere will be 6 spaces

.'. Common interval

h
Area=j~Ax2

27
== 0= 4.5rn

== 435 x 87.8 x 2

= 263.4 m2

APPLICATION TO VOLUMES

Simpson's Rule is a mathematical rule which will give the area
under any continuous curve, no matter what the ordinates repre·
sent. If the immersed cross-sectional areaS of a ship at a number
of positions along the length of the ship are plotted on a base
representing the ship's length (Fig. 3.3), tbe area under the
resulting curve will represent the volume of water displaced by
the ship and may be found by putting the cross·sectional areas
tbrough Simpson's Rule. Hence tbe displacement of the ship at
any given draught may be calculated. The longitudinal centroid
of this figure represents the longitudinal centre of buoyancy of
the ship.

Hg.3.3

It is also possible to calculate the displacement by using
ordinates of waterplane area or tonne per em immersion, with a
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common interval of drauaht (Fla:. 3.4). The vertical centroidl of
these two curves represent tbe vertical centre of buoyancy of the
ship.

w"ntf'!..t.N! ,ur"

AI. 3.4

T , ,

.,

Similar m«hods are used to determine hold and tank
capacities .

Example. The immersed cross-sectional areas throuah a ship
180 m 1001. al equal intervals, are $. liS. 233. 291. 303. 304.
304. 302. 283. 111. and 0 mt respectively. Calculate tbe
displacement of the ship in sea water of 1.025 tonne/m'.

P«>dua
<:sA SM for Volulnt

5 1 5
118 4 472
233 2 <66
291 4 1164
303 2 606
304 4 1216
304 2 608
302 4 1208
283 2 566
171 4 684

0 I 0

699S • tv
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CA1.CULATlOI\'SOf AREA. VOWME. naST ANDSECONt>MOMENTS 41

Common interval • J~ • 18 m

h
Volume of displacement. '3 I:v

• 'f x 6995

= 41 970 m!
Displacement - vol of displacement x density

::::0: 41 910 x 1.025
- 43 019 lonne

Example. The TPC values for a ship at 1.2 m intervals of
draught commencing at the keel. are 8.2, 16.5. 18.7. 19.4.20.0.
20.5 and 21.1 respectively. Calculate the displacement at 7.2 m
draught.

""""""0<
Waterptanc TPC SM DisplKmltrat

0 8.2 1 8.2
1.2 16.5 4 66.0

"2.4 18.7 2 37.4
3.6 19.4 4 77.6
4.8 20.0 2 40.0
6.0 20.5 4 82.0
7.2 21.1 I 21.1

332.3 • LA--

Common interval. 1.2 m or 120 an

Displacement ::II: ~ 1: b..

• .lj2- x 332.3

• 13 292 tonne

Note: The common interval must be expressed in untimtlrt$
since the ordinates are tonne per Cf!ntim~n immersion.
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fUSE OF INTERMEDIATE ORDINATES

At tbe ends of tbe ship, where the curvature of a waterplane is
considerable, it is necessary to reduce the spacing of the
ordinales to ensure an accurate result. Intermediate ordinates
are introduced to reduce the spacing to half or quane.. of Lhe
norma) spKina. While it is possible to calculate the area of such
a waterp1aDe by dividing it into separate sections. this method is
not considered advisable. The foUawing method may be used.

/

>

"
... <I: I Ii z ) 4

: I I I I I! ! t

~h~T"-rH-t-r-t-T--'--"""'-' --i

Fii·3.5

If the len&th of the ship is divided initially into 10 ~ual pans,
then,

Common interval ,. h ,. L
10

It is proposed to introduce intermediate ordinates at a

spacing ofSfrom section 0 to $CCtion I and at a spacina: of ;

(rom section J to section 2. The 1 ordinates at sections AP, i.1.
i. etc. will be denoted by)'O, ri. J'i• .ft. etc. r~vdy.
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CALCULATIONS OF AREA, VOLUME, FIRST AND SECOND MOMENTS 43

2 hArea from 0 to 1- j 4 (lYQ + 4Yi + 2yt + 4Yt + IYI)

= J h (jyo + IYt + vt + IYt + tYI)

Area from 1 to 2..- 2 h + 4ylt + IY2)j L (IYI

= i h (±Yl + 2ylt + !y,l

Area from 2 to 4..- fh(lYl+ 4YJ + Iy.)

Thus Area from 0 to 4

..- i h HtYQ + IYt + vt + IYt + iYI) + (tYI + 2yl,! + V2) +
(lY2 + 4YJ + ly.)J

..- jh [V, + IYl + ty! + IYt + iY~ + 2ylt + It.J'2 -;- 4y:; + Iy.]

When building up a system of multipliers it is wise to ignore
the ordinates and concentrate only on the spacing and the
multipliers. The following example shows how these multipliers
may be determined.

Example. The half ordinates of a CTOSHection through a ship
are as follows:

Wl keel 0.25 0.50 0.751.01.52.02.5 3.0 4.0 5.0 6.0 7.0 m
tord 2,95.05.76.2 6.66.97.27.47.67.88.18.48.7m

Calculate the area of the cross-section to the 7 m waterline.

Let the common interval ..- h ..- 1 m

Then interval from keel to I m waterline ..- ~

interval from 1 m to 3 m waterline ..- q
interval from 3 m to 7 m waterline ;; h
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44 REED'S NAVAL ARCHITECTURE FOR. ENGINEERS

Multipliers from keel to 1 m with common interval ~

-1:4:241

or with common interval of h
~ t : 1 : , 1

Multipliers from 1 m to 3 m with common interval ~

=1:4:241

or with common interval of h
~ ., : 2 : 1 2 : ,

1 : 2 : ,
1 :4:2:4:1

Multipliers from 3 m to 7 m with common interval h
:11:1:4:2:4:1

Adding the respective multipliers we have:

t:l:t:l:t
;:2

t: :,:I:t:2 1 : 2 : 1, : 4 : 2 : 4 : 1

Prod""
Waterline t orciinate SM (or Area

Keel 2.9 t 0.73
0.25 5.0 1 5.00
0.50 5.7 , 2.85
0.75 6.2 1 6.20
LO 6.6 t 4.95
I.S 6.9 2 13.80
2.0 7.2 1 7.20
2.5 7.4 2 14.80
3.0 7.6 1, 11.40
4.0 7.8 4 31.20
5.0 8.1 2 16.20
6.0 8.4 4 33.60
7.0 8.7 1 8.70

156.63

Area of cross-section = t x 1.0 x 156.63
= 104.42 m2
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CALCULAnONSOF AREA. VOLUME. FIRST AND SECOND MOMENTS 45

APPLICAnON OF SIMPSON'S RULE
TO FIRST AND SECOND MOMENTS OF AREA

It is often found necessary to determine the centroid of a
curved plane sucb as a waterplane and the second moment of
area of a waterplane.

Consider a plane ABCD (Fig. 3.6).

• I
I

,h: ~

I

I
,L- --'_.L..---'c

Fig. 3.6

Divide the plane into thin strips of length ox
Let one such strip, distance x from AB, have an ordinate y.

Area of strip = y x Ox
.'. Total area of plane = (Yl + Y2 + Y3 + .. .)ax

= E Y Ox

But the area of the plane may be found by putting the
ordinates y through Simpson's Rule.

First moment of area of strip about AB = X X Y Ox
=x y Ox

.'. First moment of area of plane about AB =
(XlYl + X2,.V2 + x)JJ + ...)ax

= ExyOx

Now it was mentioned earlier tbat Simpson's Rule may be
used to fmd the area under any continuous curve, no matter
what the ordinates represent. Such a curve may be drawn on a
base equal to Be, with ordinates of xy, and the area under this
curve may be found by putting the values of xy through
Simpson's Rule
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J Second moment of arca of strip about AD
_ 1't4A. + A;rl

- 1\y {&tJ' + x'y Ox

This may be reduced to (ry &r) since 5x is very small

... Second moment of area of plane about AD

- (X12Yl + x?-Y1 + xJ2)'l + ...)&r
_ l: x'y Ox

Thi1 may be found by putlina tbe values of ~y through
Simpson's RuJe.

First moment of area of strip about Be
-iYxy&c
-VOx

First moment of area of plane about Be

"" (YI' + Y2: + y;2 + ...H' 6x
-I:tY!6x

This may be found by putting, r through Simpson's Rule.

f Second moment of area of strip about 8C

- 1\ Y' Ox + (l Y'lY Ox
-tY'Ox

Second moment of area of plane about Be

"'" (YI'. Y1' + y,J + ...) t Ax
-l:tY'Ox

This may be found by putting t Y' through Simpson's Rule:.

It is usually neces.sary to calculate area and centroid wben
detemriniD& the second moment of area of a walerplane about a
traIlSVCTSe axis. Since the ce:ntroid is near amidships it is prefer­
able to take momeots about iUIOOships. The roUowinC calcula­
tion shows the met.hod used to determine area, centroid and
second moment of area about the centroid for a waterplane
bavinc half ordinates of 10. YI, Y2, •.. YIO spaced It m apart
commencing from aft.

Tbe positive sign indicates an ordinate: aft of midships.
The: nqative sign indicates an ordinate forward of midships.

Note: Class 2 candidates an not lW{l4ir~ to calculate ucond
moments of ana.
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p"",= Product for Product for
Srction -! ora SM for area """ 1st ISl.OmaIt u.tt ""~,

AP Y. 1 'Yo +5h .. 5yJr +,. ·25".,Jr
1 y, • 'y, +.11 + 16",,, +4h ... 64.1,Jr
2 Y, 2 2,., +3' +.". +3' ·11J'Jr'
3 y, • 'y, +2h + .". +2h .16)'~

• y, 2 ~, +1' - 2)')1 +1' • 2)'"Jrl, y, • 'y, Oh !:MA )( It Oh

• y, 2 2y, -1' - 2y'" -lh -+ 2y.,r, y, • 'y, -2h -Iy,,, -2h -+16y,~• y, 2 2y, -l' - 6y," -3' -+ lly,ir
9 Y. • 'y, -4h -J6N! -.. +"Yo!>'

FP Y. 1 1)'10 -,. -5y,oh -,. + 25>"oo<r
""t." tMf x h :, x ,;

Area of water-plane A "" i h E... ·
First moment of area of waterplane about amidships

,. t It (ENA + E"r,) h

(added alaebraica.lly)

Centroid from midships x • t 1t2 (1:,," + E,..,)
1h t ...

(NOTE: If EMf' is greater than LMA • the centroid will be forward
of midships).

Second moment of area of waterplane about amidships

Seeond moment of area of waterplane about the centroid

Ir = I... - Ar

It should be noted that h remains in tbe table as a constant and
left to the end of the calculation. It may be omitted (rom the
table as will be seen (rom the worked examples.
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Example. The half ordinates of a waterplane ISO m long are as
follows:

section AP
tord 0

Calculate:

t 1234 5678991FP
5.08.010.512.513.5 13.512.5 11.07.53.01.00 m

<a) area of waterplaae
(b) distance of oeDtroid from midships
(e) second moment of area of walcrplane about a transverse

lUis throuah the centroid.

-"" Product for Product for
SeetiOIl \"""'"" 8M for Area Lever hI moment Lever 200 momellt

AP 0 I +, +,
\ '.0 10.0 +'i +4'.0 +'i +202.S
\ '.0 1\ 12.0 +. +q.O .. .+ 192.0, 10.' • 42.0 +, + 126.0 +, +378.0, ,,~ , 22.0 +' + SO.. +' ... 100.0
• U.S • ".0 +\ +S4.0 +\ + 50'.0, IB , 27.0 0 +323.0 0, IU • SO.O -I =50.0 -I + SO.O
7 11.0 , 22.0 -, -.... -, + 88.0

• 7.' •• SO.O -, -90.0 -, +270"• '.0 .\ •., -. -18.0 -. + 72.0
9\ 1.0 , '.0 -.\ -9.0 -'i + 40.5
FP 0 I -, -,

2711.S -211.0 + 1447.0

C1mmon interval _ill
10

= 18 m

(a) Area of waterplane ... t x 18 x 278.'
= 3342.0 m1

(b) Centroid from midships =
18 /323 - 211)

278.5

- 7.238 m aft

(oj Second mOlneDt of area of wate:rplane about midships
= t X 18J x 1447
= S.626 x 10' m·
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Second moment of area of waterplane about centroid
_ 5.626 x 10' - 3342 x 7.2382

.. 5.626 x IO' - 0.175 x IO'
_ 5.451 x 10' m'

f To determine the $eCOnd moment of area of the waterplane
about the centreline of the ship, the half ordinates mwt be cubed
and then put through Simpson's Ru.le.

ProductfOl'
t ordinaIe H OI'di.ll.ale}' SM 2nd molnCfll

'" ~ I I""y, ."l! • 4YI)

" "', 2 ",'

" '" • 'y,'
y. Yo' 2 ..,'
y, ,,' • 41S]

" yo' 2 2,,'
n n' • .,,1
" n' 2 ..,'
", ",' 4 .",'
y" YlO) I IYlO]

fiCL

Second moment of area of waterplane about the centreline,
-ixhxI:laxi
.. t h ~1C1.

Eumple. The balf ordinaltS of a waterplane 180 m long are as
follows:
Se<tionAP! I 2 3 4 5 6 7 8 9 9! FP
iord 0 5.08.0 IO.S12.5 13.5 13.5 12.5 11.07.5 3.01.00m

Calculate the second moment of area of the waterplane about
the centrdine.

"""'" i ordiDate (I-~ SM ""'-
AP 0 I

I 5.0 m.o 2 2SO.0
I '.0 j12.0 II 168.0
2 10.~ IU1.6 • 4630.4
l 12.5 1m.I 2 ]906.2

• 13.5 2460.4 • *1.6
5 13.~ ""'.. 2 <l920.S

• 12.5 19B.1 4 7812,<4
7 li.O 1331.0 2 2662.0

• 7.5 421.9 • 1681.6

• 3.0 27.0 II 40.5

'1 1.0 1.0 2 2',0
FP 0 I

~j
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Common interval - 18 m

Second moment of area of waterplane about centreline

• 1 x 18 x 36 521.5
c 146 086 m4

h should be noted. tbat tbe second moment of area about a
transverse axis is considerably greater than the second moment
about tbe centreline.

: t ....HSV(lS(
AXIS

Fia·3.7

Since each waterplane is symmetrical it is Dever necessary to
calculate the fU'Sl moment aboul the ccntreline. There arc many
oecasions. however. oa which the fU'St moment. of area of a tank
surface must be calculated as shown by the following example.

Example. A double bottom tank extends from tbe centreline
to t~ ship We. The widths of the Wlk surface. at reauJar
intervals of 11. are Yh Yr. YJ. y. and Y5·

Cakulate the second moment of ~ea of tbe tank surface
about a Jonaitudinal axis throU&h its centroid.

It is necessary in tbis calculation to determine the area.
centroid from tbe centreline and the second moment of area.

p"","" Produd for -'«WWltb SM '«- (Widtht SM 1ft moment (Widlh~ SM 2Dd lDQl!IaU

" I '" ,,' I 1.1.1 y,' I 1,.,1

"
, -" ,,' - -,,' ",' , ."l

" • '" ,,' • 2",' ",' • ""y, - '" ,.' , .,.,' y.' , .",1

" I 1[, y,' • 1"l y,' I 'li

"" Em f!

""'a- ~r..
3

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



CA.l.QJLATIONS OF A.ItEA. VOLUME. FlJtST A.NDSECOND MOMENTS 51

First moment of area about centreline

h
=)xI:mX!

h= ~:Em

C6'1troD fiml. antreline = ---

h
1 l:Q

Second moment of area about centreline

. h .....
la. • ~ wi

Second moment of area. about oemfoid

.. in-or

Example. A double bouom tank 21 m long has a wateniiht
centre girder. The 'Nidths of the tank top measured from the
centreline to the ship's side are 10.0, 9.5, 9.0, 8.0, 6.S, 4.0 and
1.0 m respectively. Calculate the second moment of area of the
tank surface about a IonaitudinaJ axis through its centroid, for
one side of the ship only.

"',."" Prod\tCt for Produa for
WkiCh SM for Ana (Wktthf SM In 1tI0mUlI (Wtdthf SM 2nd momenl

10.0 I 10.0 100.00 I 100.00 1000.0 I 1000.0
9.' • 38.0 90.25 • 361.00 857,04 • ),09.6
'.0 2 18.0 81.00 2 162.00 729.0 2 1458.0
'.0 • 32.0 ".00 • 256.00 512.0 • 2048.0•., 2 13.0 42.25 2 84.50 274.6 2 S<U
•.0 • 16.0 16.00 • ".00 ".0 • 256.0
\.0 I \.0 \.00 I \.00 \.0 I \.0

123.0 1028.50 mIT
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Common interval = 2J = 3.5 m

Area of tank surface = 335 x 128

= 149.33 m2

~- 'd f eIin 1028.5
~trOl rom centr e== 2 x 128

= 4.018 m
Second moment of area about centreline

= 3~ x 8741.8

= 3400.0 m·

Second moment of area about centroid
= 3400.0 - 149.33 x 4.0182

= 3400.0 - 2410.8
= 989.2 m·

A further application of first and second moments of area is
the calculation of the load exerted by a liquid on a bulkhead and
the position of the centre of pressure.

Let the widths of a bulkhead at intervals of h. commencing
from the top, beYI, YI> Yl, ... Y. (Fig. 3.8).

SU~FA(i. Of LIOUID,.
--,.--+-----
- - ,,---f------
--,.--+-----

--,.----l-------
- -'5-- +----- --­,,,.

Fig. 3.8
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AawDe the bulkhead to be flooded to the top edge with liquid
of cIcDIilY I on ODe side ooly

"''''''''' """""w ProdllCt for....... SM for Area ....m lSI momml ...... 2Dd 1Il0lDm1

'" I 1y, , ,
y, • 'y, 1 'y, 1 'y,,., 2 '" 2 '''' 2 '''',., • OJ'> 3 U,., 3 36,.,
Y. 2 2y. 0 'y. • 32Y.

! y, • 'y, , 2Oy, , 1<1'",. I Iy, • '" • 36,.
;;; tm ti

Area of bulkhead = h ED3

First moment of area of bulkhead about surface of liquid

'"= r I;m

It was shown previously that:

Load on bulkhead = ~g x first moment of area

"" ~g x '"3 I:m

Second moment of area of bulkhead about surface: of liquid

h'= r I:i

Centre of pressure from surface of liquid

_ second moment of area
- first moment of area

-~
- I:m

(Note: It is not ne\:essaty (0 calculate tbe area unless requested
to do so).
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Example. A fore peak bulkhead is 4.8 m deep and 5.5 m wide
at the deck. At regular intervals of 1.2 m below the deck. the
horizontal widths are 5.0, 4.0, 2.5 and 0.5 m respectively. The
bulkhead is flooded to the top edge with sea water on one side
only. Calculate:
(a) area of bulkhead
(b) load 00 bulkhead

(c) position of centre of pressure

'rod"" Product for Produdfor

"""" Width SM for Area Lever 1st moment Lever lud moment
4.' 5.5 I 5.5 0 0
3.' 5.0 4 20.0 1 20.0 I 20.0
2.4 4.0 2 '.0 2 16.0 2 32.0
1.2 2.' 4 10.0 3 30.0 3 90.0
0 0.' I 0.' 4 2.0 4 '.0

44.0 ".0 ISO.O

(a)

(b)

Common interval = 1.2 m

Area of bulkhead = 132 x 44

= 17.6 ml

Load on bulkhead = 1.025 x 9.81 l.2 l

x -3- x 68.0

\

I

t
I
f

= 328.2 kN

(c) Centre of pressure from surface

=1.2X
I
:

= 2.647 m

34 REED'S NAVAL ARCHITECTURE FOR ENGINEEllS

Bending moment at D = -300 g x l~

= -15000 g
= 147.15 MN m max.
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CALCULATIOtoo"S OF AklA. VOLUME. FlJt$T AND SECOND M().\,fENTS .5.5

TEST EXAMPLES 3

I. A ship 180 m long has t widths of waterptane of 1, 7.S. 12,
13.5. 14, 14. 14. 13..5, 12,7 and 0 m respectively. Calculate:

(a) waterplane area
(b)TPC
(c) waterplane area coefficient.

2. The waterplane areas of a ship at 1.5 m intervals of
draught. commenciD.l at the keel. ~ 865. 173S, 1965. 2040,
2JOO. 2145 and 2215 m1 respectively. Calculate the displacement
at 9 m drauabt.

3. A ship 140 m long and 18 m beam floats at a draught of
9 m. The immersed cross-sectional areas at equal intervals are S,
60.116,145.152,153.153, lSI. 142.85 and 0 m~ respectively.
Calculate:

(a) displacement
(b) block coefficient
(c) midship section area coerficient
(d) prismatic coefficient.

4. The! ordinates of a waterplane 120 m long are as follows:

ScaionAPt 1 I! 234 S 678 8j99j FP
t ord 1.23.5 S.3 6.8 8.0 8.3 8.5 8.5 8.5 8.4 8.27.96.23.5 0 m

Calculate:
(a) waterplane area
(b) distance of centroid from midships.

5. 1M TPe values of a shi!" .. 1.5 m intervals of draught.
commencing at the keel. are 4.0. 6.1, 7.8. 9.1. 10.3. 11.4 and
12.0 m respectively. Cakulate at a drau&ht of 9 m:

(a) displacement
(b) KB

6. The i breadths of the load waterplane of a ship 150 m loni.
commencing from aft, are 0.3. 3.8. 6.0, 7.7, 8.3.9.0,8.4.7.8,
6.9.4.7 and 0 m respectively. Calculate:

(a) area of waterplaoe
(b) distance of centroid from midships

/ (c) second moment of area about a transverse axis through the
=troid
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56 REED'S NAVAL ARCHITEcruRE FOR ENGINEERS

f 7. The displacement of a ship at draughts of 0, I, 2, 3 and 4 m
are 0, 189,430, 692 and 977 tonne. Calculate the distance of the
centre of buoyancy above the keel when floating at a draught of
4 m. given:

VCB below waterline
area between displacement curve and draught axis

= displacement

f 8. The widths of a deep tank bulkhead at equal intervals of
1.2 m commencing at the top, are 8.0. 7.5, 6.5. 5.7, 4.7, 3.8 and
3.0 m. Calculate the load On the bulkhead and the position of
the centre of pressure, if the bulkhead is flooded to the top edge
with sea water on one side only.

J 9. A forward deep tank 12 m long extends from a longitudinal
bulkhead to the ship's side. The widths of the tank surface
measured from the longitudinal bulkhead at regular inten'als are
10,9,7,4 and I m. Calculate the second moment of area of the
tank surface about a longitudinal axis passing tbrough its
centroid.

f 10. A ship 160 m long has ! ordinates of waterplane of 1.6,
5.7, 8.8, 10.2, 10.5, 10.5, 10.5, 10.0, 8.0, 5.0 and 0 m
respectively. Calculate tbe second moment of area of the
waterplane about the centreline.

f II. The immersed cross-sectional areas of a ship 120 m long,
commencing from aft, are 2, 40, 79, 100, 103, 104, 104. 103, 97,
S8 and 0 mZ• Calculate:

(a) displacement
(b) longitudinal position of the centre of buoyancy.
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CHAPTER'

CENTRE OF ORAVITY

The cc:ntre: of gravity of an objea is the point at which the
whote weight of the object may be reprcied as acting. If the
object is suspended from this point, then it will remain balanced
and will not tilt.

The distance of the centre of ifavilY from any axis is the total
moment of force about that axis divided by the total/oree. If a

, body is composed of a number of different types of material, the
faret may be repre$ented by the ~i,htsof the individual pans.

C f . f . moment of weight 'boY' axis
entre 0 p4lvrty rom Ul$ • total weiaht

At any point on the earth's surface. tbe value of t remains
COnstaDl. Hence the weight may be represented by mass. and:

Centre of gravity from axis
moment of mass about axis- total mass

If the body is of the same material throughout, then the
weight depends upon the ~o/ume and moments of volume may
therefore be used.

Centre of gravity from axis moment of volume about axis
:1 total volume

The centre of gravity of a uniform lamina is midway through
the thickness. Since both the thickness and the cknsity are
constant, moments of aretl may be used. This system may also
be applied to detnmine the centre of gravity. or. more correctly,
centroid of an area.

Centroid from axis ::c
moment of area about axis

total area
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The position of the centre of gravity of a ship may be found
by taking moments of the individual masses. The actual
calculation of the centre of gravity of a ship is a very lengthy
process. and since many of the masses must be estimated, is not
considered to be sufficiently accurate for stability calculations.
Such a calculation is usually carried out for a passenger ship in
the initial design stages, but the results are confirmed by an
alternative method when the ship is completed. Once the posi·
tion of the centre of gravity of an empty ship is known, however,
the centre of gravity of the ship in any loaded condition may be
found.

It is usual to measure the 'Vertical position of the centre of
gravity (VCG) of the ship above the keel and this distance is
denoted by KG. The height of the centre of gravity of an item on
the ship above the keel is denoted by Kg. The longitudinal
position of the centre of gravity (LCG) is usually given as a
distance forward or aft of midships. If the ship is upright, the
trOTl$llerse centre of gravity lies on the centreline of the ship and
no calculation is necessary.

Example. A ship of 8500 tonne displacement is composed of
masses of 2000. 3000, 1000,2000 and 500 tonne at positions 2, 5,
8. 10, and 14 m above the keel. Determine the height of the
centre of gravity of the ship above the keel.

,..
~._.+-­

~-+
8S00'j J..

1'00'" +
I ..I,00Q' _.-1-
. ,.

Fig. 4.1

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



CENT'RE OF ORAVITY

This example is preferably answered in table form.

59

mass
(tonne)

2000
3000
1000
2000
500

8500

Kg
(m)

2
5
8

10
14

Venical moment
(t m)
4000

15000
8000

20000
7000

54000

KG _ total moment
- total displacement

54000- 8500

= 6.3S3 m

Example. A ship of 6000 tonne displacement is composed of
masses of 300, 1200 and 2000 tonne at distances 60, 35 and 11 m
aft of midships, and masses of 1000, 1000 and 500 tonne at
distances IS, 30 and SO m forward of midships. Calculate the
distance of the centre of gravity of the ship from midships.

\Lt'~rULi#f~
~OOt 1200t 20001 I IOOOT 1000t SOOt

Fig. 4.2

A table is again preferred.

Mass
(tonne)

300
1200
2000
1000
1000
500

6000

Leg from midships
(m)

60 aft
35 aft
11 aft
IS forward
30 forward
SO forward

moment forward
(t m)

15000
30000
2S 000

70000

moment aft
(t m)

18000
42000
22 000

82000
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60 REED'S NAVAI. AJ.CHITECTURE FOR ENGINE£RS

The moment aft is greater than the moment forward and
therefore the centre of gravity must lie aft of midships.

Excess moment aft = 82 000 - 70 000
= 12 000 tonne m

Centre of gravity aft of midships
excess moment

= total displacement

=1=
.. 2.00 m

SHIFT IN CENTRE OF ORAVITY
DUE TO ADOmON OF MASS

When a mass is added to a ship, the centre of gravity of the
ship moves towards the added mass. The distance moved by the
ship's centre of gravity depends upon the magnitude of the
added mass, the distance of the mass from the ship's centre of
gravity and the displacement of the ship. If a mass is placed on
the port side of the ship in the forecastle, the centre of gravity
moves forward, upwards and to port. The actual distance and
diredion of this movement is selclom required but the separate
components are most important, i.e. the longitudinal, vertical
and transVerse distances moved. When an item 00 a ship is
removed. the centre of gravity moves away from the original
position of that item.

Example. A ship of 4000 toone displacement has its centre of
gravity I.S m aft of midships and 4 m above the keel. 200 tonne
of carao are now added 4S m forward of midships and 12 m
above the keel. Calculate the new position of the centre of
.,..ny.

,.~+--.
••
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TakiDa momenu about midships:

Moment aft of midships=, 4000 x 1.S
.. 6000tm

Moment forward of midships .. 200 )( 4S
-9000tm

Elu:ess moment forward ... 9000 - 6000
_3000tm

C f . f .dshi excess moment
entreo cravrty rommt PS:II: total displacement

3000
-4000+200

• 0.714 m forward

Taking momenU about the keel:

4OQO X 4 + 200 )( 12
Ccnue of vavity from keel • 4000 + 200

16 QOO + 2AOO
• 4200

KG = 4.381 m

Thus the centre of gravity rises 0.381 m.

61

The same answer may be obtained by taking moments abow
the original oenttt of gravity I thus:

Moment of $hip about centre of pavity = 4000 )( 0
Moment of added mass about e:enue of

araYity - 2000(12 4)
= 1<iOO t m

Rise . .- f "t _ total moment
m cen..~ 0 graV1 Y - tal di-'.'to i>yu-c:ment

-~
- 4200

= 0.381 m
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If the ae::tUal distance moved by tbe eaurt: of aravity is
required, it may be found from the longitudinal and vertical
movements.

~T0311_

G. -L
! I
f-----2.214 •.-.----1

Fig.4.4 "

Longitudinal shift in the centrt: of
gravity GT. 1.5 + 0.714

"" 2.214 m
GG1 '"' .,j OF + TG l l

• .J 2.2141 + 0.38(2
• 2.247 m

The angle , which the centre of aravity moves relative to the
horizomal may be found from Fl&. 4.4.

tan B - .Q1!!2.214

- 0.712
from which (J = 90 45'

SHIFrIN CENTI<E OF GRAVITY
DUE TO MOVEMENT OF MASS

Whea a.mass which is a.lready on board a ship is moved in any
direction, tbert: is a corresponding movement iD the oentre of
gravity of the ship in tbe same dirccc:ion.

rq
I

I .. 1.+=1

~

..

T
~

I
-I.

..
1 I~

!
i ", ··T

.L ~ -
"

Pia. 4.5
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CENTR.E Of CoIlAVlTY 63

Consider a system composed of masses of m" m2 and m) as
shown iP FII. 4.5 (I), the centre of Jravity of each being h" hz
aDd ~ respectiwly from the base 0-0. The distance of the
centre of gravity of the system from the base may be determined
by dividina the total moment of mass about 0-0 by the total
mas•.

Cenue of gravity from 0-0 ;10 t9tal m:ent of mass
to mass

_ m,h, + m1h1 + m,h]
- ml+mZ+m)
=y

If m) is now raised throuah a distance d to the position shown
in Fig. 4.5 (ii), the centre of gravity of the system is also raised.

New centr~ of gravity from 0-0

m.hl + mzh; + mdh, + d)
:::a m\+ml+ m)

Thus it may be seen that:

Shift in cenue of aravity

or,

Shift in centre of gnvity Ell
mass moved x distance moved

TOTAL mass

This expression is most useful in ship calculations and is
applied throughout stability and trim work. It should be noted
that it is not necessary to know either the position of the centre
of gravity of the ship, or the position of the mass relative to the
centre of aravity of the ship. The rise in the centre of gravity is
the same whether the mw is moved from the tank: top to the
deck or from the deck to the mast bud as lona- as the distance:
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64 REED'S NAVAL ARCHITECTURE FOR ENGINEERS

moved is the same. The centre of gravity of the ship moves in the
same direction as the centre of gravity of the mass. Thus if a
mass is moved forward and down, the centre of gravity of the
ship also moves forward and down.

Example. A ship of 5000 tonne displacement has a mass of
200 tonne on the fore deck SS m forward of midships. Calculate
the shift in the centre of gravity of the ship if the mass is moved
to a position 8 m forward of midships.

Shift
· , f ., mass moved x distance moved
18 cen re 0 graY] y = displacement

: ",200"'-~X;:!(6:55,-=-,8,,-)
5000

= 1.88 m aft

EFFECT OF A SUSPENDED MASS

When a mass hangs freely from a point on a ship, its centre of
gravity lies directly below that point. If the vessel now heels, the
mass moves in the direction of the heel until it again lies
vertically below the point of suspension, and no matter in which
direction tbe vessel heels, the centre of gravity of the mass is
always below this point. Thus it may be seen that the position of
the centre of gravity of a hanging mass, relative to the ship, is at
the point of suspension.

This principle proves to be very important when loading a ship
by means of the ship's derricks. If, for example, a mass lying on
the tank top is being discharged, then as soon as the mass is clear
of the tank top its centre of gravity is virtually raised to the
derrick head, causing a corresponding rise in the centre of
gravity of the ship. If the mass is now raised to the derrick bead
there is no further change in the centre of gravity of the ship.

Ships which are equipped to load heavy cargoes by means of
heavy lift derricks must have a standard of stability which will
prevent excessive beel when the cargo is suspended from the
derrick. A similar principle is involved in the design of ships
which carry hanging cargo such as chilled meat. The meat is
suspended by hangers from the underside of the deck and there­
fore the centre of gravity of the meat must be taken as the deck
from which it hangs.
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Example. A ship of 10 000 tonne displacement has a mass of
60 tonne lying on the deck. A derrick, whose head is 7.5 m
above the centre of gravity of the mass, is used to place the mass
on the tank top 10.5 m below the deck. Calculate the shift in the
vessel's centre of gravity when the mass is:

(a) just clear of the deck
(b) at the derrick head
(c) in its final position.

(a) When the mass is just clear of the deck its centre of gravity
is raised to the derrick head.

Shift in centre of gravity mass moved X distance moved
displacement

60 x 7.5
10000

=" 0.045 m up
(b) When the mass is at the derrick head there is no further

movement of the centre of gravity of the ship.

Shift in centre of gravity = 0.045 m up

(c) Shift in centre of gravity =
60 x 10.5

10000

= 0.063 m down.
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TEST EXAMPLES 4

1. A ship of 4000 tonne displacement has its centre of gravity
6 m above the k.eel. Find the new displacement and position of
the cenlre of gravity when masses of 1000. 200, 5000 and )OX)
tonne are added at positions 0.8, 1.0. 5.0 and 9.5 m above the
keel.

2. The centre of gravity of a sbip of 5000 tonne displacement
i5 6 m abo\le the keel and 1.5 at forward of midsbips. Calculate
the new position of the centre of e:ravity if 500 tonne of cargo are
placed in the 'tween decks 10 m abo\le the keel and 36 m aft of
midships.

3. A ship has 300 tonne of cargo in the hold. 24 at forward of
midships. The displacement of the vessel is 6000 tonne aDd its
centre of gravity is 1.2 m forward of midships.

Find tbe new position of the centre of gravity if this cargo is
moved to an after bold, 40 m from midships.

4. An oil tanker of 17 000 tonne displacement has its centre of
gravity I m aft of midships and has 2:50 tonne of oil fuel in its
forward deep tank 75 m from midships.

This fuel is transferred to the after oil fuel bunker whose
centre is SO rn from midships.

200 tonne of fuel from the after bunker is now burned .
. Calculate the new position of the centre of gravity:

(a) after the oil has been transferred
(b) after the oil has been used.

S. A ship of 3000 tonne displacement has 500 tonne of careo
on board. This cargo is lowered 3 m and an additional SOO tonne
of cargo is taken on board 3 m vertically above the ori&inaJ
position of the centre of gravity. Determine the alteration in
position of tbe centre of gravity.

6. A ship of 10 000 tOIlDe displacement has its centre of
,ravity) m above the keel. Masses of 2000. 300 and SOtonne~
removed from positions 1.5, 4.5 and 6 m above the keel. Find
the new displacement and position of the centre of gravity.

f 7. A vessel of 8000 tonne displacement has 75 tonne of eario
on the deck. It is lifted by a derrick whose bead is 10.5 m above
the centre of cravity of the cario, and placed in the lower bold
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9 m below the deck and 14 m forward of its original position.
Calculate tbe shift in the vessel's centre of gravity from its
origina\position when the carlo is:

(a> just clear of the deck
(b) at til< d=ick head
(c) in iu fmal position.

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



CHAPTERS

STABILITY OF SHIPS

Statical stability is • measure of the tendency of a ship to
raurn to the upriabt if inclined by an cxternalforce.

In theory it is possible to balance a pencil on its point on a fiat
surface. The pend! will be balanced if its centre of aravity is
vertically above iu point. In practice this is found to be impos­
sible to achieve. It 15. however, possible to balance the pencil on
its flat end. since, if tbe pencil is very sli&htly inclined, the centre
of Ilavity may still tie within tbe limiu of the base and the pencil
will tend to return to tbe upright. Fia. 5.1 is cxauerated to sbow
this. _.--......

UNSTABLE

Fig. 5.1

_.-.........

STABLE
r

The only times a :limp may be assumed to be stationary and
upriPt are before launchina and wben in dry dock. Thus it is
euential to consider practical conditions and to assume that a
ship is always movinl. If the vessel is stated to be upriaht it
should be rcprded as rolliD& sli&btJy about the upriabt position.

In the upriaht position (Fia. 5.2), the weiJbt of the ship acts
vertically down tbrou&h the centre of gravity G, while the
upthrust acts tbroU&h the centre of buoyancy B. Since the weiaht
is equal to the upthrust, and tbe centre of gravity and the centre
of buoyancy are in the same vatical line. the ship is in
equilibrium.
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I

.-

..

•..
EOUIlI8RIUM

Fia. S.2

When tbe ship is inclined by an external force to an angle e,
the centre of aravity remains in the: same position but the centre
of buoyancy moves from B to B1 (Fl&. 5.3).

STABLE

Fia·5.3

,A
IH'·1 1

.I i I'I. I..

The buoyancy, therefore, acts up tbrough B1 while the weight
still acts down through G. ereatiDl a moment of ~ g x GZ
which tends to return the ship to the upriaht. A t x GZ is
known as the righting momtnl and GZ the rightin, JewT. Since
this moment tends to right the $hip the vessel. is said to be Slllbk.
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For small aqln of bte1, up to about 10°, the vertical through
the new centre of buoyancy Bl intersects the centreline at M the
t~ mttlla1Jtre. It may be seen from Fig. 5.3 tbat:

GZ = GMsinB

Thus for small anaies of heel GZ is a function of GM, and
since GM is independent of 6 wbile GZ depends upon 6, it is
U5Cful to express tbe initial stability of & ship in terms of GM, the
m~tQce1JtricMight. GM is said to be positive when G lies below
M and the vessel is stable. A ship with a small metacentric height
wiD have a small rilhtinl lever at any &llI1e and will roU easily.
The ship is then 5&.id to be tend~r. A ship with a la.r,e meta­
centric beiabt will have a~ ri&htina lever at any angle and
win have a considerable resistance to rollina:. The ship is then
said to be sriff. A stiff ship will be very uncomfortable, having a
very small roll..ina; period and in extreme cases may result in
structural damaae.

If the centre of aravity lies above the transverse metacaltte
(Fli. 5.4), the momml iICU in the opposite direction, inaeasiDa:
the angle of heel. The vesseJ is tben Ilnst/lble and will not retunI
10 the upriaht, the metaeentric heiabt beiDa reprded as
nqative.

,

UNSTABLE
FiJ;.5.4

When the centre of gravity and transverse mctaeentric
coincide (Fie. 5.S), there is DO moment acting on the ship which
will tbcrefore remain iDc:lincd to anale 8. The vessel is then said
10 be in MUtraJ equilibrium.

\
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L

.. I
i/

_i"
'j j-
. I..

NEUTRAL
EQUILIBRIUM

Fig.5.S
Since any reduction in the heilbt of G will make the ship

stable. and any rise in 0 will make tb~ ship unstable, tbis condi·
tion is regarded as the point at wroth a ship Mcomes either
stable or unstable.

TO FtND THE POSmON Of M
The distance of the transverse meucentre above the keel (KM)

is given by KM :z KB + BM.
KB is tbe distance of (he centre of buoyancy above tbe keel

and may be found by one of the methods shown previously.

-,
/ I

'f--... ;
/ '"

FiS·5.6
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BM may be found as follows:
Consider a ship whose volume of displacement is v. lying

upright at waterline WL, the centre of buoyancy being on the
centreline of the ship. If the ship is now inclined to a small angle
8. it will lie at waterline WILl which intersects the original
waterline at S (Fig. 5.6). Since 8 is small it may be assumed that S
is on the centreline.

A wedge of buoyancy WSWI has been moved across the ship
to L$L causing the centre of buoyancy to move from B to 8 1•

Let v = volume of wedge
ggl = transverse shift in centre of gravity of wedge

v X HI
z V

But BBI = BM tan 8

BM JJ \lXggl.'. tan\1= v

BM=vxggJ
v tan 8

To determine the value of \I x ggl, divide the ship into thin
transverse strips of length ax, and let the half width of water­
plane in way of one such strip be y.

Volume of strip of wedge = tv x y tan 8 Ox
Moment of shift of strip of wedge = 4Y x ;r tan 8 Ox

= tY' tan e4x
Total moment of shift of wedge = v x ggl

= 1; tyl tan 8 Ox
=tan 8 t I:y3 Ox

But, 1:)" Ox :. second moment of area of waterplane about
the centreline of the ship

z [

.·.vxggl=ltanfJ

BM= 1 tan 8
v tan 6

[
BM= v
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Example. A box barae of lensth L and breadth B Ooat5 at a
level keel draupt d. Calculate the height of the transverse meta­
centre above the keel.

/"A
• j. /

; I· ;>, /
~ .

i ' i'(/
r--'---j

Fia. S.7

KM., KB + BM

XB _ d
~

8M. /
v

/- nLBI

v - L.B.d

LIP
BM - 12.L.B.d

d B'
.·.KM- 1 + 12d

It should be noted that while the above expression is
applicable only to a box baree, similar expressions may be
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derived for vessels of coustant triangular or circular cross
sections. The waterplane in each case is in the form of a
rtcttm,lt, the second moment of which is i\ x length X
breadthJ • As IORi as the leIlJlh of a vessel having constant cross­
section exceed$ the breadth. the length does not affect the
transverse stability of the ship.

&ample. A vuseI of conSWll trian.sular cross-sec:tion has a
depth of 12 m and a breadth at the deck of IS m.

Calculate the dr.aught at which the ve:ueI will become unstable
if the centre of gravity is 6.675 m above the keeL

".
!
I

_,--.L

!-·----I". --_.--1
, i

--T
i---IT' !

I
•,

w-'\"-_

Fig. 5.8

Let d - drauJht
b - breadth at waterl.ine

By similar trianJies

= J.. d
4

KB - id

v-tLbd
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(Note that b is the breadth at the waterline).
/

BM= v
=/iL/)J+!Lbd

Ii'
-iiiJ

= k ~~ d)'
25 d

=96
The vessel becomes unstable when G and M coincide.

75

Thus KM= KG
= 6.675 m

6.675 = 1 d + ~ d
89 d

=§6

d = 6.675

Draught d :::: 7.2 m

96
xS9

METACENTRIC DIAGRAM

Since both KB and BM depend upon draught, their values for
any ship may be calculated for a number of different draughts,

-E_f--~_.

~.__.

Fig. 5.9

HETA.CENTkIC DIA.GRAM
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76 1lUD'S NAVAl AlCHITECTUllE FOl ENGINEDS

and plotted to form the melDC6llric dillgfilM for (be ship. The
heiaht of the' transverse metacentre above the keel may then be
found at any intermediate drauJht.

The metacemric dia&ram for a box barJc is similar to that for
a ship (F'iJ. 5.9), while the dia&rU1 for a vessel of constant
tJian&u1ar aoss-section is formed by two straight lines swtina
from the ori,m. (Fii. S.IO).

._-..!!:!.._.

_.~.

KB:KM

METAaNnlC Ol..-w F<:Mt V£SSEl Of
CONSTANT TlIIIAHGUlAft CAOS5-SKTlOtt

Fil. $.10

Example. A vessel of c:onstaDt rea.ancuJ.ar crosHection is
12 m wide. Oraw the mc:taeentric diagram using 1.2 m intervals
of draucht up (0 the 7.2 m waterline.

1.
I

! i
• i'
I :

-"--!----!-------lI ' ,i----.-". _._..-(

Fil.5.11
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STABIlITY OF SHIPS 17

h is useful in an example of this type 10 derive an expression
for KB and KM in terms of the only variable-<l.rauaht and
substitute the different draught values in tabular form.

12
~7

d
o
1.2
2.4
3.6
4.8
6.0
7.2

•
7

. ,
•
•
•

KB
o
0.6
1.2
1.8
2.4
3.0
3.6

J(M:::ltXB+BM
BM

10.00
5.00
3.33
2.50
2.00
1.67

KM

10.60
6.20
5.l)
4.90
5.00
5.27

o a J .4 S • 7 I 9 10 II 12
I' t 1M •

Fig. 5.12
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INCLINING EXPEIUMENT

This is a simple experiment whic:h is carried out on the
completed ship to determine the mctacentric heiJht, and hence
the height of the cmtre of gravity oftbe ship. If the height of the
cenue of gravity of the empty ship is blown, it is possible to
calcu1ale its position for any given c:ondi~ion of loading. It is
therefore neceuary to carry out the inc:linin& experiment on tbe
empty ship (or as near to empty as possible).

The experiment is commenced with the ship upright.
A small mass m is moved across the ship tbrouih a distance d.

This causes tbe centre of gravity to move from its oripnal
position G on tbe ceut.reline to GI _ (Fii. 5.13).

The.

If A = displacement of ship

GGI""mxd•

.~~ •
!

!

II• /.i+- f /

.j j' / .
I . . !

Fla. S.13

The ship then heels to aqie 6. when the centre of buoyancy
moves from B to BI, in the same vertical line as Ol. But tbe
vertical through BI intersects the centreline at M, the transverse:
metacentre.
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srABILITY OF SHIPS

GG I = OM tan 6

79

GMtane= m x d
~

OM = m x d
£J.tan 9

To determine the angle of heel it is necessary to suspend a
pendulum from, say, the underside of a hatch. The deflection a
of the pendulum may be measured when the mass is moved
across the deck.

Thus if I;: length of pendulum

and

a
tane=7

GM=mxdxl
~ x a

The height of the transverse metacentre above the keel may be
found from the metacentric diagram and hence the height of the
centre of gravity of the ship may be determined.

KG ~ KM- GM

Example. A mass of 6 tonne is moved transversely through a
distance of 14 m on a ship of 4300 tonne displacement, when the
deflection of an 11 m pendulum is found to be 120 nun. The
transverse metacentre is 7.25 m above the keel.

Determine the height of the centre of gravity above the keel.

OM= m x d
b. tan e

6 x 14 x 11
= 4300 x 120 x 10-3

= 1.79 m

KG = KM- GM
= 7.25 - 1.79
= 5.46 m
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CONDUCT Of lXPfll.lMENT

The experiment must be carried out very carefully to ensure
accurate resuJts. At leut rwo penduJums are used, one forward
and ooe aft. They are made as IODg as possible and are sus·
pended from some convenient point, e.g. the underside of the
hatch. A stool is arranged in way of~ch pendulum OD which the
deflections are recorded. The pendulum bobs are immersed in
water or liaht oil to dampen tbe swing.

Four musts A. B. C and D are placed on the deck. two on
each side of the ship near midships. their centres brine as far as
possible from the centreline.

The mooriq ropes are slackened and Ibe sJUp-to-sbore gang.
way removed. The draughts and density of water are read as
accurately as possible.

The inclinina: masses are then moved, ODe al a time, across tbe
ship until all four are on OM side. then aU four on tbt other side
and ftnally two on each side. The deflections of the penduJums
are recorded for each movement of mass. An avcraae of these
deflections is used to determine tbe metae:entric heiJht. Tbw if
there: are eight movements of mass, and. the r«orded deflections
of pendulum ue ai, Q:, 12], 12•.........12•• then

d.J'l.--':- Q! + /!z + Q1 + a. + Q, + Dt + a, + aa
aveJ'&le ~l-.uun - 8

The ship should be in a sheltered position, e.l. gravina dock,
and the experiment should be carried out in calm weather. Only
those men required for the experimeD:t sbould be allowed on

AOTAT1NG

""UM
I

[~J~~~~.:":N:-::~~:~;~
~"=

AD.IUSTAIL! I'EET

rll·5.14
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SlABILl'TY OF SHIPS 81

board. Any movement of liquid affects the results and therefore
all tanks should be empty or pressed up tight. The magnitude
and position of any mass which is not included in the lightweight
of the ship should be noted and it is therefore necessary to sound
all tanks and inspect the whole ship. Corrections are made to the
cmue of gravity for any such masses.

An instrument for recording inclination is in use by many
shipyards. Jt consists of a heavy metal pendulum balanced on
knife edges, aeared to a pen arm which records the angJe of heel
on a rotatiDJ drum. The advantages of using this instrument,
known as a StabiJogrQph, are tbat a penna.nent record is
obtained and the movement of tbe ship may be seen as the
experiment is in progress. If, for jnstance, the mooring TOpeS are
restricting tbe beet the irregular movement will be seen aD the
drum.

jFREE SURFACE EFFECT

When a tank on board a ship is not completely full of liquid,
and the vessel heels, the liquid moves across the tank in the same
direction as the heel. The centre of gravity of the ship moves
away from the centreline, reducing tbe riJbring lever and
increasinc the angle of heel.

The movement of the cmtre of gravity from G to 01 has been
caused by the uansfer of a wedge of liquid across the tank. Thus

1.'
t

/'
0, z

/
/

G Z

G.
,

,
Fi,.5.15
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82 REED'S NAVAL ARCHITECTURE FOR ENGINEERS

if m is the mass of the wedge and ggt the distance moved by its
centre, then

GG,
m x KlI= •

Butm=vxe
where v "" volume of wedge

e ::: density of liquid
and tJ. "" V X el

where v = volume of displacement
e1 "" density of water

GO, ::: VXpXllJll

V X el

Divide the tank into thin, transverse strips of length Ox and let
one such strip have a half width of free surface of y

Volume of strip of wedge = iY x y tan 6 Ox
::: lr tan 86x

Mass of strip of wedge "" e x lr tan 8 Ox
Moment of transfer of strip of wedge

z: 1Y x e x tyz tan 86x
""ex;rtan6Ox

Total moment of transfer of wedge
"" v It ggl
::: e tan e ~ ;y3o.x

But r: iyJOx ... 2nd moment of area of free
surface about the centreline
of the tank

pi tan 8
=

0' v

The righting lever has therefore been reduced from GZ to
G1Z. But the righting lever is the perpendicular distance between
the verticals through the centre of buoyancy and the centre of
gravity, and this distance may be measured at any point. The
vertical through G1 intersects the centreline at 0 1, and

ChZ = GtZ
also GiZ "" fhM sin 6

but G,Z docs not equal GIM sin 8
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Since the initial stability of a ship is usually measured in terms
of meta-centric height, it is useful to assume that the effect of a
free surface of liquid is to raise: the centre of gravity from G to
0:. thus reducing the metaeentric beight of tM vcss:el.
G~ is termed the virtU4J reduction in ;"etacentric height dIU!

'0 fT« surface or, more commonly I ,he free surface effec,.

Now GO l - GO: tan e

.'.00, = pi,one
Ql V tan 6

Free surface effect GO: =..R..L
Q' •

_R...1
or - A

= 0.0

.', ocn =

Example. A ship of SOOO lonne displacement bas a rectangular
tank 6 m long and 10 m wide. Calculate the virtual reduaion in
metaeentric height if this tank. is partly full of oil (rd 0.8).

~ _ JOOO x 0.8 keirn'
i :E A6 x )()3 m·"I - 1025 kg/mJ

v u~mJ
1.025 ~.'
1000 x 0.8 x 6 x lCP x I.

10 x 5000 x 1;v,

, f:
••

• I
, I

, I. ,
, I,

THE EFFECT OF TANt: DIVISIONS ON n.u SUIlFACE

Consider a rectangular tank of length I and breadth b pan.ly
full of sea water.

(a) WTTH NO DIVISIONS

FlI·5.J6
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i .
::0: V SlDce e • Ql

i-nlbl

III'
. .. GG,. :>I i"2"V

(b) wtni A MlD-LENCiTH. TJt.ANSVUSE DIVISION

/ '

, ,, ,
I ',,

FOT one tank i _ ;\ ~ bJ

For two tanks i - x 2

Thus as lonl as theTe is a fr~ surface of liquid in both tanks
there is no reduction in fr~ surface effect. It would, however. be
possible to fill ooe tank completely and have a free surface effect
in only one tank.
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Fig. 5.18

For one tank i =- -b. I (~y

For tWO tanks j :: fJ I (~y x 2

=!x+tlbJ

1 Ib'
. '. G<h z::: 4 x "i"2V

85

Thus the free surface effect is reduced to one quarter of the
oriaiDa1 by introduciq a longitudinal division.

(d) WITH TWO LONGfTUD1NAL DIVISIONS fOaMING THlt.EE EQUAL

TANIS

FII.5.19
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86 REED'S NAVAL ARCHITEcruRE FOR ENGINEERS

For one tank i = Ii I (;J
For three tanks i = ii I (~y x 3

I I b'
!;i x 12 v

It may be seen that the free surface effect is still further
reduced by the introduction of longitudinal divisions.

If a tank is sub-divided by n longitudinal divisions forming
equal tanks, then

1 .1.JL
+ 1)2 12 v

PRACTICAL CONSIDERATIONS

The effect of a free surface of liquid may be most dangerous
in a vessel with a small metacentric height and may even cause
the vessel to become unstable. In such a ship, tanks which are re­
quired to carry liquid should be pressed up tight. If the ship is
initially unstable and heeling to port, then any attempt to intro­
duce water ballast will reduce the stability. Before ballasting,
therefore, an attempt should be made to lower the centre of
gravity of the ship by pressing up existing tanks and lowering
masses in the ship. If water is introduced ,into a double bottom
tank on the starboard side the vessel will flop to starboard and
may possibly capsize. A small tank on the port side should there­
fore be filled completely before filling on the starboard side. The
angle of heel will increase due to free surface and the effect of
the added mass but there will be no sudden movement of the
ship.

A panicularly dangerous condition may occur when a nre
breaks out in the upper 'tween decks of a ship or in the
accommodation of a passenger ship. Ifwater is pumped into the
space, the stability of the ship will be reduced both by the added
mass of water and by the free surface effect. Any accumulation
of water should be avoided. Qrcumstances will dictate the
method used to remove the water, and will vary with the ship,

,
c
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STABILITY OF SHIPS 87

cargo and position of fire. It may be possible to discharge the
water using a ponable pump. In calm weather or in pon a hole
may be drilled in the side of the ship. A hole in the deck would
allow the water to work its way into the bilges from where it may
be pumped overboard, but it is doubtful if such a method would
be possible except in rare circumstances. It may, however, be
possible to remove the 'tween deck hatch covers thus restricting
the height of water to about 150 mm. The cargo in the lower
hold would be damaged by such a method but this would be
preferable to losing the ship.

It is imponant to note that the free surface effect depends
upon the displacement of the ship and the shape and dimensions
of the free surface. It is independent of the total mass of liquid
in the tank and of the position of the tank in the ship.

The ship with the greatest free surface effect is, of course, the
oil tanker, since space must be left in the tanks for expansion of
oil. Originally tankers were built with centreline bulkhead and
expansion trunlcs. Twin longitudinal bulkheads were then intro­
duced without expansion trunks and were found to be
successful, since the loss in metacentric height due to fr«
surface was designed for. It is not possible to design dry cargo
vessels in the same way, since the position of the centre of
gravity of the ship varies considerably with the nature and
disposition of the cargo. Thus, while the free surface effect in a
tanker is greater than in a dry cargo ship, it is of more impor­
tance in the latter.

The effect of a suspended mass on the stability of a ship may
be treated in the same way as a free surface. It may be shown, as
stated in Chapter 4, that the centre of gravity of the mass may be
taken as acting at the point of suspension.

1STABILITY AT LARGE ANGLES OF HEEL

When a ship heels to an angle greater than about 10°, the
principles on which the initial stability were based are no longer
true. The proof of the formula for BM was based on the
assumption that the two waterplanes intersect at the centreline
and that the wedges are right angled triangles. Neither of these
assumptions may be made for large angles of h«l, and the
stability of the ship must be determined from nrst principles.

The righting lever is the perpendicular distance from a vertical
axis through the centre of gravity G to the centre of buoyancy
Bt . This distance may be found by dividing the moment of
buoyancy about this axis by the buoyancy. In practice recourse
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is made to an instrument known as an integrator which may be
used to determine the area of any plane and the moment of the
plane about a given axis. The method used is as follows.

",
(".~,

/1 I
j' I j,
. I"

Fig. 5.20

The position of the centre of gravity G must be assumed at
some convenient position above the keel. since the actual posi­
tion is not known. Sections through the ship are drawn at
intervals along the ship's length. These sections are inclined to
an angle of, say ISO, The integrator is set with its axis in the

I,
, ,,

,

':x
,

i'--.
f'..

~ --r-
"'- 's-

od~

I
~ooo

D1S'l.lCEM(NT

CROSS CURVES OF STABILITY

Fig. S.21
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vertical throusb G. The outline of each section is traced by the
integrator up to a given waterline and the displacement and
ri&hling lever obtained. This is repealed for different waterlines
and for angles of 30". 45 D

, 60°. 75° and 90°. The GZ values at
each angle are planed 00 a base of clisp1acement to form the
cross OIfWS 01 SttJbiJity fOT the ship.

The displacement, height of centre of pavity and metacentric
heigbt of a vessel may be cakulated for any loaded condition. At
this displacement tbe righting levers may be obtained at the
respective angles for the assumed position of the cCDtre of
Vavity. These values must be amended to suit the actual beiaht
of the centre of ,ravity.

Let G - assumed position of cenue of gravity
0 1 "" actual position of centre of cravity

, , I

I' I.
/ I

/'. z ,
Ii !

"; Z G Z

W •
,

•
Fla. 5.22 FIg. 5.23

If OJ lies below G (Fig. 5.22), then the ship is more stable and
GJZ = GZ + GO l sin 8

If O. lies abovt G (Fig. 5.23), then the ship is less stable and
GIZ "" GZ - GO I sin 6

The amended ri&hting levers are plotted on a base of angle of
heel to form tbe Curve of Statical Stability for the ship in this
condition of loadioa:. The initial slope of the curve lies along a
line drawQ from the origin to OM plot:ted vertic:ally at one radian
(57.3·).
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90 REED'S NAVAL ARCHITECTVRE FOR ENGINEERS

The area under this curve to any given angle, multiplied by the
gravitational weight of the ship, is the work done in heeling the
ship to that angle and is known as the Dynamical Stabitity.

,,'40· 50~ 6c!
,.NGlE OF HfEl

zd''d'

._._._._.~..L.Q!.jl!JHi!!r_.__--I
I

:
i
I
I

o

GZ
•

CURVE OF STATICAL STABILITY
Fig. 5.24

Example. A vessel has the following righting levers at a patti·
cular draught, based on an assumed KG of 7.2 m

(j 0" IS"
GZ 0 0.43

30'
0.93

45'
J.2J

60'
1.15

75'
0.85

90'
0.42m

The vessel is loaded to tbis draught but the actual KO is found
to be 7.8 m and the GM 1-0 m.

Draw the amended statical stability curve.

GG I = 0.6 m
GjZ ;;::: OZ - 001 sin (j

(Le. the vessel is less stable than suggested by the original
values).

Angle 9 sin (j GO I sin e GZ G,Z
0 0 0 0
15' 0.259 0.15 0.43 0.28
30' 0.500 0.30 0.93 0.63
45' 0.707 0.42 1.21 0.79
60' 0.866 0.52 1.15 0.63
75' 0.966 0.58 0.85 0.27
90' 1.000 0.60 0.42 -0.18
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ANGLt Of HEEL

Fig. 5.25
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The shape of the stability curve of a ship depends larlely on
the metacentric bei~t and the frttboard. A tremendous change
takes place in this curve when tbe weather deck edse becomes
immersed. Thus a shj.p with a larae freeboard will normally have
a large range of nathlity while a vessel with a small freeboard
will have a much sm3lkr range. Fig. 5.26 shows the effect of
freeboard on two ships with the same metaceJltric heisht.

.,
.~

• F;a.5.26

B
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Vessel A is a closed shelter deck ship.
Vessel B is a raised quarter deck ship.

It is essential for a vessel with small freeboard. such as an oil
tanker. to have a large metacentric height and thus extend the
range of stability.

If a vessel is initially unstable it will Dot remain upright but
will either heel to the Angle of Loll or will capsize depending
upon the degree of instability and the shape of the stability curve
(Fig. 5.27).

Vessel A will heel to an angle of loll of about 80 but still
remains a fairly stable ship, and while this heel would be very
inconvenient. the vessel would not be in a dangerous condition.

If vessel B is unstable it will capsize since at alI angles the
righting lever is negative.

+
ANGLf OF LOLL

GZ (~NIP .".)

Fig. 5.27

B A

Example. The righting leve:s of a ship of 15 ()(X) tonne
displacement at angles of beel of ISo, 300 ,450 and 600 are 0.29.
0.70. 0.93 and 0.90 m respectively. Calculate the dynamical
stability of the ship at 600 heel.

Angle GZ SM Product for area
0 0 1 0

15" 0.29 4 1.16
30° 0.70 2 1.40
45° 0.93 4 3.72
60° 0.90 1 0.90--

7.18
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NOle: The common interval must be expressed in rrzdians.

IS
h = "fIT

IS
Area under curve .. t . 57T . 7.18

= 0.626S
Dynamical stability ". l' 000 x 9.81 x 0.6265

= 92.19 x H)3 kJ
1E 92.19 MJ

STABlUTY OF A WALL_SiDED SKIP

93

If a vessel is assumed to be wall-sided in the vicinity of tbe
.....aterplane, the righting lever may be estimated from the
expression.

GZ - sin 9 (GM + i 8M tanl 8)

This formula may be regarded as reasonably accurate for
vessels which are deeply loaded, up to the point at which the
deck edle eDterS the water. .

If a vessel is initially unstable it wUl either capsize or beel to
tbe angle of IoU. At this angle of IoU 9 the vessel does DOt tend to
return to the upriaht or incline to a arcater angle_ The ri&bting
kver is therefore zero. Hence jf the vessel is assumed to be wall­
sided:

o .. sin 9 (GM + i BM ctlJil 8)

and since sin 8 cannot be zero unless 8 is zero:

0= GM+ jBMla",8
JBMla'" 8 = - GM

tan26 :>:
_ 2 0M

BM

From which I GMtan9 .... ±,,-2 SM
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Sinc~ f?M must be negative for this condition, - 2 ~~ must
be POSllll'e.

Thus the angle of loll may be determined for any given
unstable condition.

Example. A ship of 12000 tonne displacement has a second
moment of area about the centreline of 72 x IQl m·.lfthe meta·
centric height is - 0.05 m, calculate the angle of loll.

v _ 12000 3
- 1.025 m

I
BM:: V

72 x 1()3 x 1.025
12000 m

:: 6.150 m

tan () :: ± VC_~21(~6].~~50~5!l)
;;;: ± 0.1275

From which () = ± 7° 16'

Le. the vessel may heel 7° 16' either to port or to starboard.

A more practical application of this expression may be found
when the vessel is listing at sea. It is necessary first to bring the
ship upright and then provide sufficient stability for the
remainder of the voyage. Thus it is essential to estimate the
negative metacentric height causing the angle of IoU in order to
ensure tbat these conditions are realised.

Example. At one point dUring a voyage the above vessel is
found to have an angle of loU of 13°. Calculate the initial meta·
centric height.

From above 8M=

tan () =

0,2309 =

OM=

6.150 m

.'I;=¥.2G~M
± -.J=-BM

. I-20M
± 'Y 6.15

O.23Q9l x 6.15
2

Initial metacentric height = 0.164 m.
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TEST EXAMPLES 5

l. A ship displaces 12 000 tonne. its centre of cravity is
6.50 m above tbe keel and its centre of buoyancy is 3.60 m
above the keel. If tbe second moment of area of the warerplane
_bow tbe centreline is 42.5 X UP mC fLDd the meucentric
h';g!n.

2. A vessel of 10 000 tonne displacement has a second
moment of area of waterpiane- about the centreline of
60 x 11)3 mC

• The centre of buoyancy is 2.75 m above the keel.
The following are the disposition of the masses on board the
ship.

4000 tonne 6.30 m above the keel
2000 tonne 7.50 m abo~ the keel
4000 tonne 9.15 m above the ked

Calculate the metacentric beiiht.

3. A vessel of constant rectaIlau1a.r cross-section has _ breadth
of 12 m and metacentric height of one quarter of the draught..
The vemcaJ oent~ of gravity lies on lhe waterline. Calculate tbe
draught.

14. A raft is made from two cylinders each 1.5 m diameter
and 6.m IOlll. The distance between the centres of the cylinders
i5 3 m. If the drauaht is 0.75 m, calculate the transverse BM.

5. A vessel of constant rectanaular eross·seaion is 7.2 m
wide.
(a) Draw the metaeentrie diqram using 0.5 m intervals of
draught up to the 4.0 m waterline.
(b) If the centre of gravity is 3 m above the keel. determine from
the metaeentric diauam the limits of draught between which the
vessel wiD be unsu.ble.

6. A vessel of constant trian.pllar cross-section is 9 m wide aJ.
the deck and bas a depth to deck of 7.5 m. Draw the metacenuic
diagram usiOl O.S m intervals of draught up to the 3.0 m
waterline.

7. An inclinina experiment was carried out on a ship of SOCK)
tonne displacement. A mass of 10 tonne was moved 14 m across
the deck causing _ pendulum 8.S m lana to deflect 110 mm. 1be
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transverse metaeentn: was 7.1S m above the keel. Calculate the
metaeeDtric height and the beight of the centre of ITavity above
lhe ked.

8. An inclining experiment was carried out on a ship of 4000
tonne displacemeot, when masses of 6 tonne were moved traos­
versely through U.S rn. The deflections of a 7.S m pendulum
were 81, 78, 8S, 83, 19, 82, 84 and 80 mm respectively.

Calculate the metaeentric beight.

19. A ship of 5000 tonne displacement has a rectangular
double: bottom tank 9 m wide and 12 m long, half full of sea
water. Calculate the virtual reduction in metaeeDtric height due
to free surface.

flO. A ship of 8000 tonne displacement bas its centre of
gravity 4.S m above the keel and transverse metacentre S.O m
above the keel when a rectangular tank 7.S m lona: and IS m
wide contains sea water. A mass of 10 tonne is moved 12 m
across the deck.. Calculate the an&1e of heel:
(8) if there is no free surface of Water,
(b) if the water does not completely rill the tank.

fli. A ship of 6Ol:X) tonne displacement has its cenue of
gravity S.9 m above the ked and tramverse metacentre 6.8 m
above the keel. A rectaoauIar double bottom tank 10.' m lOlli,
12 m wide and 1.2 m deep is now half-fllled with sea water.
Calculate the metaeentric height.

fl2. An oil tanker 24 m wide displaces 2S 000 tonne when
loaded in Dine equal tanks, each 10 m long, with oil rd 0.8.
Calculate the toW free surface effect with:
<a> DO Ioqitudioal divisions,
(b) • lOIlIitudinal ccntrdine bulkbead,
<c) twin lonaitudinal bulkheads, forminl three equal tanks,.
(d) twin lonaitudinal bulkbeads, the cmue companment havins
• width of 12 m.

fl3. A ship of 12 :500 tonne displacement and 1:5 m beam bas
a metaeentric hei&ht of 1.10 m. A mass of 80 toDDe is lifted from
its position in the centre of tbe lower hold by one of the ship's
derriclcs, and placed on the quay 2 m from the ship's side. The
ship beds to • nwtimwn angle of 3.'· wheD the mass is beina
lIlOY<d.
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(a) Does the GM alter ouring the operation?
(b) Calculate the height of the derrick head above the original
c:e:nue or gravity of tbe mass.

/14. The rightina levers of a ship, for an assumed KG of
3.5 m, are 0, 0.25, 0.46, 0.51, 0.39, 0.10 and -0.38 m at angles
of beel of 0, 15",30",45",60".75" ano 90" respectively.

When the ship is loaded to the same cl.isplacement the centre of
pvit)' is 3.0 m above tbe keel. &Dd the metacftltric height
1.2S m. Draw the am~ curve of statical stability.

jlS. The riJb,tina moments of a ship at an&1es of heel of 0,
lS", 30", 45" and 60" are 0, 1690, S430. 9360 and 9140 kN m
respectively. Calculate the dynamical stability at~.

f16. A ship of 18 000 tonne displacement has KB 5.25 m, KG
9.24 m and second moment of area about the centreline of
82 x 1()1 m4•

Usina: the wall~s.ided formula calculate tbe riabtina: levers at
intervals of S" hed up to 20" and sketch the stability eurve up to
this .......

f17. A ship of 7200 tonne displacement has KG 5.20 m. KB
3.12 m aDd XM 5.35 m. 300 tonne of fuel at X, 0.6 m are DOW·

llSed. IJDOrina fRe surfaet effect ana &ssumj", tbcKMmnains
constant, ca1culate the aD&1e to which the ves.sd will bed.
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CHAPTER 6

TRIM

f CHANGE IN DRAUGHTS DUE TO
ADDED MASSES

TRIM is the difference between tbe draughts forward and aft.
Thus if. ship floats at draughts of 6 m forward and 7 m aft. it is
said to trim 1 m by the stem. If the draught forward is greater
than the draught aft the vessel is said to trim. by the Mad.

CENTlE OF Fl.OTAnON (LCJ'J is the centroid of the Wl1erplane and is
the axis about which a ship changes trim when a mass is added,
removed or moved longitudinally.

If a small mass m is added to a ship at the centre of flotation,
there is an increase in mean drauiht but no change in trim. since
the centre of gravity of the adcled'mass is at tbe same position as
the centre of the added layer of buoyancy. A large mass (e.g. one
exceeding, say. one twentieth of the displacement) will cause a
considerable increase in draught and hence a change in water­
plane area and centre of flotation.

MEAN DRAUGHT

The mean draught of a vessel is the draught at which the vessel
would lie in level keel conditions. Since the vessel chan&es trim
about the LCF. the draught at this point remains constant for
any given displacement whether the vessel is at level keel or
trimmed. Hence the mean draught may be taken as the draught
at the LCF.

The mean of the end draughts may be compared with the
actual draught amidships to determine whether the vessel is
hogging or sagging, but is of little relevance in hydrostatic
calculations.

EFFECT OF ADDING SMALL MASSES

It is useful to assume that when a small mass is added to the
ship it is first placed at the centre of flotation and then moved
forward or aft to its fInal position. Thus the effect of an added
mass on the draughts may be divided into:
(a) a bodily increase in draught
(b) a cbanae in trim due to the movement of the mass from the

centre of flotation to its final position.
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TRIM 99

The bodily increase in draught may be found by dividing the
mass by tbe TPC.

The change in trim due to any longitudinal movement of mass
may be found by considering its effect on the centre of gravity of
the ship.

Consider a ship of displacement ~ and length L, lying at
waterline WL and having a mass m on the deck (Fig. 6.1). The
centre of gravity G and the centre of buoyancy B lie in the same
vertical line.

, H,

I
II.
il
II

1-------.11 --.--1

lTI Ii [E] ~
:. G,tE 6 L

,1S\O--- "~-{'-------- -.-- ~ ,.
- I, -t--._-----, -._-_._.----j

Fig. 6.1

If the mass is moved a distance d aft, the centre of gravity
moves aft from G to Gh and

m X d
~

The ship then changes trim through the centre of flotation F
until it lies at waterline WILl. This change in trim causes the
centre of buoyancy to move aft from B to B I • in the same vertical
line as G1• The vertical through B 1 intersects the original vertical
through B at M L • the longitudinal metacentre. GML is known as
the longitudinal metacentric height,

OM,

8M,

=KB+BML-KG

I,
='1
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Where 1, _ scoood moment of area of the waterp1Ule about a
transverse axis throup the centre of flotation F.

If the: vtsSe1 trims through an ugJe fJ. then

GGI .. GML tan •

and GMLtan¢ >Em x d..

Draw RL I paralld to WL.

Cbaqe in trim - WIW + LL1

• WIR

t
""i(iOm

Where 1 - cbanae in trim in em over length L m.

But t
tan ¢ • 100I

( M X d
··/OOL=.xGML

1 ,. 1ft X d x lOOL em
A x GML

The chaDae in trim may tbenfore be calculated from this
e:xprasioo. m x d is known as the trimmina moment.

It is useful to mow the momC1lt which will cause a chanae in
trim of one CD1.

lXAxGML
m x d • 100 L tonne m

Let
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Then moment to chance trim one em

MCTl em. - L!. X GM, tOMe at
- 100L

Chanae in trim. t _ trimming moment .......
- MCTI em .

m , d
= MeTI em em by tbe stern

It is DOW possible to determine the effect of this chanae in trim
em tbc end drauJbts. Since the vessel cb.a.n&es trim by the stem,
me forward draught will be reduced while the after drauabt will
be "'eaoed.

By similar triangles.

!.. _ ll-I W1W
L -FL- WF

t, LL, and W,W may be expressed in em while L, FL and WF
are expressed in m.

ChangeindrauchtforwardLL, =

Change in drauaht aft WIW = + r x WF em

Extzmpk.. A ship of 5000 tonne displacement, '96 m long,
floats .. draughts of 5.60 m forwarD and 6.30 m aft. The TPC is
11.5. GMI, lOS ttl and centre of flotation 2.4 m aft of midships.

Calculate:
<a> the Men em
(b) the new end draU&hts when 88 tonne are added 31 m

forward of midships.

MCT! em =<a) lJ. X QMI
100L

5099 , 105
= 100 x 96

:. 54.69 tonne m
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(b) Bodily sinltoge • I~S

• 7.65 an
d .. 31 -to 2.4

.. 33.4 m from F
Trimming moment. 88 x 33.4 tonnem

Chanae in uim • 88 x 33.4
54.69

• 53.74 em by the bead

Distance from F to fore end • ~ + 2.4

• 50.4 m

Distance from F to aher end • ~ - 2.4

• 45.6 m

Cbance in trim forward • + 5~4 x 50.4

• + 28.22 em

ChaDae in trim aft • - ~ )( 45.6

• - 25.52 em
New draught forward. '.60 + 0.076 + 0.282

• 5.~g m
New drautht aft • 6.30 + 0.076 - 0.255

.. 6.121 m

If a number of items are added to the ship at different posi­
Uoos aJona its: lenJtb, the total mass and nett trimming moment
may be used to determine the fina! draughts.

Eumple. A slUp ISO m 1001 has dtaug.bU of 7.70 m forward
aod 8.2.5 m aft. MCI1 em 250 tonne m, TPC26 and LCF 1.8 m
forward of midships. Calculate the DeW draU&hu after the
foUowinl masses have been added:

SO tODI1e, 70 m aft of midships
170 tODI1e, 36 m aft of midships
100 tOQDe., $ III aft of midships
130 toune, 4 III forward of midships
40 tonDC, 63 III forward of midships

\
I

I
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moment moment
Mass DiSWlCe from forward aft

(toDDe) F(m) (tonne m) (tonne m)
SO 71." 3'90

170 37.8A 6426
100 6.8A 680
130 2.2F 286
40 61.2F 2448

Total 490 2734 10696

Wcss moment aft == 10696 - 2734
= 7962 loane m

Chan . . ~
a:e In tnm = 250

"" 31.85 em by the stern

CUns~ in trim forward"" - 311~S (IS: - 1.8)

== - IS.54 em

Change in trim aft ::: + 3i5g~ (~+ l.~
= + 16.31 em

Bodil - !2!!ysm = 26

z 18.8' em

New c1raught forward::: 7.70 + 0.189 - 0.155
= 7.734 m

New draulbt aft "" 8.25 + 0.189 + '0.163
= 8.602 m

DETElMINATI()I\l OF DItAUCiHTS,tJTEJt THE AODmON Of 1.AIl.Gl MASSES

Wbal a lute mass is added to a ship thte resultant increase in
drauaht is suff'JC:ient to cause chan&es in all the hydrostatic
details. It tb:n becomes necessary to cak:u1atc the (mal draughts
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from. first principles. Such a problem exists every time a ship
loads or disebarges the major part of its deadweight.

The underlyioa: principle is that after loading or discharging
the vessel is in equilibrium and hence the (mal centre ofgravity is
in the same vertical line as the final centre of buoyancy.

For any given condition of loaclin& it is possible to calculate
the displacement A and the longitudinal position of the centre
of gravity G relative to midships.

From. the hydrostatic curves or data, the mean drauJht may be
obtained at this displacement, and hence the value of MCn em
and the distance of the LCB and LCF from midshiPi. These
values are calculated for the level keel condition and it is unlikely
that the LCB will be in the same vertical line as G. Thus a
trimming moment acts on the ship. This trimming moment is the
displacement multiplied by the longituc1inal distance between B
and G. known as the trimming lewr.

,'-

~~ :8: ",,]uyu ,,
Fig. 6.2

The trimming moment, divided by the MCTI em, gives the
change in trim from the level keel condition, Le. the total trim of
the vessel. The vessel chanses trim about the LCF and hence it is
possible to calculate the end draughts. When the vessel has
changed trim in this manner, tbe new centre of buoyancy Bl lies
in the same vertical line as G.

Example. A ship 12S m long has a light displacement of 4000
tonne with LCG 1.60 m aft of midships. The following items are
now added:

Cargo 8500 tonne Leg 3.9 m forward of midships
Fuel 1200 tonne Leg 3.1 m aft of midships
Water 200 tonne Leg 7.6 m aft of midships
Stores 100 tonne Leg ~.S m forward of midships.

At 14 000 tonne displacement the mean clraUJht is 7.80 m,
Men em 160 tonne m, LeB 2.00 m forward of midships and
LCF I.S m aft of midships.
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Calculate the (mal draughts.

Item m&$S (I)
Carao 8500
FIleI 1200
Water 200
Stores 100
Liahtweight 4000

Displacement 14 000

Lq(m)
1.9F
3.IA
7.M

la.SF
1.6A

moment
forward
3llSO

10SO

16200

moment
aft

171il
IS20

6400

11640

Excess moateIlt forward - 36 200 - It 640
• 2A S60 tonne: m

LeG from midships -~

• 1.7S4 m forward
LCB from midships • 2.000 m fOl"'NaJ'd

trlmmiJls leYer • 1.754 - 2.000
• 0.246 m aft

trimmiua moment. 14000 x 0.246 tonne m

t
. 14 000 x 0.246
om· 160

"" 21.5 em by the stem

CbaDge in clrauabt forward • - Us' (~+ 1.,)

'" - 11.0 em

21.S 1m
ChanJe in draught aft· + 12S \""2-

• + 10.S em
Drauaht forward. 7.80 - 0.110

- 7.690 m
Drauaht aft • 7.80 + O.IOS

_ 7.9M m

1.5)
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CHANGE IN MEAN DRAUGHT DUE TO
CHANGE IN DENSITY

The displacement of a ship floatina freely at rest is equal to
tM mass of the volume of water wbicb it displaces. For any
aival displacement. the volume of water displaoed must depend
upon the density of the water. When a sbip moves (rom sea
water into river wiler without cban&e in displacement. there is •
IliPt increase in drauaht.

Consider a ship of displacement A tonne. wate:rplane area..4...
m'. "hic:b mc>ve$ from sea water of Qs tlmJ into river waur of p..
tim' without chan&e in displ&cemeDt.

Fi,.6.3

Volume of displacement in sea water

"V s - - m'••
Volume of displacemCllt in river water

"v. __ mJ

••
Chuqe in volume of displacement

v.v.-v s

". -
••

. "
"••

(1- 1.) m'
"., Qs
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This cb.ana:e in volume causes an inaeue in draught. Since the
increase: is small. the watcrplane area may be assumed to remain
constant and the increue in mtan draught may therefore be
found by d.ividiDB tbe change in volume by the waterplane area..

Increase in draught =: AO (1- - .....!\ m,. "It e5)

=: 100 A (es - QR.\an
A.. e. x tis)

The tonne per em immersion for sea water is given by

TPC '" t1:io x es

A" = 100 Tre m2
Q'

SubstitatiD, for A .. in the formula for increase in draualu:

1
. ..a_ .._ _ 100 ll. PS lp, - 91\

nause 1ft loUa.....t - 100 TPC ~el. x Q"J

=~c Man
A particular case occurs when a ship moves from sea water of

1.02S tim' into fresh water of 1.000 t/m3• the TPC being given
in the sea water.

(
1.025 - 1.000\

1.000 )

== 4() TPC em

This is known as the fresh waler allowance. used when
computinc the freeboard of a ship and i$ the difference between
the 5 line and the F line on the freeboard markings.
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Example. A ship of 10000 toone displacement Iw a water­
plane area of 1300 m1• 1be ship loads in water of 1.010 tim) and
moves intO water of 1.026 tim'. Fmd the c:b.aJlIt: in mean
draugIn.

Since the veuel moves into water of a greater density there will
be a reduction in mean draught-

100 x 10 000
llOO

Reduction in mean draught =

-
100 '"

A.
(p5 - 'a \ em
\Q" x Qs)

(
1.026-1.010)
I.OIOx 1.026

- 11." em

When a veud moves from water of one density to water of
a d.ifferent density. there may be a chanae in displacement due
to the con.sumption of fuel and Stores. causin& an additional
ehaDae in mean drauaht. If the vessel moves from sea wue:r into
river water. it is possible in c:ertaiD c::ircumqances for the iDcreasc
in draught due to ehaDae in density to be equal to the reduction
in drau&bt due to the removed mass. In such a cue th~will be
no cbance in mean draught.

Example. 2IS tonne of oil fuel and SlOres are used in a ship
while passin& from sea water of 1.026 tim) into river water of
1.002 tim). If the mean drau&ht remains unchaneed. calCulate
the diSplacement in the river water.

Let b. -= displacement in river water
Then 6. + 215 - displacemeDt in sea water
SiDct the draulht remains WlIltered. the volume of displace­

ment in the river water must be equal to the volume of displace­
ment in the sea water.

'"v" __
Q.

'"·-m'1.C102

v, _ A + 215
Q,

A + 21S )
• 1.026 m
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Hence

.4 .4+215
i:002 - 1.026

1.026 6 :. l.002 A + 1.002 x liS
0.0204 IJ. • 1.002 x 21.5

1.002 x 21S
0.024

- 8976 ~onne

jCHANGE IN TRIM DUE TO CHANGE IN DENSITY

When a ship passes from sea water ioto river water, or vice
versa. willKJut change in: disptaceme:nt. thue- is a change in trim
in addition lO the- cha:nge in mean draught. This change in uim is
always smaIL.

--_.-./' 'b ..... .
: ~Z" It, ZZ?ZIt ZZ~ZZ;;,l:F.'ZitZZ"" It ""g~

FiI·6.4

Coosider a ship of displacement .IJ. lyinJ: at waterline WL in
sea water or density Q. tim!. The oentreor aravity G and the cen·
tre of buoyancy B are in the same vertical line.

If the vessel DOW moves into river water of e_ tim'. there is a
bodily increase in drauJbt and the vessel lies at waterline WILl.
The volume of displacement has been increased by a layer of
volume )I wbose cenue of pvity is at tbe centre of flotation F.
This causes the centre of buoyancy to move from B to B" the
centre of cravity remaining at G.

Volume of displacement in sea water

"V s _ - mJ

••
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Volume of displacement in river water

~m3

••
Change in volume of displacement

= ~ ('e, - e.\ m'
~

Shift in centre of buoyancy

BB_ vxFB
I - v ..

= ~ (~..., -:;-~.",.\ FB x e.
Q.xQS! b

"'" FB Ips - Pi\m
\QS'/

Since B1 is DO loneer in line with G. a moment of b x SBI

aeu OD the ship causing a change in trim by the head.

emChange in trim
_ b X BB,
- MCTI em

= M~f~ (es ~ e~ em by the head

Chanae in trim

Note: If the ship moves from the river water into sea water. it
will chana:e trim by the stem. and.:

= Ii FB (Q5 - g.\ em by the stem
MCTI em ~ ~.. 7

Example. A ship 120 m 10Da: and 9100 tonne displacement
floats at a level keel clraught of 6.50 m in fresh water of
1.000 t/m3• MeTI em 130 tonne m, TPC in sea water 16.5. LCB
2.30 m forward of midships. LCF 0.6 m aft of midships.
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Calculate the new draughts if the vessel moves into sea water
of 1.024 t/m3 without change in displacement.

Reduction in mean drau&ht :: ';C

= 13.24 em

Change in trim :: M~f~ (PI ;. OR)

'" 9100 x (2.30 + 0.60) (1.024 - 1.000\
130 I: 1.000 )

,., 4.87 em by the stem

Change forward = _ 4.87 (120 + 06)120 2 .

"" - 2.46 em

Change aft = - i~7 eiO - 0.6)

"" + 2.41 em.
New draught forward = 6.50 - 0.132 - 0.025

= 6.343 m
New draught aft = 6.50 - 0.132 + 0.024

:: 6.392 m

CHANGE IN MEAN DRAUGHT DUE TO BILGING

BUOYANCY is the upthrust exerted by the water on the ship and
depends upon the volume of water dispIaced by the ship up to
the waterline•

.REsnVE J;UOYANCY is the potential buoyancy of a ship and
depends upon the intact, watenight volume above the waterline.
When a mass is added to a ship, or buoyancy is lost due to bilg·
ing, the reserve buoyancy is converted into buoyancy by increas·
iog the draught. If the loss in buoyancy exceeds the reserve
buoyancy the vessel will sink.
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PoNE.nll J1'Y IlL u the volume of a compartment into wbJcb
water may flow if tbe compartment is laid open to the $ea. CIt­

pressed II a ratio or percentage of the total volume of the
compartment. Thus. if a companment is completely empty. the
penneability is 100 pet cent. The permeability of a macbiDay
spaoe is about 85 per cent and accommodation about 9S per
ceDt. The permeability of a carlO hold varies considerably with
the type. of CI1J'O. but an average value may be taken as 60 per
COllI.

The effects of bilgina; a mid-Ieftllh compartment may be
shown most simply by considering a box buge of length L.
breIldth B and draught d havina a mid-length compartment of
Jeoct.b I. permeability JI. •

.>.J---.--. -----i,- -
'('.......- ./ .......- .......-

_

: ~ 71.-
~.- J--l

Fig.6.S

If this compartment is billed, buoyancy is lost and must be
replac:ed by increasin& tbe drauaht. The yolume of buoyancy lost
is the volume of the compartment up to waterline WL. less the
volume of water excluded by the carlO in the companmau.

Volume of lost buoyancY • p /Bd

This is replaced by the increase in drauaht multiplied by the
area of the mtact part of the waterplane. i.e. tbe area of water­
pla:ae on each side of the bilged cornpanment plus the area of
ClIJIO wbid> proi«U through the watOfl)lane in tbe bilged
compartmell:t.

Aroa of intact waterpIane - (L-I)B + /B(I - .l
- LB-IS + IS - ,JB
- (L - ,J)B
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Increase in draught

TRIM

_ volume of lost buoyancy
- area of intact watcrplane

_ ...JI!L
- L-,.J

III

iii may be regarded as the effective length of the bilged
compartment.

Example. A box barge 30 m long and 8 m beam floats at a
level keel draught of 3 m and has a mid·length compartment 6 m
long. Calculate the new draught if this compartment is bilged:

(a) with • - 1000],
(b) with. = 130],

Ca> Volume of lost buoyancy = 6 x 8 x 3 mJ

Area of intact waterplane = (30 - 6) x 8 m1

. 6 x 8 x 3
Increase In draught.. 24 x 8

= 0.75 m
new draught = 3 + 0.75

= 3.75 m

(b) Volume oflost buoyancy = 0.75 x 6 x 8 x 3 m3

Area of intact waterplane = (30 - 0.75 x 6) x 8 m1

I . <It ugh 0.75 x 6 x 8 x 3
ncrease In a t = 25.5 x 8

- 0.529 m
New draught "" 3 + 0.529

= 3.529 m

fCHANGE IN DRAUGIDS DUE TO BILGING
AN END COMPARTMENT

If a bilged compartment does not lie at the mid·length, then
there is a change in trim in addition to tbe change in mean
draught.
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Consider a box barge of Ien,t.b L. breadth B and draught d
haviDc an empty com.panment of length / at the extreme fore
eD<!.

Ar--'-- , - ---j.-
'(-............ ,-_._.-- ./'" ./'"

, • c.

• ~' • •• f00jVL

•
•

~--'---+-I-~

FI&.6.6

Before billina. the vessel lies at waterline WL. the centre of
aravity G and the centre of buoyancy B lyina in the same vertical
liDo.

Aft.er biJaina: the end compartment, the ves.sc:l lies initially at
watertiDe WILl. The Dew mean drauaJu dl may be cakulated as
sbowa previously amunina that the compartment is amidships.

The volume of lost buoyancy hu been replaeed by a layer
whose centre is at the middle of the lenath L I • This causes the
centre of buoyancy to move aft from B to Blo a distance of !/.
Thus a moment of .6 x BBI aeu Oil. tbe ship causina a con­
sidDable chanae in trim by the bead. The vessel chanps trim
about the cenue of flotation Fwhich is the centroid of the intact
wateJplaDe. i.e. the mid-point of LI.

Trinuning moment:. 0. X BB I

Change in trim "" ~~~ em by the head

,Q, X GM,
MCTI em .. 100 L tonne m

GM, must be calculated for the intact waterplane
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TRIM

where V=: LBd
=: L l Bd1

GML = KBI + B1ML - KG

~•.._.. ~ x ±I 100 L
~emtnm "" A X GML X

SO L /
= GM

L
cm by the head.

[ '114£

115

Example. A box barge 120 m long and 8 m beam floats at an
even keel draught of 3 m and has an empty companment 6 m
long at the extreme fore end. The centre of gravity is 2.8 m
above the keel. Calculate the final draughts if this compartment
is bilged.

1--.__._.- "0- _._._--j

:1}1I122IZ/§t: IZZ z6d=~'
f-.__.__. ll ...._·_._.__+-,~

Fig. 6.7

. 6x8x3
Increase ID mean draught = (120 6) x 8

= 0.158 m

New draught d, = 3.158 m

= 1.579 m

= 342.94 m
OM, = 1.38 + 342.94 - 2.80

= 341.72 m
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~ ....._. hoi_ SO X 120 x 6
~~.. m ...... - 341.72

• 105.3 em by the head

.!QllChaop forward. + 12:0 x

• + 55.3 em

Cbang. aft ~ - 1~lo3 x ~If - 3)
- - ~.Ocm

New drauJht forward :z: 3.158 + 0.553
- 3.711 m

New draught aft _ 3.158 - 0.500
_ 2.658 m
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TEST EXAMPLES 6

111

fl. A ship 125 m long displaces 12 000 tonne. When a mass of
100 tonne is moved1S m from forward to aft there is a c:bana;e in
trim of 65 em by the stem. Calculate:
(a) MCTl em
(b) the iongitudin.aJ metacentric height
(c) the distance moved by the centre of gravity of the ship.

ft. A ship 120 m long floats at drauihts of 5.50 mforward
and. 5.80 m aft; MCTI em 80 tonne m, TPe 13, LCF 2.S m for­
ward of midships. Calculate tbe new draughts when a mass of
110 tonne is added 24 m aft of midships.

13. A ship 130 III 10Da displaces 14 000 'onne when noatin. at
drau&hts 0£7.5O m forward and 8.10 m aft. GML [25 m, TPC
18. LCF 3 m aft of midships.

Calculate the rmal draughts when a mass of 180 tonne lying
40 III aft of mid.ships is removed from the ship.

J4. The <lrau&bts of a ship 90 m long are 5.80 m forward and
6.40 III aft. MCTl em 50 tonne m; TPC 11 and LCF 2 m aft of
midships. Detmnine the point at which a mass of 180 tonne
should be placed so that the after draught remains unaltered,
and calculate tbe fiDal draught forward.

/S. A ship 150 m long floats at drau&bts of 8.20 m forward
aDd 8.90 m aft. MCTI em 260 tOnDt: m, TPC 28 and LCF 1.5 m
aft of midships. It is necessary to brlna the vessel to an even teel
and a double bottom tank 60 m forward of midships is
available.

Calculate the mass of water required and the rmaJ draught.

/6. A ship whose length is 110 m bas MCTI em 55 tonne m;
TPC 9; LCF 1.S m forward of midships and floats at drauahu
of 4.20 m forward and 4.45 m aft.

Calculate tbf: new draughu after the followina masses have
been added.

20 tonne 4() m aft of midships
50 tonne 23 m aft of midships
30 tonne 2 m ait of midships
70 tonne 6 m forward of midships
15 IODUe 30 m forward of midships.
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fl. The draughts of a ship 170 m lon.. are 6.85 m forward and
7.SO m aft. Mcrl em 300 tonne m; TPC 28; LCF 3.5 m for­
ward of midships.

CakulMe the DeW draughts after the following changes in
loadiDI have taken place:

160 toDDe added 63 m aft of midships
200 tonne added 27 m forward of midships
120 lODDC' ranoved 75 m aft or midships
70 tOODe removed 16 m aft of mid$hips.

/8. A ship 80 m lona has a light displacement of IOSO tonne
and LeG 4.64 m aft of midships.

The foUowina items are then added:
CarlO 2150 tonne, Leg 4.71 m forward of midships
FUel 80 tonne. Lq; 32.$S m aft of midships
WIteJ 15 tonne. Lq 32.90 m aft of midships
Stores 5 tonne, Leg 33.60 m forward of midships.
The foUowina hydrostatic particulars are available.

LCB from LCF frOID
Dtaush' DispIacomeo, MCTI em midships JDid'hipl

m toone tonne m m m
l.OO ll33 43.10 1.00F I.27A
4.l0 ll72 41.26 I.24F O.84A

Calculate the final drauahu of the loaded vessel.

9. A ship of IS 000 tonne displacement bas a watc:rplanc area
of 1950 at2. It is loaded in river water of 1.005 t/mJ and pr~

oeeds to sea where the clensity is 1.022 t/m3•

Calculate the change in mean draucbt.

10. A ship of 7(01) totme displacement bas a waterplanc area
of )500 IV. In pas.sina from sea water into river wate:r of
1005 q/m' there is an increase in drausht of 10 em. Fwd the
density of the sea water.

11. The; ordUwes of the waterp1aoC' of a ship of 8200 tOMe
ciisplacftnem. 90 m lona. are 0, 2.61. 3.68. 4.74. S.84. 7.00,
7.30.6.47.5.35.4.26.3.16. 1.88 aDd 0 m respectively. It floats
in sea water of 1.024 11m3• Calculate:
(aJ TPC
(b) IDI.S$ oecessary to increase the: mean dral)lhl by 12 an
(e) chan&e in lDC'IIl dra\llht when movina intO water of

1.005 tim'.

\
•
!
\
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12. A ship consumes 360 tonne of fuel. stores and water when
movinl from sea water of 1.025 tim' intO fresh water of
1.000 tim' and 00 arrival it is found tbat the draught has re­
mained COnstanl.

Cak:u1ate the displacement in the sea water.

jll. A ship 90 m lone displaces 5200 tonne and floats at
drauchts of 4.95 m forward and '.35 m aft when in sea water of
1023 kg/mJ • The waterplane area is 1100 ml , GML 95 m. LCB
0.6 m forward of midsbJps and LCF 2.2 m aft of midi.hips.

Calculate the Dew draulhts when the vessel moves into fresh
water of 1002 k&lat'.

114. A ship of 22 000 tonne displacement is 160 m 10Di.
MeT! em 280 lonne m, waterplane area 3060 m2• centre of
buoyancy I m aft of midships and centre of notation 4 m aft of
midships. It floats in water of 1.007 tIm' at draupts of 8.1S m
forward and 8.75 m aft.

Calculate the new draughts if the vessel moves into sea water
of 1.026 t/ml .

15. A box barec 60 m long and 10 m wide floats at an even
ked drau&ht of 4 m. It has a compartment amidships 12 m long.

Calculate the new drauJbt if this compartment is laid open to
the sea when:

(a) Jl is 100'7.
(b) Po is 8507,
(c) p is 6O'io.

16. A box buge 50 m lona and 8 m wide floats at a draught of
3 m and bas a mid-1enath companmeot 9 m lona containing coal
(rd 1.28) which Stows at 1.22 m)It.

Calculate the new draulht if this compartment is billed.

17. A vessel of constant rectangular cross-section is 60 m
long, 12 m beam and floats at a draught of 4.5 m. It has a mid­
length compartment 9 m long which extends ript across the
ship and up to tbe deck, but is sub-divided by a horizontal water·
tiJbt flat 3 m above the keel.

Find the new draught if this compartment is bilged:

(a) below the flat
(b) above the flat.
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18. A box barar 2S m lona and 4 m wide 00aLs ill fresb water
at a draqht of 1.2 m and bas an empty mid-Iencth compart­
ment S m lema. The bottom of the barJe is lined with teat (rd
O.80S> 120 mm thick. After grounding all the teak is torn off and
the centre compartmellt laid open to the 5ea. Calculate the fmai
drau&ht.

f19. A box barJe 100 m1001. 12 m beam and 4 mdrauJht has
• compartment at. the extreme fore end 8 m 10DII. sub-divided by
• borizoot&1 wa.tati&bt fl&C 2 m above the keel. The centre of
r;ravity is 3 m above the ked.

Cakulate the end draughts if the compartrDeDt is biJaed.
(a> at the flat. water flowine into both compartments
(b) below the flat
(c) above the flat.
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CHAPTER 7

RESISTANCE

When a ship moves through the water at any speed, a force or
resistance is exened by the water on the ship. The ship must
therefore exert an equal thrust to overcome the resistance and
travel at that speed. If, for example, the resistance of the water
on the ship at 17 knots is 800 kN. and the ship provides a thrust
of 800 kN. then the vessel will travel at 17 knots.

The total resistance or tow-rope resistance R, of a ship may be
divided into two main sections:

(a) frictional resistance R,
(b) residuary resistances R,

Hence

FRICTIONAL RESISTA.NCE R,

As the ship moves through the water. friction between the hull
and the water causes a belt of eddying water adjacent to the hull
to be drawn along with the ship, although at a reduced speed.
The belt QlOves aft and new particles of water are continually set
in motion. the force required to produce this motion being
provided by the ship.

The frictional resistance of a ship depends upon:
(i) the speed of the ship

(il) the wetted surface area
(iii) the length of the ship
(iv) the roughness of the hull
(v) the density of the water.

Wm Froude developed the formula:

R, =IS JIlr N

where I is a coefficient which depends upon the length of the
ship L. the roughness of the hull and the density of the water

S is the wetted surface area in m2

V is the ship speed in knots
n is an index of about 1.825
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Tbe value: of f for a mild steel hull in sea water is given by:

f = 0.417 + L 0~77i.862

Thus f is ree.uccd as the leqth of the ship is increased.
In a sklw or medium-speed ship the frictional resistance forms

the major part of the total resisu:nce, and may be as much as
75'" of R,. The impol'taDOe of surface roughness may be seen
wbe:D a ship is badly fouled with marine growth or heavily
conoded, wbcD lbe speed of the ship may be considerably
redooed.

I mot "" 1.852 kmIb

Example. A ship whose wetted surface area is 51S0 mJ travels
at 15 knots. Calculate the frictional resistance and the power
required to overcome this resistance.

f • 0.422, n = 1.825
RJ • f S ..

... 0.422 x 5150 x ISI.·~

• 303700 N
Power • R, (N) x v (m/s)

=- 303700 x 15 x ~: w
:= 2344 kW

Example. A plate drawn throup f~ water at 3 mls has a
frictional resistance of 12 N/m2•

Estimate the power required to overcome the frictional resis­
tance of a ship at 12 Icnou if the wetted surface area is 3300 m1

ud the index of speed is 1-9.

12 knots. 12 x~

• 6.175 mls
At 3 mls R, = 12 x 3300

= 39600 N in FW
• 39600 x 1.025 N in SW

At 12 knots R, = 39600 x 1.025 x (6.1
3
75) l.t

= 160000 N
Power lit 160 000 x 6.175

• 988000 W
- 988.0 kW
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REswuAll.Y RESISTANCES R,

USISTANCE 123

The residuary resistances of a ship may be divided into:
(i) Resistance caused by the formation of sueamUnes round the
ship, i.e. due to the change in the direction of the water. If the
water changes direction abruptly, such as round a box barge, the
resistance may be considerable, but in modem, well-designed
ships should be very small.
(ii) Eddy resistance caused by sudden changes in form. This
resistance will be small in a ship where careful attention is paid
to detaIl. The eddy resistance due to fitting rectangular stern­
frame and single plate rudder may be as much as SOJa of the total
resistance of the ship. By streamljning the sternframe and frtting
a double plate rudder, eddy resistance is. practically nqUgible.
(ui) Resistance caused by the formation of waves as the ship
passes through the water. In slow or medium-speed ships the
wavemaking resistance is small compared with the frictional
resistance. At high speeds, however, the wavemaking resistance
is considerably increased and may be 50~ or 60'1. of tbe total
resistance.

Several atlenlpts have been made to reduce the wave making
resistance of ships, with varying degrees of success. One method
which has proved to be successful is the use of the bulbous bow.
The wave produced by the bulb interferes with the wave pro­
du= by tbe stem, resulting in a reduced height of bow wave
and consequent reduction in the energy required to produce the
wave.

The relation between the frictional resistance and the
residuary resistances is shown in Fig. 7.1.

SKI'
tESISlAHCt

SH" SfUO v

Fig. 7.1
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Residuary Resistances follow Froude's Law of Comparison:

The residUilry resistances ofsimi/or ships are in the ratio ofthe
cube of their linear dimensions if their speeds are in the ratio of
the square root of their linear dimensions.

Thus R'l (f;Y if VI VIi.
R,z

:: V1 :: L2

R,l 6l if
VI (:~Jor R,z :: 61
V

1
::

VI and V1 are termed corresponding speeds.
Thus at corresponding speeds:

.fr is known as the speed-length ratio.

It may therefore be seen that at corresponding speeds the
wave-making characteristics of similar ships are the same. At
high speeds the speed-length ratio is high and the wavemaking
resistance is large. To give the same wavemaking characteristics,
the corresponding speed of a much smaller, similar ship will be
greatly reduced and may not be what is popularly regarded to be
a high speed.. A ship is therefore considered slow or fast in rela­
tion to its speed-length ratio.

IfJ is below 1.0 the ship is said t;be slow (V in kno~s: L
mm)

IfJ is above 1.Sthe ship is said to be fast.

Thus a speed of 15 knots would be regarded as slow for a ship
225 m long, but fast for a ship 100 m long.

Example. The residuary resistance of a model 7 m long is 20 N
when towed at 3t knots.
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Calculate the power required to overcome the residuary
resistance of a similar ship 140 m 10Dg at its corresponding
speed.

=3.S~

= 15.65 knots.

= 20 (1~j3

= 160 000 N

Power = R, x v

160 000 x 15.65 x ~~

= 1288 kW

The calculatiOD of residuary resistance is usually based on tbe
results of. model experiments. A wax model of the sbip is towed
at its corresponding speed in a towing tank and the total
resistance of the model measured. The frictional resistance of
the model is calculated and subtracted from tbe total resistance,
leaving the residuary resistance. The residuary resistance of the
mode! is then used to determine the residuary resistance of the
ship.

Once the total resistance of the ship is known it is possible to
determine the power required to overcome this resistance. This is
known as the effective power (ep) of tbe ship.

The model is tested without appendages such as rudder and
bilge keels. An allowance must therefore be made for these
appendages and also the sencra1 disturbance of the water at sea
compared with tank conditions. This allowance is known as the
ship correkztion fllClOT (SeF).
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The power obtained directly from the model testS is known as
the efj«tiw power (1U1lctd) (epJ. The true effective power is the
ep. multiplied by-the ship correlation factor.

Example. A 6 m model of a ship has a wetted surface area of
8 m1 • When towed at a speed of 3 knots in fresh water the total
resistance is found to be 38 N.

If the ship is 130 m long, calculate the effective power at the
correspoDdiog speed.

Take n = 1.825 and cakulate j from the formula. SCf 1.15

Model

Ship

R, :: 38 N in fresh water
:: 38 x 1.025
= 38.95 N in sea water

0.773
f:: 0.417 + L + 2.862

= 0.417 + ~:~i

:: 0.504
RJ = 0.504 x 8 x 31.w

:: 29.94 N
Rr = R, - R,

= 38.95 - 29.94
= 9.01 N

Rra L'

X (
1306~,R, = 9.01 J

:: 91 600 N
Sa L2

:: 3755 m2
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Effective power

Va {l

V = 3 VJi!-
:: 13.96 knots

0.773
f :: 0.417 + 132.862

= 0.422-8
Rj = 0.4228 x 3755 x 13.961·m

:: 195000
R, = 195 000 + 91 600

= 286600 N

1852
ep~ :: 286 600 x 13.96 x 3600

:: 2059 kW
ep :: 2059 x 1.15

= 2368 kW

ADMIRALTY COEFFICIENT

It is sometimes necessary to obtain an approximation to the
power of a ship without resorting to model experiments. and
several methods are available. One system which has been in use
for several years is the Admiralty Coefficient method. This is
based on the assumption that for small variations in speed the
total resistance may be expressed in the form:

Rt a eSJIl'

It was seen earlier that

S cr .td

Hence with constant density
R, a A t VA

But power cr R. X V
cr At V"+I

or
,61 Y'+l

power :: a coefficient

The coefficient is known as the Admiralty Coefficient.
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Originally this method was used to determine the power
supplied by the engine. Since types of machinery vary consider­
ably it is now considered tbat the relation between displacement,
speed and shaft power (sp) is of more practical value.

MOSt merchant ships may be classed as slow or medium­
speed, and for such vessels the index n may be takm as 2. Thus

Admiralty Coefficient C = A j JI'
sp

where A "" displacement in tonne
V:: ship speed in knOts

sp = shaft power in kW

The Admiralty Coefficient may be regarded as constant for
similar ships at their corresponding speeds. Values of C vary
between about 350 and 600 for different ships, the higher values
indicating more efficient ships.

For small changes in speed, the value of C may be regarded as
constant for any ship at constant displacement.

At corresponding speeds Va
Y'a
sp a

a
a

Ai
.o.i
.0. t V3
A! x .0. ~

.o.t

i.e.

Thus if tbe shaft power of one ship"is known, the shaft power
for a similar ship may be obtained at the corresponding speed.

Example. A ship of 14000 tonne displacement has an
Admiralty Coefficient of 450.

Calculate tbe shaft power required at 16 knots.

ld JI3
sp == C

14 000i x 163
::

450

== 5286 kW

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



129

Example. A ship of lS 000 tonne displacement requires
3500 kW at a panieular speed.

Calculate tbe sbaft power required by a similar ship of 18 000
tonne displacement at its corresponding speed.

sp Q' AI

sp - 3500 x (
18 (00) l
1S 000

- 4330 kW

The index of speed n for high speed ships may be considerably
more lhan 2 aDd thus the shaft power may vary as the speed to
some index gruter than 3 (c.g. 4). This hiper index, however, is
only applicable within the high speed range.

i.e.
,p, (v, \.
SP2::: TlJ

where botb VI and V1 are within the bigh speed ranee.

Example. A ship travelling at 20 knots requires 12 000 kW
shaft power.

Calculate the shaft power at 22 knots if, within this speed
range, the index of speed is 4.

X (~).
"" - 12 000 \~

= 17 570 kW

FUEL COEffiCIENT AND FUEL CONSUMPTION

The fuel consumption of a ship depends upon the power de­
veloped. indeed tbe overall efficiency of power plant is often
measured in terms of the specific Jutl consumption which is the
consumption per unit of power, expressed in kg/h. Efficient
di~1 engines may have a specifIC fuel consumption or about
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0.20 kglkW h. while that for a steam turbine may be about
0.30 tgltW h. The specific fuel consumption of a ship at
different speeds follows the form shown in Fig. 7.2.

----+--==---+---+---~--:::;;.------
i

v,

or

YIg.7.2

Between VI and V: the spcc:ific consumption may be regarded
as constant for pract.ical purposes, and if the ship speed varies
only between these limits. then:

Fuel consumption/unit time Q power developed
asp

and since sp a A ~ VJ
Fuel consumption/unit time a A i Yl

1 . Id ""iJl'lFue consumption ay = fuel coefficient tonne

Values of fuel coefficient vary between about 40 000 and
120 000. the higher values indicating more efficient ships.

Example. TM fuel coefficient of a ship of 14 000 tonne dis­
placement is 75 000. Calculate the fud consumption per day if
the vesscI travels at 12t knots.

F,..J ti' cia 14 ()()()i x 12.53

Ut;J consump on per y = 7S 000

= 15.12 tonne

If the displacement and fuel coefficient remain constant, i.e.
between VI and V2 Fig. 7.2:

Fuel consumption/unit time a speedJ

Hence ~ = (VI))
CODS2 l';
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Example. A ship uses 20 tonne of fuel per clay at 13 knots.
Calculate the daily consumption at 11 knots.

New daily consumption = 20 x (~y

::: 12.11 tonne..

The total fuel consumption for any voyage may be found by
multiplying the daily consumption by the number of days
required to complete the voyage.

lf D is the distance travelled at V knots. then:

Number of days a !f

. '. total voyage coasumption a V3 x :;

a y:. D

i.e. voy. CODS! = (V1)1 X D.
voy. COnsl Vi 15;

Hence for any given distance travelled the voyage consumption
varies as .the speed squared.

Example. A vessel uses 125 tonne of fuel on a voyage wben
traVdliug at 16 knots. CalculaIe the mass of fuel saved if. on the
return voyage. the speed is reduced to IS knots, the displacement
of the ship remaining constant.

New voyqe consumption = 125 (MY
= 110 tonne

.'. Saving in fuel = 125 - 110
z: IS tonne
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A Jeneral expression for voyage consumption is:

ncwvoy.cons. (new disp!.\; x (new Speed)'
old voy. cons. - \Old displ.) \old speed x

new din.
old din.

AD of the above calculations are based on the a.uumption lhat
the ship speed lies between VI and V: Fig. 7.2. If tbe speed is
mluced to VJ • however. the specific consumption may be
increased by x'1a. In this case tbe daily consumption and voyage
consumption are also increased by xO'/o.

Example. A ship has a daily fuel consumption of 30 tonne at
15 knots. The speed is reduced to 12 knots and at this speed tbe
consumption per unit power is 80'/0 more than at 15 knots.
~culate tbe new consumption per day.

X (~)'New daily consumption .... 1.08 x 30 loJ

.... 16.6 toone

It should be noted that if a formula for fuel consumption is
given in any question. the formula must be used. for tbe complete
question.
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1. A ship has a wetted surface area of 3200 ml . Calculate the
power required to overcome frictional resistance at 17 knots if
n = 1.825 and f = 0.424.

2. A plate towed edgewise in sea water has a resistance of
13 N/m! at 3 m/s.

A ship travels at 15 knots and has a wetted surface area of
3800 m2

• If the frictional resistance varies as speedl.97 calculate
the power required to overcome frictional resistance.

3. The frictional resistance per square metre of a ship is 12 N
at 180 mlmin. The ship has a wetted surface area of 4000 m2

and travels at 14 knots. Frictional resistance varies as speedl.9. If
frictional resistance is 70070 of the total resistance, calculate the
effective power.

4. A ship is 125 m long, 16 m beam and floats at a draught of
7.8 m. Its block coefficient is 0.72. Calculate the power required
to overcome frictional resistance at 17.5 knots if n = 1.825 and
f = 0.423. Use Taylor's formula for wetted surface, with
c ... 2.55.

5. The residuary resistance ofa one-twentieth scale model of a
ship in Sea. water is 36 N when towed at 3 knots. Calculate the
residuary resistance of the ship at its corresponding speed and
the power required to overcome residuary resistance at this
speed.

6. A ship of 14 000 tonne displacement has a residuary
resistance of 113 kN at 16 knots. Calculate the corresponding
speed of a similar ship of 24 000 tonne displacement and the
residuary resistance at this speed.

.f7, The frictional resistance of a ship in fresh water at 3 m/s is
11 N/ml • The ship has a wetted surface area of 2500 m! and the
frictional resistance is 72OJo of the total resistance and varies as
speedl.t2. If the effective power is 1100 kW, calculate the speed
of the ship.

}8. A 6 m model of a ship has a wetted surface area of 7 m!,
and when towed in fresh water at 3 knots, bas a total resistance
of 35 N. Calculate the effective power of the ship, 120 m long,
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at its corresponding speed.
n = 1.82S:jfrom formula: SCF "" LIS.

9. A ship of 12 000 tonne displacement bas an Admiralty
Coefficicm of SSO. Calculate the shaft power at 16 knots.

10. A ship requires a shaft power of 2800 kWat 14 knots. and
the Admiralty CoeffIcient is 520. Calculate:

<a) the dispJacemem
(b) the sbaft POWcf if the speed is reduc:cd by 15.,..

11. A ship of 8000 tonne displacement bas an Admiralty
Coefficient of 470. Calculate its speed if the sbaft power
provided is 2100 kW.

/12. A ship ISO m 10Dg and 19 m beam floats at a draught of
8 m and has a block coefficient of 0.68.

(a) If the Admiralty Coefficient is 600, c:alcu1ate the shaft power
required at 18 knots.
(b) If the speed is DOW increased to 21 koots, and within UDs
speed range resistance varies as speed', find the new shaft power.

13. A ship of IS 000 tonne displacement has a fuel coefficient
of 62 500. CaIcuJate"the fuel consumption per day at 14t knots.

14. A ship of 9000 tonne displacement bas a fuel coefficient of
053 0500. Calculate the speed at which it must travel to use 2S
tonne of fuel per day.

IS. A ship traVels 2000 nautical miles at 16 knots and retums
with the same displacement at 14 knots. Fmd the saving in fuel
on the return voyage if the consumption per day at 16 knots is 2S
tonne.

16. The daily fuel coDSUIllPtion of a ship at 15 knots is 40
tonne. 1100 nautical miles from port it is found that the bunkers
are reduced to liS tonne. If the ship reacbes port with 20. toone
of fuel on board, calculate the reduced speed and the time taken
in hours to complete the voyase.

17. A ship uses 23 tonne of fuel per day at 14 knotS. Cakulate
the speed if the consumption per day is:

f

I
i
.-
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(a) increased by 15'10
(b) reduced by 12'112
(c) reduced to 18 tonne.

18. The normal speed of a ship is 14 knots and the fuel
consumption per bour is given by 0.12 + 0.001 JI3 tonne, with V
in knots. Calculate:
<a) the t~tal fuel consumption over a voyage of 1700 nautical
miles .
(b) the speed at which tbe vessel must travel to save 10 tonne of
fuel per day.

19. A ship's speed is increased by lOll'/t above normal for eight
hours. reduced by 10'10 below normal f~r 10 hours and for the
remainina six hours of the day tbe speed is normal. Calculate the
percentage variation in fuel cODsumption in tbat day from
normal.

20. A ship's speed was 18 knotS. A reduction of 3.5 knots
gave a saving in fuel consumption of 22 tonne per day. Calculate
the consumption per day at 18 knots .

./21. The daily fuel conSumption of a ship at 17 bots is 42
tonne. Calculate the Speed of the ship if the consumption is re·
duced to 28 tonne per day. and the specific consumption at the
reduced speed is 18'lv more than at 17 mots.
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PROPELLERS
The after side of a marine propeller is the driving race and is

in the form of a helical screw. This screw is fonned by a number
of blades. from rbree to seven, set at an angle to the plane of
rotation.

DIAM£'IU D The diameter of the proptller is the di&meter of the
circle or disc cut out by the blade tips.

PrrcH P If the propeIltt is assume4 to work in an unyielding
fluid, then in one revolution of the shaft the propellcr will move
forward a distance which is known as the pitch.

PITCH RATIO P, or face pitch ratio is the face pitch divided by the
diameter. Thus

p
p = 15

THEOlfT1CALSPEED VTis the distance the propeller would advance
in unit time if working in an unyielding fluid. Thus if the
propeller turns at N rev/min,

VT = P x N rnImin
pxNx6/J

"" 1852 knots

APPAnNT SLIP Since the propeller works in water, the ship speed
VwiU connally be less than the theoretical speed. The difference
between the two speeds is known as the apparent slip and is
usually expressed as a ratio or percentage of the theoretical
<o«d.

Apparent mp speed "" Vr - V knoo
Vr - VApparent slip "" V

r
x lOOtJ..

H the ship speed is measured relative to the surrounding
water, i.e. by means of a log line, the theoretical speed will
invariably exceed the ship speed, living a positive apparent slip.
If, however, the ship speed is measured relative to the land, then
any movement of water will affect the apparent slip, and should
the vcnel be travelliIlJ in a foUowiq current the ship speed may
exceed the theoretical speed, resultina: in a MgG/iw apparent
slip.
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WAKE In its passage through the water the ship sets in motion
particles of water in its neighbourhood, caused, as mentioned
earlier, by friction between the hull and the water. This moving
water is known as the wake and is important in propeller calcula·
tions since the propeller works in wake water. The speed of the
ship relative to the wake is termed the SPEED OF ADVANCE V~. The
wake speed is often expressed as a fraction of the ship speed.

Wake fraction w = V V V.

The wake fraction may be obtained approximately from the
expression

w = O.5Cb. - 0.05

where Cb is the block coefficient.

REAL SUP or TRUE SLIP is the difference between the theoretical
speed and the speed of advance, expressed as a ratio or
percentage of the theoretical speed.

Real slip speed ::: VT V. knots

Real slip ::: ~V"T~~VQ X 100070
VT

The real slip is always positive and is independent of current.

Example. A propeller of 4.5 m pitch turns at 120 rev/min and
drives the ship at 15.5 knots. If the wake fraction is 0.30
calculate the apparent slip and the real slip.

Th 'cal peed V 4.5 x 120 x 60eoretl. s r = 1852
= 17.49 knots.

Apparent slip = 17.4~7.491S.S x 100

::: 11.38010

Wake fraction w ::: V - Vg

V

.. wV::: V- V.
V. : V - wV

: V(l - w)
= 15.5 x 0,7
= 10.85 knots
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Real slip ... 17.4~7~4910.8S x 100

"" 37.96'10

The relation between tbe different speeds may be shown
clearly by the following line dia,ram.

EGATlVE
APPARENT

SUP •------1,,,,--_.-,

THeORETICAL SPEED vT

APPARENT

SHIP SPEED V SUP

Vt- V

WN:.E9&ED

v-v.
SPEED OFAOVANCE V.

N
~SUP

V, V. I-
SHIP SPEED INClUDING CURRENT

-~ - -.------ ---..,..:.._- ---------_._--------

Fig. 8.1

PROJ£CTED AlEAA,. is the sum of the blade areas projected on to a
plane which is· perpendicular to the axis of the screw.

O!V!I.OP!D AP.EA is the actual area of tbe driving faces
(a) clear of the boss Ail'
(b) incJudina the boss areaA.

llAD! Al£A lAno BAR is the developed area excluding boss
divided by the area of the circle cut out by the blade tips

BAJl, • .dL
f1>'

DISC AUA RATIO DAR is the devdoped area including boss
divided by the area of the circle cu.t out by the blade tips

DAJl, • At...
f1>'
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THRUST

139

The thrust exerted by a propeller may be calculated approxi­
mately by regarding the propeller as a reaction machine. Water
is received into the propeller disc at the speed of advance and
projected aft at the theoretical speed.

Consider a time interval of one second.

Let A = effective disc area in m2

= disc area - boss area
e = density of water in kg/m3

P = pitch of propeller in m
n = rev/s

VQ = speed of advance in m/s

Mass of water passing through disc in one second.

M=12 APnkg

Change in velocity"" Pn - v. m/s

Since this change occurs in one second,

Acceleration a "" Pn

But

and

real slip s = Pn - '.
Pn

Pn - VQ = sPn
a ~ sPn

Force = mass x acceleration

Thrust T = M x a
~ QAPn x sPn
~ eAPlnzs N

It is interesting to note that increased slip leads to increased
thrust and that the propeller will not exert a thrust with zero slip.
The power produced by the propeller is known as tbe thrust
power tp.

tp = thrust (N) x speed of
advance (m/s) W
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H....,.

=Tx\I.W

!p'1 "" L....!::&l
tP2: T1 \I..:

If the power remains constant, but the external conditions
vary, then

aDd since the speed of advance depends upon rev/min,

Now the thrust is absorbed by the thrust collars and hence: the
thrust varies directly as the pressure I on the thrust collars.

This indicates that if. with constant power, the sbip meets a
head wind, the speed will reduce but the pressure on the thrust
collars will increase.

Example. The tp of. ship is 2000 kW and the pressure OD the
thrust 20 bar at 120 rev/min.

CaIaollte the pressure on the thrwt when the tp is 1800 kW at.
9S rev/min.

20 x 120 = I; x 9S
2000 1800

1800 x 20 x 120
2000 x 95

= 22."4 bar

RELAnON BETWEEN POWERS

::~,-----'~ " ]
"

Fig. 8.2
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The power produced by the engine is 1M indicated power ip.
The mechanical efficiency of the engine is usually between about
8()Ch and 9O"l. and therefore only this percentage of the ip is
tra.r'lSmitted to the shaft, giving the shan power sp or brake
power bp.

sp or bp = ip x mechanical efficiency

Shaft losses vary between about 3% and 5tJ'o and therefore the
power delivered to the propeUer. the delivered power dp, is
almost 95'" of the sp.

dp = sp x transmission efficiency

The delivered power may be cakulated.from the torque on the
sbaft

dp = torque x 2r1l

The propeller bas an efficiency of 60'1. to 70-70 and hence the
thrust power tp is given by:

tp = dp x propeJler efficiency

The action of the propeller in accelerating the water creates a
suaioo aD the after end of Lbe ship. The thrust exerted by the
propelk:r must exceed the total resistance by this amouDt. The
relation between thrust and resistance may be expressed in
the form

R, .. T{l-l)

where I is the thrust deduction factor.
The thrust power will therefore differ from the effective

power. The ratio of ep to tp is known as the bull efficiency which
is a little more than unity for single screw ships and about unity
for twin screw ships.

ep *' tp x hull efficiency

In an attempt to estimate the power required by !.be machinery
from the caku1ation of ep, a quasi propulsive coefficient QPC is
introduced. This is the ratio of ep to dp and obviates the use of
hull efflCic:acy and propeller emciency. The prefiX quui is used
to show that the mechanical efflciency of the machinery and the
transmission k>sses ha~ not been taken into account.

ep~dpxQPC
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The uuc propWsivt coemcitnt is the relatioa between the ep
and the 4>. a1tbouab in many cues sp is used in place of ip

i.e.
0'

ep ". ip x propulsive coefflCient
ep == sp x propulsive coefflCieDl

Example. 'The toca.I te$istaDoe of. ship at 13 knots is 180 kN.
the QPC is 0.70, .baft losses ''9'. and the mechanieal efficiency
of the mac:bjnery 87'11.

Calculate the indicated .......

ep=R,xv

sl80Xl(I'XJlX~W

= 1204 kW

dp=~

U!!!
s 0.7

s 1720 kW

_ dp
sP - transmission efflCiency

1720
-0.95

- 1810 kW

. lD
Jp • mechanical effieimcy

1810
• 0.87

indicated powtt • 2080 kW
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MEASUREME1'IT OF PITCH

trthe propeller is assumed to have DO forward motion. then a
point on the blade, distance Rfrom the centre of boss will move
a distance of 2rR in onc revolution. If the propeller is now
assumed to work in an unyielding fluid, then in one revolution it
will advance a distance of P, the pitch. The pitch anale 8 may be
defined as

P
lanS z: hR

Pitch'"" tan 8 x 2rR

••

".
I
I

.1.-'-- -.::.
~_-L.---j

Fig. 8.3

The pitch of 8. propeller may be measured without fe-movios:
the propeller from tbc ship, by means of a simple instrument
known as a pitcbometef. One form of this i.nstrument consists of
a protractor with an adjustable arm. The f&Oe of tbe boss is used
as a datum. and a spirit level is set horizontal when the pitcho­
meter is set On tbe d&tum. The instrument is then set on the
propeller blade at tbe required distance from the boss and the
arm. containinz the level m01Jed until it is horizontal. a readina
of pitch anak or pitch may then be read from the protractor at
til< required radius (FiJ. 8.4).
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rig. 8."

An alternative method is to turn the propeller until one blade
is horizontal. A weighted cord is draped over the blade at any
given radius as shown in Fi&. 8.5 .

•

Fig. 8.'
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A batten is placed horizontally at the lower edge of the blade
with the aid of a spirit level. The distances AB and Be are then
measured. e is the pitch angle. and

But

tan 8 ::: ~

Pitch =: tan 8 x 2'JrR

Pitch ::::: ~ X 2-cR

CAVITATION

The thrust of a propeller varies approximately as the square of
the revolutions. Thus as the speed of rotation is increased there
is a considerable increase in tbrust. The distribution of pressure
due to thrust over the blade section is approximately as shown in
Fig. 8.6.

~~ "".LIll4---------+
~~

BLADE SECTION

PRESSURE

Fig. 8.6

The net pressure at any point on the back of the blade is the
algebraic sum of the atmospheric pressure, water pressure and
negative pressure or suction caused by the thrust. When this sue·
tion is high at any point, the net pressure may fall below the
vapour pressure of the water at water temperature. causing a
cavity or bubble to form on the blade. This cavity is filled with
water vapour and with air which disassociates from the sea
water. As the blade turns, the bubble moves across the blade to a
point where the net pressure is higher, causing the cavity to
collapse. The fonning and collapsing of these cavities is known
as cavitation.
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When the cavity collapses, the water pouQds the blade
material, and siDce the breakdown occ:urs at the same pOSition
caeb time. causes severe erosion of the blades IDd may produce
boles in the blade material several m.m deep. Cavitation also
causes reduction in thrust and cffteieDcy, vibruiou and noise. It
may be reduced or avoided by mtu.ciD& the revolutions and by
increasina the blade area for constant thrun, thus reduc:inl the
negative pressure. Since cavitation is affected by pressure and
temperature. it is more likely to occur in propellers operatiq
near tbt surface tban .in those deeply su.bmerged, aDd will occur
more readily in the uopic:s than in cold regions.
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TEST EXAMPLES 8

141

1. A sbJp navels at 14 knots wben the propeller, S m pitch,
tnros at lOS rev/min. If the wake fraction is 0.3S, cak:ulate the
_ llDd ouI slip.

2. A propeller of 5.S m diameter has a pitch ratio of 0.8.
When lumina at 120 rev/min. the wake fraction is found to M
0.32 and the real slip 3S.,..

Caleu1aJ:e the ship speed. speed of advance and appuent slip.

3. A ship of 12 400 tonne displacement is 120 m 10DZ. 17.S m
beam and floats at a draught of 7.S m. The propeUer has a face
pitch ratio of 0.7S and. wbco tumina &1100 rev/min. produces a
ship speed of 12 knots with a real slip of JOe;,. Ca.1cu.late tbe
apparent slip. pitch and diameter of the propener. The wake
fraction w may be: found from the expression:

w = o.se. - O.OS

j4. When a propeller of 4.8 m pilCh turns at ItO rev/min, the
apparent slip is found to be - s'Tt and the real slip + 1.S$'7o. If
the wake speed is 2S0J0 of the ship speed, calculate the ship
speed, tbe apparent slip and the real slip.

/5. A propeller 4.6 m diameter has a pitch of 4.3 m and boss
diameter of 0.75 m. The real slip is 28'10 at 95 rev/min.

Calculate the speed of advance, thrust and thrust power.

6. The pressure acned on the thrust is 17.S b &1 115 rev/min.
Calculate the thrust pressure at 90 rev/min.

7. The power required to drive a ship at a aiven speed was
3400 kW and the pressure on the thrust 19.5 b.

Calcu1ate the new tlm1$t pressure if the speed is reduced. by
12' and the corresPOndina: power is 2900 kW.

18. A ship of 15 000 tonne displacement has an Admiralty
Coefficient. based on shaft power. of 420. The mechanical
dfKiency of the machinery is 83.,.. shaft losses 6C1N. propeller
efflCicDcy 65'" and QPC 0.71. At a particular speed the thrust
power is 2S50kW.
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Calculate: (a) indicated power,
(b) cCfcctive poWcf,
(e) ship speed.

19. A propeller of 4 m pitch has an efficiency of 6''''. When
tumina at 123 rev/min tbe real slip is 36'lt and the delivered
power 2800 kW.
CalCII1lte the thrust of the propeller.

10. The pitch aug!e, measured at a distanoe of 2 m from the
centre of the boss. was found to be 21.5°.

Calculate the pitch of the propeller.

11. The pitch of a propelkr is measured by means of a batten
and cord. The horizontal ordinate is found to be 40 em 'while the
vcnica! ordinate is 1.15 m at a distance of 2.6 m from tbe ,centre
of the boss. Calculate the pitch of the propeller and the blade
width at that point.
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CHAPTER 9

JRUDDER THEORY

When a rudder is turned from the centreline plane to any
angle, the water flows round the rudder and creates an addi­
tional resistance on that side of tbe centreline. The force Fwhich
aas on the rudder parallel 10 the centreline has two components:

<a) the force created by the fannalien of streamlines round tbe
rudder. i.e. due to the change in direction of the water.

(b) the suction on t~ after side of the rudder caused by
eddying.

This force F follows the laws of fluid friction and may be
determined from the expression.

F = k A·"> N

where k = a coefficient which depends upon the shape
of the rudder, the rudder angle and the den·
sity of the water. When tbe ship speed is
expressed in m/s. average vaJ~ of k for
sea water vary between about S70 and 610.

A = rudder area
v = ship speed.

The area of rudder is DOt specified by Classification Societies,
but experience bas shown that the area should be related to the
area of the middle-line plane (i.e. length of ship x drau&ht), and
..-alues of one sixtieth for fast ships and one seventieth for slow
shit» have been found suco::ssful,

Le. area of rudder = L ~ d for fast ships

LXd f sJo'~= 70 or VI s.u...~.
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If the rudder is turned to an anJle 0:, then the: component of
force acODI DOrmal to the plane of the rudder F,. is Jiven by:

F.-FsinG:
;., kA v2sina

,.

fll.9.1

This foret F. acu at the ccnue of effon of the rudder. The
position of tbe cenue of effort varies with the shape of the
rudder and the rudd~ angle. For rectangular rudders the centre
of effort is between 20070 and 380h of the width of the rudder
from. the leadina odie. The effect of the normal force is to tend
to push the rudder back to its centreline position. Suc:h move­
ment is rnistecl by the rudder stock and tbe steering gear. It is
theft:fore possible to calculate the turning moment or torque on
the rudder stock.

If the c:::mtre of effort is b m from the centre of the rudder
stock. then at any anaIe Q

Torque on stock T - F.. x b
_ kA. ~bsino: Nm

From the basic: torsion equation the diameter of the stock may
be found for any given allowable Stress.
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where q = allowable stress in N/m2

T = radius of stock in m
J == second moment of area about a polar axis in m(

= ;r

For any rudder, at constant ship speed, values of torque may
be plotted on a base of rudder angle. The area under this curve
up to any angle is the work done in tuniing the rudder to this
angle, and may be found by the use of Simpson's Rule. Care
must be taken to express the common interval in radians. Dot
degrees.

RUDDEll "'~C;LE

Fig. 9.2

If the centre of the rudder stock is betweeD 200/0 and 38"70 of
the width of the rudder from the leading edge, then at a given
angle the centre of stock will coincide with the centre of effort
and thus there will be no torque. The rudder is then said to be
balanced. At any other rudder angle the centres of stock and
effort will not coincide and there will be a torque of reduced
magnitude. Thus it may be seen that the diameter of stock and
power of the steering gear may be reduced if a balanced rudder is
fitted.

It is usual to limit the rudder angle to 35° on each side of the
centreline, since. jf this angle is exceeded, the diameter of the
turning circle is increased.
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Example. A rudder bas an area of 1$ m1 with iu (:Otfc or
dron 0.9 m from the centre of stock. The: maximum rudder
aD&fe is 35° and it is desicned for a service $pc:ed of 15 knOts.
Calc:u1a1e: the: diameter of the: rudder stod if the: maximum
allowable stress in the stock is $$ MN/m: and the rudder force:
para11d to the: centreline of tbe ship is Jiven by:

F = 580AV: N with \I in mls

Ship speed v _ 15 x 1852
3600

- 1.117 m/s

F - 580 x 15 x 7.717J .

- '18 060 N

Torque T - F" b
-Fsinaxb
- 518 060 x 0.5736 x 0.9
_ 267440Nm

TrJ- q

..,. Tr
2= q

2 x 267440
- 3.142 x 55 x 10'

•
_ 0.003 095 mJ

r c 0.145 m

Diameter of stock _ 0.29 m
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ANGLE Of HEEL DUE TO fORCE ON RUDDER

ISl

When the rudder is turned from its central position, a trans­
verse component of the normal rudder force aeu on the rudder.

'.
,,,. ':r.
•,
,

_~o~. ~

' ... 9.l
~ FII = rudder force normal to the plane of tbe

rudder
F, _ transverse rudder force
a c: rudder angle

Then F. - F,.cos a
- Fsin a cos a
= kAvJsinacoso:

This transverse force acts at the came of the rudder N, and
tends to push the ship sideways. A resistance R is exerted by the
water on the ship, and acts at the centre of lateral mistance L
which is the centroid of the projected. immersed plane of the
ship (sometimes taken as the centre of buoyancy). This
resistance is increased as the ship moves, until it reaches its
maximum value when it is equal to the transverse· force. At this
point a moment acts on the ship ea\lSina it to heel to an angle 8
when the heding moment is equal to the righting moment.

HeelinB moment - F, x NL cos 6
Righting momC'nt ::II: t. g x GZ

:KAg x GMsinB if8issmaIJ

For equilibrium:
Righting moment = heeling moment

.l:1.g x GMsin8., F, x NL cos B

.!Yl1::11: £1 x NL
cos, AgxGM
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_ PI X NL
tane - tog X OM

From this the angle of heel may be obtained.
The angle of heel due to the force on the rudder is small unless

the speed is excessive or the metacentric height small. In most
merchant ships this angle is hardly noticeable.

Fig. 9.4

Example. A ship of 8000 tonne displacement has a rudder of
area 18 m1• The centre of lateral resistance is 4 m above the keel
while the centroid of the rudder is 2.35 m above the keel. The
maximum. rudder angle is 35 0

• Calculate the angle of heel due to
the force on the rudder if the latter is put hard over to port when
travelling at 21 knots with a metacentric height of 0.4 m.

Given F;z 580 A v2 N

Ship speed \' = 21 x ~~

""' 10.80 mls

Transverse force F, = 580 A v2 sin CI! cos a:
= 580 x 18 x 10.8Q1

x 0.5736 x 0.8192
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RUDDER THEOn

"" 571 200 N
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tan 8 = {, x
61 x

NL
OM

= 572 200 x (4.0 - 2.35)
8000 x J()I x 9.81 X 0.4

= 0.03007

Angle of heel 8,. 10 43' to pon

ANGLE OF HEEL WHEN TIJRNING

As the ship commences to turn a etntrifugaJ forte acts in addi­
tion to the rudder force. The effect of this force is to create a
moment opposing the rudder force, i.e. tending to heel the ship
in the opposite direction.

It is convenient to ignore the rudder force and consider only
the centrifuaal for~. This force acts at the centre of vavity of
the ship ~d may be calculated from the formula:

Centrifugal force CF. b: kN

where v is the ship speed in mls

Q is the radius of the turning circle in m

A resistance R is again acned by the water on the ship due to
the transverse movement, and bas its maximum value wben it is
equal to the centrifugal force. This resistance is knOWD as the
centripetal force. A moment then acts on the ship causiRJ it to
hed.
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Fig.9.S

z~t~
~

--'--\_._._'~.-.L_

\

The ship wiU be in equilibrium when the heeling moment is
equal to the righting moment.

Heeling moment = CF x LG cos 6

"" Avl x LGcos9•
Righting moment = A g x GZ

=Ag x GMsin9 if9issmall

.. Ag x GMsin6= II x LG cos 9•
sin8_AL x LG
cose- Q Ag x GM

From this expression the angle of heel may be calculated.
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It is usual in calculations of heel when turnin&:, to ignore tbe
heel due to the rudder force and consider it to be a small factor
of safelY, i.e. the actual angle of bed will be less than that
calculated. ]f, when the ship is turning in a circle to pon. lhe
rudder is pUt hard over to starboard. the heel due to the rudder
force is added to the previous heel due to centrifu.al force,
causina an increase in angle of heel. This may prove dangerous,
especially in a small, hia:h speed vessel.

Example. A ship with a metacentric beight of 0.4 m has a
speed of 21 knots. The centre of gravity is 6.2 m above the keel
while the centre of lateral resistance is 4 m above the leeei. The
rudder is put hard over to port and the vessel turns in a circle
1100 m radius. Calculate the angle to w~ch the ship will beel.

Ship speed v = 21 x i~

= 10.80 m/s

tan 8 = .,...,""-,x,-"L,,,G~
g x ~ x GM

10.p x (6.2 - 4.0)= 9.81 x 1100 x 0.4

: 0.1189

Angle of heel 8 = 60 47' to starboard

Vsma the details from the previous example, it may be seen.
thai: if II is the fmal angle of beel:

tan 6, - 0.1189 - 0.03007

- 0.08883

Final angle: of heel 8, = 50 S' to starboard.
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TEST EXAMPLES 9

NOTE: In the following Questions the rudder force parallel to the
streamline should be taken as 580 Av" N.

I. A ship, whO$e maximum speed is 18 knots, has a rudder of
area 25 mI. The distance from the centre of stock to the centre of
effort of the rudder is 1.2 m and the maximum rudder angie 35 0

•

If the maximum allowable stress in the stock is 85 MN/ml ,

calculate tbe diameter of the stock.

2. The service speed ofa ship is 14 knots and the rudder,
13 ml in area, has its centre of effort 1.1 m from the centre of
stock. Calculate the torque on the stock at 10° intervals of
rudder angle up to 40° and estimate the work done in turning the
rudder from the centreline to 40°.

3. A ship 150 m long and 8.5 m draught has a rudder whose
area is one sixtieth of the middle-line plane and diameter of
stock 320 nun. Calculate the maximum speed at which the vessel
may travel if the maximum allowable stress is 70 MN/m2, the
centre of stock 0.9 m from the centre of effort and the
maximum rudder angle is 35°.

4. A ship displace~ 5000 tonne and has a rudder of area 12 mI.
The distance between the centre of lateral resistance and the
centre of the rudder is 1.6 m and the metacentric height 0.24 m.
Calculate the initial angle of heel ifthe rudder is put over to 35°
when travelling at 16 knots.

5. A vessel travelling at 17 knots turns with a radius of 450 m
when the rudder is put hard over. The centre of gravity is 7 m
above the keel, the transverse metacentre 7.45 m above the keel
and the centre of buoyancy 4 m above the keel. If the centripetal
force is assumed to act at the centre of buoyancy, calculate the
angle of heel when turning. The rudder force may be ignored.
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SOLUTIONS TO TEST EXAMPLES 1

I. <a> Mass of aluminium '"' 300 g

= 0.300 kg

Volume of aluminium "" 42 em)

::> 42 x 1()'6 ml

De · f a1 .. 0.300
nSlty 0 UIlUmum - 42 )( 1()-'

0.300 x 10'
- 42

.. 7143 kg/m1

(b)
Mass of equal volume of water - 42 x 10-1 kg

Rela . ._.' f a1 .. 0.300bve ug~Jty 0 umuuum - 42 x 10"J

- 7.143

Alternatively,
Density of water"" 1000 k&!m)

R~••' d 'ty f a1 .. density of alUJDinjum
Q&Uve c:nsJ 0 u.muuum - density of water

1143
"" WOO
_ 7.143

(e) Volume of aluminium _ 100 eml

_ Joo x lQ-' mJ

Man of aluminium IC 7143 x 100 x 10"'k./mJ x ml

~ 0.1143 kg
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2. L.oad on tank lop C QzAh

9.6 x I~ • 10lS x 9.81 x 12 x 10 x h

h • 1025
9.6 x 10'

x 9.81 x 12 x 10

• 7.96 m

3.

.. ,
I

I " ~!-l ~

~! r'?~t:aT
!

• I
: i/'/.' / /1 ,. l.!

". : 1LLL v J..
Uj H ': !.!--. .,
II....L rt-750--; 1 l'
HI I .. Ii-! 1+-'-

1

Fia. TLI

Preuure on outer bottom • Qlh
_ 0.89 x 1()3 x 9.81 x (11 + 1.2)
• 106.5 x 10' N/ml

= 106.5 kN/ml

Let d = diameter of rivets in mm.

Muimum Slress in rivets

_ IQad on one rivet
- area of one rivet

.. '.. Load on one rivet

... 30 x 10' x r x tP x 10.6

= 30 x ! d l N
4
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SOLUTIONS TOTEST EXAMPLES I

But load on one rivet

161

= load on area of tank top supported by one rivet

= pgAh
= 0.89 x 1()3 x 9.81 x 0.75 x 7d x llr1 x II
= S04.3d N

30 x ~ d 2 = 504.3d

d _ 504.3 x ~

30 T

"" 21.4 rom

4. (a) Load on top - egAH

Since H is zero

Load on top = 0

Load on short side = 1000 x 9.81 x 12 x 1.4 x 0.7
= 115.3 x 10! N
= 115.3 kN

(b) Load on top = 1000 x 9.81 x 15 x 12 x 7
= 12.36 x IQ6 N
~ 12.36 MN

Load on short side = 1000 x 9.81 x 12 x 1.4 x (7 + 0.7)
= 1.268 x 1()6 N
c 1.268 MN

5. Pressure at bottom "" egh
"" 1025 x 9.81 x 6
= 60.34 x 1()3 N/m2

"" 60.34 kN/ro2

Load on bulkhead "" egAH
= 1025 x 9.81 x 9 x 6 x 3
c 1.629 x 10' N
= 1.629 MN
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i i
i !
.. i

: i
. I.L_._+-_-!__.L

i--,.-...J

f-f-::;::.::.'.=.:;.::)-1.
\-- i ·-T

----\<+ L i
T I II .1.

I
!

6.

F;':. Tl.2

<a) Width of bulkhead at a depth of 6 m

_S+4x 6
8

-8m

Divide tbe bulkhead into a rectangle and two tri.anJles as shown
in Fig. TJ.2

Load on rectangle _ 0.85 x 1000 x 9.81 x :5 x 6 x 3
E 750.4 x 10' N
• 1.50.4 leN

Load 011 two trianales

so 2xO.8Sx JOOO~9_81 XI.S;6 x{

~ ISO.I x 10' N
= IS0.1 kN

Total load on bulkhead
• 750.4 + 150.1
= 9OO.S kN

(b) Load OD reCWlJle

E 0.85 x 1000 x 9.81 x S x 8 x (~ + ~
• 2.669 x l~ N
- 2.669 MN
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Load on two triangks

= 2XO.8'XlOOOX9.81X2~8 x (~+4)

• 889.6 x HP N
.. 0.890 MN

Total load on bulkhead
= 2.669 + 0.890
= 3.559 MN

7. (a) Load on bulkhead
-QgAH
_ 0.9 x 1000 x 9.81 x 10 x 12 x 6
= 6.356 x 10' N
- 6.356 MN

Distance of centre of pressure from tOP of bulkhead- ,D
= i x 12
-8m

(b) Load on bulkhead

- 0.9XIOOOX9.SIXlOX12Xei+3)

_ 9.534 x 1()6 N
_ 9.534 MN

Distance or centR of pressure (rom surface or oil

.hi..
- AH + H

MO )( 12l

- 10 -x 12 x 9 + 9

• 1.333 + 9
• 10.333 m

Distanct' of centre of pressure from top of bulkhead
• )0.333 - 3
_ 7.333 m
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8.

r--- ..----j
• •

1--::_-::

I -r---
-----------1 I i~ '==-=

I 4. I "F
,. I -;t-.h l-
I I .,'.4 ,iL' 1·'1-- ---'_.-'-. --L-'---'---

Fig. T1.3

Load on side A "" 1025 x 9.81 x 6 x 4 x 2
= 482.6 x 10' N
= 482.6 kN

Centre of pressure on side A = t x 4
= 2.667 m from top
= 1.333 m from bottom

Load on side B = 1000 x 9.81 x 6 x 3 x 1.5
'" 265.0 x 1()3 N
= 265.0 kN

Centre of pressure on side B '" 1 x 3
= 2 m from top
= I m from bottom

Taking moments of load about bottom of gate:

Resultant centre of pressure from bottom

482.6 x 1.333 - 265.0 x 1
= """'~~~~""-''-L482.6 265.0

643.47 - 265.0
= 217.6

"" 1.740 m
Resultant load == 217,6 kN
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9.

,.
I

I
I

. .1

1---- 5m _._....,

-T
I
I
IT

I
I
c
I
I

1-__.

Fig. T1.4

There are two types of solution possible, one if the water is
above the top of the bulkhead and one if the water is below the
top of the bulkhead.

Assume water at top edge:

5 x 7 7
Load on bulkhead "" 1025 x 9.81 x -2- x 3"

"" 410.6 x 1()3 N
"" 410.6 kN

Since the load on the bulkhead is only 190 tN, the water must be
be/ow the top of the bulkhead.

Width at water level B "" ~ x D7

D 5D D
190 x 1()3 = 1025 x 9.81 x 2' x -7- x l

[)3 _ 190 x }(V x 2 x 7 x 3
- 1025 x 9.81 x 5

from which D = 5.414 m
Centre of pressure below surface of water

- , x D
"" 2.707 m

Centre of pressure below top of bulkhead
= 2.707 + (7.00 - 5.414)
= 4.293 m
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10.

I••r----,. ---1-+
I
I

••
1
I

-,,-_._-.1..

Fig. T1.S

<aJ
Load on bulkhead = 1025 x 9.81 x 7 ; 8 x ;

= 750.8 x 10- N
.= 7SO.8 kN

Centre Of pressure from top
= tD
=4m

(b)
7 x 8

Load on bulkhead = 102S x 9.81 x -r- x

= 1.877 x 10' N
= 1.877 MN

For triana}c INA = Jk SIP

Centre of preuure from surface of water

fa.,.. AH + H
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Ix7x8]

"'36x7x8x6.667

- 7.200 m

Centre of pressure from top of bulkbead
_ 7.200 - 4.000
_ 3.2 m

11.

+ 6.667

167

Load on one stiffener - QgAH

_102Sx9.81 X8XO.700X~

• 225.3 x UP N
_ 225.3 kN

(a) Sbearina force at top of stiffener
"""xload
- j x 225.3
- 75.1 kN

(b) Sbeui.Da: force at bottom of stirfefter
""'! x load
= j x 22.5.3
• 150.2 kN

.'. Shear force in rivets - 150.'2 kN
T

CrO$Hectional area of rivets ::s 10 x .4 x 2<F x l(}-t

_ 3.142 x 10-] ml

Shear stress in rivets _ 5h~~orce.

150.2
- 3.142 X 1O.J

_ 47.75 x lOS kN/m2

- 47.75 MN/m'
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(e) Positioa of zero shear - fr

= 4.619 m from top

12. (a) Let I ~ hOgl" of bulkhead

Maximum shearing force in stiffeners
- 200 kN
-,xload

... load.200x~

• 300 kN

I I
But load ollstiffener • 102,5 x 9.81 x I x ~ x 2.

p ,. 300 x l<t x 9 x 2
1025 x 9.81

from which / • 8.128 m

(b) Shearing for(% at top"" i x load
-tx300
- 100 kN

(c) Position of zero shear ,. fJ,

,. 4.693 m from top
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1. Volume of wood and metal immersed
== 3.5 x 1()3 + 250 - 100
= 3650 em l

Mass of wood and metal = 1.000 x 3650 g/em l x em)
~ 3650 g

Mass of wood = 3.5 x l()3 x 1.000 x 0.60
~ 2100 g

.'. Mass of metal = 3650 - 2100
= 1550 g"

Mass of equal volume of fresh water
= 250 x 1.000
= 250 g

R Ia · d' 1550e lIve enslty = 250

= 6.20

2. Mass of raft::: 1000 x 0.7 x 3 x 2 x 0.25
= 1.05 x 1(11 kg

Mass of raft when completely submerged
= 1018 x 3 x 2 x 0.25
= 1.527 x 1()3 kg

. '. Mass required to submerge raft
= 1.527 x 1()3 - 1.050 x H)3
= 0.477 x 1()3 kg
= 477 kg

3. (a) Displacement ofbarge = 1025 x 65 x 12 x 5.5
- 4397 x 10' kg
:z: 4397 tonne

(b) Draught in fresh water = 5.S x ~::

= 5.637 m
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4.

..---\!--'''--i
---. ··T---. ..!o.. ,--.-- ..____. I

y- _---L

Fia. T2.1

Ut d = draught
b = breadth at wllerline

By similar Iri&nalcs b - ~ d

At draught d. displacement _ 1.02S x 85 )( b ; d

·1.025 )( 85 )( -jd x td
- S8.08d' toane

Tabulatina:
Draqht d
o
U5
2.50
3.75
5.00
6.25
7.50

.'o
1.563
6.250

14.062
25.000
39.062
S6.25O

Dispiacall.cnt tottae

o
91

363
817

1452
2269
3267
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,
,

DIlAUGHT. ,
•
,
,

171

o '000 ISOO 2000. ZsOO

OISI'LACEHENT to""~

Fig. T2.2

At 6.50 m draught, displacement in sea water is 2450 tonne.

.'. Displacement in fresh wateT = 2450 X ~:~

- 2390 tonne

5. Immersed volume of cylinder • 4'= 1: x 15 x 4 x

- 3011" mJ

Mass of cylinder ~ 1.025 x 3Dr- 96.62 toone

6. Mass of water displaced - 1.025 x 22- 22.55 tonne

.'. Apparent mass of bilge keels = 36 - 22.55
= 13.45 tonne

Increase in draught 13.45
="20

= 0.613 em
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7.

1------10 •

1--->,------
I••
I
L--r-.--~1--._-•. ---I

-.

FiS. n.3

Breadth at waterline _ 6 + ; x 4

- 9.2 m

Displacement _ 1.025 x 40 x 6 +2 9.2 x 4

E 1246 tonne

8.

"""...7.5
6.25
5.00
3.75
2.50

TPC • O.Ql025
wat.cpIaae ana

1845
1690
m5
1355
1120

x A.
TPC

18.91
17.32
15.73
13.89
11.48

Increase in drauSht required - 0.20 m
E 20 em

Mean TPC a\'6.20 m - 17.25

Mass required c 17.25 x 20
• 34S tonne
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! :
",..,
• , ,
,.,

.cUU~N'I',
• , ,

.·5

• I,..
,

" 00 " " " .. " " " " ",
"

Fi,. T2.4

173

9. Volume of displacement

Waterplane area

~
= 1.025

.19024mJ

!PC
- 0.01025

26.5
- 0.01025

Block coefficient "" '1.","n.,JIl!9,':02l'4~",.
J\1 X 20.5 x 8

_ 0.773

Prismatic coefficient "" ~
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WaterplaDe area coefficient

0.773
- 0:9"4
- 0.822

2585
- ISO x 20.5

= 0.841

and

10. Let lenlth of ship • L
Then breadth ""' 0.13L

cln.ugh. - Q.lli,
2.1

- 0.0619L

Vohunt of displacement - t~

- 9219.5 m'
v

C"=LXBXd

9219.5
0.7 - L x 0.I3L )( 0.0619L

£l _ 9219.5
0.7 )( 0.13 x 0.0619

Prismatic coefficient -

L-Length of sbip 117.9 m

-,.:;,:92<,179".5,;-;;;
C, - 1l7.9 x 106

0.738

II.

Then

and

Let length of ship =:

draught ­

breadth ..

L
L
if
2.1 x draught

2.1 L=1i
TPC $a water - 0.01025 A ..

TPC fresh water - 0.0100 A.
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SOUJT1OHS TO TEST EXAMPL.ES 2

TPC sea water - TPC fresh water

- 0.7
.'.0.01025 A. - O.OIOOA. - 0.7

O.OOOZS A. - 0.7

A
0.7

• - O.OOOZS

175

But A ... :::: C... x L x B

2800 f:: 0.83 x L x isl
L

£2 • 2800 x 18
0.83 x 2.1

From wbich L E 170 m
TPC fresh water :::: 0.0100 x 2SOO

• 28

12.
i Ciitth

2.1
6.6
9.3

10.$
11.0
11.0
11.0
9.9
7.S
3.9
o

SM
1
4
2
4
2
4
2
4
2
4
I

ProdUC'l
2.1

26.4
18.6
42.0
22.0
44.0
22.0
39.6
IS.O
IS.6
o

247.3

Common lnterval • 9 m
Wetted surface area • i x 9 x 247.3

• 1483.8 m2

i' . 7.42 m2

Appendages • 30.00 m2

Total wetted surface area • 1521.22 m!

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



176 ltElo'S NAVALAJl.CHrt£C1"UU FOfl DlGINEUS

13. (a)

Volume of dirplacement • I:.~

= 13 658 m'

•S • 1.7Ld + (J

(h)

_ 1.7 x 130 x 8 + 13 :58

- 1768.0 + 1707.3
- 3475.3 m2

S - NIT
= 2.58 .J"'14"OOO""'""'x"IJO"'.
_ 3480 m 2

14. Volumeofexi.stingbarae"", 75 x 9 x 6
- 4030 m)

Volumes of similar ships CI: lenatb'

i.e.

New leoath

New beam

New depth

v, = fL')'
~ \Ii

.7' ..:.;=
L 2 = 69.34 m

82
-

91=
= 8.32 m

D,,. 61=
= 5.S5 m

15. Let S - wetted surface area of small ship
2S - wetted surface area of large ship
b. "" displacement of small ship

b + 2000 = displacement of larae ship
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It was shown thai. for similar ships:

4ast

Hence
4 /2lXXJ - (is)f

a (l)t
2~xtJ..tJ.+2000
2.828 tJ. ~ t:. + 2OClO
1.828 t:. =- 2000

•• OQQQ.
.. 1.828

Displacement of smaller ship A

_ 1094 tonne

J6. For similar ships: A CIt LJ

Displacement of mood .6 J • II 000 x C~y

=- 1.375 to~

s CIt V

s, fL,)'
"'-s;-U;

Wetted surface area of model

51 • 2500 x (l~Y

• 6.25 m1

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



I.

SOLUTIONS TO TEST EXAMPLES 3

, wi4~

I
7.5

12
13.5

I'
I'
I'
13.5
12
7
o

SM
1
4
2

•2
•
2
4
2
4
I

ProdUCt for area
1

30
24
54
28
56
28
54
2'
28
o

327 - I:A

(0)

(b)

Common interval h .. lfg

• 18 m

Waterplane area= ; tA x 2

_~X327X2

"" 3924 m1

TPC _ watcrplane area x density
100

3924 x (.025- 100

• 40.22
(e)

Watcrplane area coefficient _ waterplane area
length x breadth

_ 1924
180 x Z8

• 0.778
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Volume of displacement

ISO REED'S NAVAL ARCHITECTURE FOR ENGINEERS

<a)

= !!rv
3

= Ii x 3507

= 16366 ml

Displacement = volume x density
= 16366 x 1,025
= 16 77S tonne

(b) Block coefficient : ,,",v~o~l~u~m~e,-;,o~f~d~;~sp~l~ac~~em~en~tL,:::
length x breadth x draught

16366
= 140 x 18 x 9

'"" 0,722

(c) midship section area coefficient

midship section area- breadth x draught

153
= 18 x 9

= 0,944

(d) -=~v~o~lullm~e,,::,:o~fid~i~s~pl~a~c~em~eBn~t=Prismatic coefficient = length x midship section area

16366
= 140 x IS3

= 0.764

Alternatively

Prismatic coefficient ::;:;::;db~l~o~c=kdc~o~e~ffi~l~d~en~tr.:=~
= midshipsectionareacoefficient

= g:~~
= 0,764
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4.
Product Product fQlr

SectiOD i OrWDale SM for area L~ IA momellt
AP 1.2 1 0.6 +S + 3.0

1 3.S 2 7.0 +41 +31.5
I S.3 I '.3 +4 +21.2
It 6.8 2 13.6 +3t +47.6
2 8.0 It 12.0 +3 +36.0
3 8.3 4 33.2 +Z +66.4
4 8.S 2 17.0 +1 +17.0

S 8.S 4 34.0 0 +222.7 .. I::MA

6 8.S 2 17.0 -I -17.0
7 8.4 4 33.6 -2 -67.2
8 8.2 It 12.3 -3 -36.9
8t 7.9 2 15.8 -3t -55.3
9 6.2 I 6.2 -4 -24.8
9t 35 2 7.0 -4t -315

FP 0 t. 0 -S - 0

214..6. z: E.... -m.7-Ew-
C . cvaI 120omm01l tnt =- 10

- 12 m

(a) Waterplane area = ~ I::A X 2

12 x 214.6 x 2-3

"" 1716.8 m1

Since tMl'exceeds l:MA the centroid will be forward of midships.

Disumce of centroid from mid.• h{I:~+ EMF)
ships A

12(2)2,7 - 232.7)
• 214.6

- 0.559 m forward
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5.

T1'C
4.0
6.1
7.~

9.1
10.3
11."
12.0

...
1
4
2
4
2
4
1

Product for
diJplacement Lever

4.0 0
24.4 I
15.6 2
36.4 3
20.6 4
45.6 5
12.0 6

158.6 - 1: lJ..

Product. for
15t mOlQent

o
24.4
31.2

109.2
82.4

228.0
72.0

547.2 - I:M

Common interVal = I.S m
:E ISO em

(a) Displa.cem.eDt = ~ r; 6 (h in em)

150"" T x 158.6

:.: 1930 tonne

(b) KB = hi: (h in m)

1.5 x 547.2
- 158.6

:>i' 5.175 m

6.
I "'....,. """""'fm f'rod;Q(;t fo~

""""" SM rOt' area u.tt la IDOmeDt ~
2n._

0.3 1 0.3 +5 + 1.5 +5 + 7.5
3.8 4 15.2 +4 +60.8 +4 +243.2
6.0 2 12.0 +3 +36.0 +3 + 108.0
7.7 4 30.8 +2 +61.6 +2 + 123.2
8.3 2 16.6 +1 + 16.6 +1 + 16.6

9.0 4 36.0 0 + 176.5-I:w. 0 0
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SOLUTIONS TO TEST EXAMPLES 3 183

8.4 2 16.8 - I -16.8 -I + 16.8
7.8 4 31.2 -2 -62.4 -2 + 124.8
6.9 2 13.8 -3 -41.4 -3 + 124.2
4.7 4 18.8 -4 -75.2 -4 + 300.8
0 1 0 -5 0 -5 0

191.5 = EA -195.8 = EMF +1065.1=EI

Common interval = 15 m

(a) Waterplane area = ~ EA X 2

15 .
== T x 191.5 x 2

(b)
Distance of centroid from midships

_ hcrMA + EMF)
- I:A

15(176.5 - 195.8)
= 19l.5

= 1.512 m forward

Second moment of area about midships

h'
= "j tl X 2

15'
= T x 1065.1 x 2

= 2396 475 m'

Second moment of area about centroid
== 2396 475 - 1915 x 1.512z

= 2 396 475 - 4378
= 2392097 m'
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7.

"""""o
1
2
3
4

DiJplKemalt $M

o 1
189 4
430 2
692 4
m I

Product for mOCDmt
o

7S6
860

2768
m

5361 - 1:M

Common interval ... I m

Area of curve • i 1;",

- I x 5361
- 1787 tonne m

ill1,.. 977

• 1.829 m
KB .. 4 - 1.829

- 2.17. m

8. .,.... Produa: for ProdlX:t focw_
SM f,,~ '-"'" IR moment '-"'" 2nd GKlIDelll

8.0 1 8.0 0 0 0 0
7.5 4 30.0 1 30.0 I 30.0
6.5 2 13.0 2 26.0 2 52.0
5.7 4 22.8 3 68.4 3 205.2
4.7 2 9.4 4 37.6 4 150.4
3.8 4 15.2 5 76.0 5 380.0
3.0 I 3.0 6 18.0 6 108.0-256.0 = !;M 925.6 = 1:1
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SOLtJ'TlONS TO TEST EXAMPLES ) 185

Common interval - 1.2 at
Load on bulkhead II: density x g x 1st moment

h'
,..~gx3EM

== 1.02.5 x 9.81 x It x 2.56.0

_ 123.5 kN

liI.- 1:". .

- 1.2 x 925.6
256_0

II: 4.339 m

9_

"""''''' Product Product
1m fot 1st for 2nd

W""" SM - (Widlbf 8M ........ (Width)) 8M ~,

10 I 10 100 1 100 1000 1 1000
9 4 36 81 4 32' 729 4 2916
7 2 14 49 2 98 343 2 686
4 4 16 16 4 64 64 4 256
1 1 1 I 1 I I 1 1

77 == 1:a .587 ... Em 48.59 .. I:i

Common interval .. 12.-
-3m

Area of surface
h

a_~1:a

3
.. j x 77

_ 17 at2
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186 REED'S I'lA'IAL ......CMrrEC'T11U POa. ENGINUa.S

Distance of centroid from longitudinal bulkhead

- ~
y IE 21:a

587
1E

2X77

= 3.812 m

Second moment of area about lonptucl.inal bulkhead

. h 1:'t. = ~ 1

- 1619.7 m4

Second moment of area about centroid.

;6 1E ;.-ayl
"" 1619.7 - 77 x 3.8121

K 1619.7 - 1111.7
=SOl.Om4

10.
Produa f«

; ordiJlaU U ordirwt>' &'1 2Dd ."''''''"
1.6 4.1 1 4.1
5.7 115.2 4 740.8
1.1 611.S 2 1363.0

10.2 1061.2 4 4244.1
10.5 1157.6 2 2315.2
10.5 1157.6 4 4630.4
10.S IIS7.6 2 2315.2
10.0 1000.0 4 4000.0
1.0 512.0 2 1024.0
5.0 125.0 4 500.0
0 0 1 0

21 137.5 - 1:,
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SOLUTIONS TOTEST EXAMPLES J

Common interval - 16 m
Second moment of area about centreline

h-=9XElx2

:: ~ X 21 137.5 x 2

",,75155m'

187

II.
Crou·HlttioDai Produet ror ProdUCI ror

·u.. SM volume La" 1ST moenent
2 1 2 +5 + 10

40 4 160 +. + 640
79 2 158 +3 + 47.

100 4 400 +2 + 800
103 2 206 +1 +2lJ6

104 4 416 0 + 2130-EMA

104 2 208 -1 - 208
103 4 412 -2 82.
97 2 194 -3 - 582
58 4 232 -. -928
0 I 0 -5 0--

2388-I: v -2542 = I:MF

Common interval • 12 m

(a) Displacement -

12= 1.025 x 3" x 2388

- 9790.8 tonne

(tI) Centre of buoyancy from midships

h(tMA + EMf)
• 1: v

12(2130 - 2542)
• 2388

- 2.070 m forward
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SOLUTIONS TO TEST EXAMPLES 4

I. .....
4000
1000
200

5000
3000-13200

'"6.0
0.8
1.0
5.0
9.5

Vertical 1Il0meal

24000
800
200

25000
28500

78 SOO

Thus

2.

dispLacemecn :c 13 200 tonne

78500
Centre of ,ravity above: keel :: 13 200

• 5.947 m

v'""" Leo from LonPtudinal
r.b~5 K, moment midt.hips mocntnl

5000 6.0 30000 J.S ford 7500 ford
500 10.0 5000 36.0 aft 18 000 aft-- - -

5500 35000 10 500 aft

Centre of gravity above keel. 3;5:'

- 6.364 m

Centre of ,nvity from midships ::: I~S~OO

"" l.909 m aft

3. Shift in centre of gravity = 300 x:o+ 40)

::E 3.2 m aft
New position of centre of gravity E: 1.2 - 3.2

= - 2.0m
or E 2.0 m aft of midships
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SOLlTnONS TO TEST E:XAMPUS.

4. (a) Shift in centre of gravity due to tramfer of oil

250 x OS + SOl
• 17000

189

= 1.839 m art
. '. new position of centre of gravity .. 1.0 + 1.839

• 2.839 m aft of midships
(b) Taking moments about midships:

.. f f' 17 000 x 2.S39-2oox 50
new posItIon 0 centre 0 gravity :=:: 17 000 200

48 260 - 10 OQO
• J6800

:< 2.218 m aft of midships

5. Shift in centre of gravity due to lowered cargo
SOO x 3

= 3000

• O.S m down

Taking momentS about the new'position of the centre of jTavity:
Shift in centre of iravity due to added cargo

3000 x 0 + 500 x 3.5
3000 + 500

1750
=- 3500

• 0.5 m up

Le. the position of the centre of gravity does not cbanae.

6.
M_ x, vertical mOllltlll

2000 U 3000
300 4.5 1350

50 6.0 300- -
Total removed 2350 4650
Original 10000 3.0 30000---
Final 7650 2S 350
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190 UEIYS NAVAL Ai.CHlttCT'UJ.E fOA ENGINE£RS

New displacement • 7650 tonne

New centre of gravity • 2i6;:'Q
• 3.313 m above ked

i
~'_l••~

i
r-;;V-l

7. r---""
I~~-'"'r-+ I ,q"",-------1.-+-4--,

'I' ..
j I

r-=\---, ;
I ,,;r :.~

: I I

Fig. T4.1

<a) Since the: cenue of gravity of a SU$peDded mass is at the
point of sU$pension, cbe mass is virtually raised to the derrick
head.

Rise in eenue of gravity =:: 7S ;J0'S

• 0.0984 tIl

(b) When the mass is at the derrick bead chere is DO further
movement of the centre of gravity.
Le. rise in centre of gravity _ 0.0984 m

<c) When tbe mw is in its fmal position tbe centre of gravity
moves down and forw&rd.

VertiCAl shift in centte of pavity • 7~ 9

- 0.0844 m down

LoQ&itudinal shift ioct:ntreofgravity:::: 7~14

• 0.1313 m forward

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



SOLUTIONS TO TEST EXAMPLES 5

1. GM=KB+BM-KG
I

BM= V

42.5 x I(P x 1.025
"" 12000
:::: 3.630 m

OM "'" 3.60 + 3.63 - 6.50
= 0.73 m

2. I
BM= V

60 x Ill! x 1.025
= 10 000
::: 6.150 m

KG = 4000 x 6.30 + 2000 x 7.so + 4000 x 9.15
4000 + 2000 + 4000

2S 200 + IS 000 + 36 600
= 10000

76800
::: 10 000
= 7.680 m

GM- 2.750 + 6.150 - 7.680
:= 1.22 m

3.

,

•

f--_.- ,..---j.
._-----;..

-·_-_·-lG t--
i i

< i.
I

t....L

Fig. TS.l
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Let

Then

4.

•

REED'S NAVAL ARCHITECTURE FOR ENGINEERS

d :draught

d
KB = 2

B'
BM = 12d

12
=([

KG = d

d
GM =.-

KG + OM "" KB + BM
d d 12

d+ 4 ""2:+(T

'd _ 12
• - d

4
d~ = j x 12

= 16

Draught d "" 4 m

I
I
I

- 4·5.·

I
·_1·5__·

Fig. T5.2
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SOLUTIONS TOlUT IXAMPLES 5 193

AlthouJ,b the raft is formed by cylinders, the walerplane con·
sists of two rectangle$, a distance of 1.5 m apan.

Second moment of area of waterplanc about centreline

1 1
I = Ii x 6 X 4.5' - i1 x 6 x 1.5'

= ~ x 6 (4.5J - 1.5)

= t x 87.75
". 43.875 m·

Volume of displacement v = 2 x 6 x i x 1.5~ x ;

.:3. 10.603 m J

I
BM= v

~
n 10.603

'" 4.138 m

5.

r---.-". _.--1

w-rl Ii: ~,
I . , I
•• I r' -
I I ',. i !
....L-.~ , , I,

Fig. T5.3

<a> Let d '" draught

d
KB - 2

L-8M· I2d

4.32
cd
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194 REED'S NAVAL AR.CHITECTURE FOR. ENOINEERS

d XB BM XM
0 0 0- 0-

0.5 0.25 8.640 8.890
1.0 0.50 4.320 4.820
1.5 0.75 2.880 3.630
2.0 1.00 2.160 3.160
2.5 1.25 1.728 2.998
3.0 1.50 1.440 2.940
3.5 1.75 1.234 2.984
4.0 2.00 1.080 3.080

(b) Between draughts of 2.4 m and 3.6 m the vessel will be
unstable.

,
DIAU(;HT

o ,

o , 4 • • '0

6.

Itl " IU'! •

Fig. TS.4

1---'0 ----1
'1

----."f--'I;i ~.

• I
! i

...L._.-'f,_._.---.1..

Fig. n.s
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Let

SOLUTIONS TO TEST EXAMPLES S

d = draught

b = breadth at waterline

195

By similar triangles

= 1.2d

KB = jd

b'
BM = r;a

_ !U!tl'
- 6d

= 0.24d

ORAUGHT

• ,
'·0

'·0

•o
0.5
1.0
1.5
2.0
2.5
3.0

KB
o
0.333
0.667
1.000
1.333
1.667
2.000

BM

o
0.120
0.240
0.3W
0.480
0.600
0.720

KM
o
0.453
0.907
1.360
1.813
2.267
2.720

o 0·' 1·0 1·5 2·0I.. ~ It".
Fig. T5.6
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7.

ueo's NAVAL ARCHITECTURE fOil. ENGINEERS

m x d
GM- 6tan8

6 _ deflection of pendulum
tan - len&th of pendulum

0.110
·830

OM :K 10 x 14 X 8.50
8000 x O.llD

,. 1.352 m
KG = KM - GM

• 7.150 - L3S2
.. 5.798 m

8. Mean deflection

-: +<:81 + 78 + 8S + 83 + 79 + 8l + 84 + SO)
- 81.5 DUn

GM ,. 6 x 13.5 x 7.S
4000 x 0.0815

- 1.863 m

9. Vinual reduction in OM due to free surface

_hi-- ...
i

= v since '1 • ~l

.,

j = 1 x 12 x 9l
l!

~ 729

.. =~

729 x 1.025
Free surfa~ effect :::: sooo

""" 0.149 m
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10. (a)

But

Angle of heel

SOLUTIONS TOTEST EXAMPLES 5

GM: KM - KG
:: 5.00 - 4.50
:: 0.50 m

OM:: m x d
• tan 6

mxd
tan8"'AxGM

10 x 12
:

8()(H) x 0.50

: 0.030
8_1°43'

197

(b)

Virtual

;
Free surface effect - v

7.5 X 15) x 1.025
:

12 x 8000

= 0.270 m
OM == 0.50 - 0.27

== 0.23 m

10 x 12
tan 8 '" 8()(H) x 0.23

Angle of heel

11.

= 0.0652
6 '" 3° 44'

Fig. T5.7
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198 kUDOS NAV,u .uCHlncruRE FOR ENGI"'cERS

Mass of water added _ 10.5 x 12 x 0.6 x 1.025
• 77.49 tonne

N KG _ 6000 x 5.9 + 77.49 x 0.3
ew - 6000 + 17..(9

35 400 + 23.25
6077 .49

z::: 5.829 m

Free sucface effect

1.025 x 10.S x 121

12 x 6077.49

-= 0.255 m

Virtual KG == 5.829 + 0.255

;r 6.084 m

OM E 6.80 - 6.084

"" 0.716 m

12 (a)

Free surface effect ==.Ri
0.8 x 9 x 10 X 24J

12 x 25 000

'"' 3.226 m

(b) With centreline bulkhead. free surface effect is reduced to
one quarter of (a).

Free surface effect z::: t x 3.226
== 0.801 m

(c) With twin 10ncitudinaJ bulkheads and equal tanks. free
surface effect is reduced 10 ODe ninth of (a).

Free surface effect == t x 3.226
.. 0.358 m
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SO..l1TIOSS TOlEST EXAMl'US S 199

(d) The only change is in the $econd moment of area.

For cenue tanle.
i _ 9 x lOx 12'

12

9 x 10 1728- 12 x

For WiDi tanks i -
9 x 10 X 6

J
X 2

12

9 x 10 x 432
:: 12

Thus for both tanks i :: 9 ~2 10 (1728 + 432)

:: ~ x 2160

Total fret surface effect = 0.84Xx 3~~160

:: 0.518 m

13.
._._._._-'"

,.,-, ,
• lIOt '

r"
'---~I----~

T­
I
i
i

,-h" ,....----i-'--=----..,
i ! I I 1-._-,,-
i !o.,u. I "

~IO. I J1i-L I I-IT" 1. ,--J'-,

'"
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GM=>mxd
.6 tan 8

=","SO!"c-",X.,.9z,.,,-5~= 12500 x tan 3.5'

z:: 0.994 m

Thus the metacentric height is reduced from UO m to
0.994 m whee the mass is suspended over the quay. Since the
drau&ht does not alter. and hence the transverse metacentre reo
nW.ns in the same position. this reduction in metacentric height
must be due to a rise in the centre of gravity. This rise is due to
the effea of tbe suspended. mass.

Rise in centre of gravity. 1.10 - 0.994­
:: 0.106 m

Let ,., be the distance from the centre of gravity of the mass to
the derrick head.

0.106 •

Then rise in ceDtn of sravity
mass x II

• displacement

80 x h
12 SOO

0.106 x 12500
h - 80

a 16.56 m

14.
r

" /
, ,
/i, ,

/ ..
Fia. T5.9
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SOLtJTlON$ TOTEST EXAMPLES ~ 201

Since the actual centre of gravity GI is below the assumed cen­
tre of gravity G, the ship is more stable, and

GIZ = GZ + GGI sin 8
GG, = 3.50 - 3.00

= 0.50 m

, sin e GO I sin ~ GZ G,Z
0 0 0 0 0

ISO 0.2588 0.129 0.25 0.379
)DO 0.500 0.250 0.46 0.710
4S' 0.7071 0.353 0.51 0.863
60" 0.8660 0.433 0.39 0.823
75" 0.9659 0.483 0.10 0.583
90" 1.000 0.500 -0.38 0.120

! ,HiTI i
, n, ,

'·0 , ,
o.

G z 0.'
• M

0·'

0'

0 ,,. W .,' 6.0· ,," .if
ANGU OF HEel

Fig. T5.10

15. The dynamical stability of a ship to any given angle is
represented by the area under the righting moment curve to that
angle.

, Riallting moment SM Product
0 0 I 0

15' 1690 4 6760
30" 5430 2 10860
45' 9360 4 37440
60' 9140 I 9140-

64 200

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



202 REED'S NAVA!-ARCHlTEC'f1JRE FOR E~G[NEERS

Common interval = ISo
-!L ..

= 57.3 radians

1 IS
Dynamical stability = 3" x 57.3 x 64 200

." 5602 kJ

16. Wall-sided formula GZ = sin 8 (OM + !8M tan: 8)

J
8M = v

82 x l()l x 1.025
= 18000

- 4.67 m
GM == KB + BM - KG

_ 5.25 + 4.67 - 9.24
_ 0.68 m

• ,~. tan' 11 ,BM tan' , GM + ,BMWl'f} ~n e GZ
0 0.0 0.0 0.68 0,0 0
5' 0.0875 0.00766 0.018 0.698 0.0872 0.061

10' 0.1763 0.03109 0.073 0.753 0.1736 0.131
IS' 0.2680 0.07180 0.168 0.848 0.2588 0.219
20' 0.3640 0.13247 0.309 0.989 0.3420 0.338

o•

•
0.,

0·'

o " 100 JSG

"HG~1 Of HHl

Fig. T5.1J

,,/,
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SOLUTIONS TO TlST EXAMPLES ~ 20l

17.

Anale of loll

N KG
7200 x 5.20 - 300 x 0.60

ew,. 7200 300

l7260
~ 6900

= 5.40 m
GM = KM - KG

_ l.ll - l.40
_-0.05m

BM=KM-KB
- l.ll - l.12
= 2.23 m

I 2GM
tan 6 .. ::"\J BM

IQ.TIi
= ::'Jffi

.. :: 0.2118
8,.:11°57'
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SOLUTIONS TO TEST EXAMPLES 6

I () Ch . I' trimmir.g moment
. a angc In rim .. MCT! em

MCTl em =
100 x 75

65

(b)

- 115.4 tonne m

/l X GMl
MCTI em "" looL

US.4 x 100 x 125
12000

(e)

= 120.2 OJ

GG1 ..
mXd

•
•

100 x 75
12000

2.

"" 0.625 m

Bod'I . k mass added
Iysmage= TPC

110
~13

'= 8.46 em

Change in trim = 110 x (24 + 2.S)
80

.. 36.44 em by the stern

Change forward - _ 3(;.44 ('20 _ 2 ,\
120 2 . ')

= - J7.46 em
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SOLUTIONS TO TEST EXAMPLES 6 205

Change aft '= + 36.44 (120 + 2 ~
120 2 '7

3"

'= + 18.98 em
New draught forward '= 5.50 + 0.085 0.175

'= 5.410 m
New draught aft "" 5.80 + 0.085 + 0.190

"" 6.075 m

B d"'· 180olynse""18

- 10 em

Men em "" 14000 x 125
100 x 130

"" 134.6 tonne m

Change in trim"" _ ~180!!L.!'.X',-\'(4!!OL..::....!3~)
134.6

"" - 49.48 em by the stem
"" + 49.48 em by Ihe head

Change forward"" + 4f3~ (1;0 + 3)

"" + 25.88 em

Change aft ""

:: - 23.60 em
New draught forward"" 7.50 - 0.10 + 0.259

"" 7.659 m
New draught aft"" 8.10 - 0.10 0.236

"" 7.764 m
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4. If the drauah! aft remains constant, the reduaion in
draught aft due to change in trim must equal the bodily sinkage.

Bodily sU1ka&' ~ 180
II

- J6.36 em

t
Change in trim aft = - r WF

16.36 x 90
43

"" 34.24 em by the head

B Ch " mxd
ut anae In trim t "" MCTI em

34.24 "'" 180
5
; d

d
34.24)( 50

• 180

- 9.511 m

Thus the mass must be placed 9.511 m forward of the centre
of flotation or 7.511 m forward of midships.

ChatllC in trim forward c + 14~ (~ + 2)

• ti.88 em
New draught forward - 5.80 + 0.164 + 0.179

'" 6.143 m
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5. Change in trim required. = 8.90 - 8.20
= 0.70 m
,., 70 em by the head

10 "" m x d
MCflcm

"" m x (§O + 1.5)
260

70 x 260
m - 61.5

"" 296 tonne

D_." ~_,. 296
DUUJ.1}' ~age - 28

'"' 10.57 em

Changeforwani "" + l~~ (1~ + 1.5)

"" + 35.70 em

CbaJ1ie aft z:: - I~ (t~o - 1.5)

., - 34.30 em

New draught forward = 8.20 + 0.106 + 0.357
= 8.663 m

" New draught aft "" 8.90 + 0.106 - 0.343
= 8.663 m,

(It is DOt necessary to calculate both draughts but this method
checks lhe calculation.)
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6.

M."
W
50
30
70
15

185

distance from F
41.SA
24.SA

3.5A
4.51'

28.5F

moment forward

315
427.5

742.5

moment aft
830

1225
105

2160

Change forward ;;

Bodily sinkage "" 1~5

"" 20.55 em
Exeess moment aft = 2160 - 742.5

"" 1417.5 tonne m

Ch
.. 1417.5

angemtnm '""~

;; 25,77 em by the stem

_ 25.77 (UQ. _15)
110 2 .

Change aft ""

;; - 12.53 em

+ 25.77 (UQ. +
110 2 1.5)

"" + 13.24 em
New draught forward ;; 4.20 + 0.205 - 0.125

"" 4.280 m
New draught aft;; 4.45 + 0.205 + 0.132

;; 4.787 m

7.
M... distance from F m()tllent forward moment aft
+ 160 66,5A + 10 640
+WO 23.5F +4700
-IW 78.5A 9420
- 70 19.5A - 1365--
+ 170 +4700 145
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BodiI . "_. 170
Y $.1D--.s,e - 28

• 6.07 em

Excess moment forward .. 4700 - (- 145)
• 4845 lonne m

C••••. . 4845
U<U46e m trim = 300

= 16.15 em by the head

Change forward • 1~;~S (1~o _ 3.5)

= + 7.74 em

C.··ae aft _ - 16.15 (no 35)
l.I&U 170 \ 2 T -

• - 8.41 em

New draught forward .. 6.85 + 0.061 ... 0.077
.... 6.98tl m

New -draught aft .. 7.50 + 0.061 - 0.084
.. 7.477 m

8.
1<- ..... Lo. moment forward moment afl

Liahtwei&h· 1050. 4.64A 4872.0
c.rao 2150 4.71F 10 126.5
Fud 80 32.55A 2604.0
Water 15 32.90", 493.5
5<_ 5 33.601' 168.0--

3300 10294.5 7969.5

Exca.s mommt forward _ to 294.5 - 7969.5
• 2315 tonne m
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210 REID'S NAVAL ARCHlTECTtIRE FOR ENGINEERS

LeG of I~ded ship ,. ~~

... 0.704 m forward of
midships.

The mean drau!ht, MeTl em. LCB and LCF may be found
by interpolation from the tabulated values.

DispJacement dJfferencc 4.50 m to 5.00 m
- 3533 - 3172
= 361 tonne

Actual difference required 'E: 3300 - 3172
... 128 tonne

Proportion of draught difference ., ;~~

Actual drau&ht difference'" 0.50 x j~~

= 0.50 x 0.355
... 0.177 m

mean clrau,cht '" 4.50 + o.ln
". 4.677 m

MCT1 em difference 4.50 m to '.00 m
- 43.10 - 41.26
... 1.84 tonne m

Actual difference ... 1.84 x 0.355
E 0.65 tonne m

MeTl em. :E 41.26 + 0.65
- 41.91 tonne m

LCB difference 4.50 m to 5.00 m = - 0.24 m

Actual difference·... - 0.24 x 0.355
- - 0.085
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soumONSTOTESTEXAMPUS6 211

LCll : 1.24 - 0.085
z:: 1.155 m forward of

midships
LCF diff~ 4.50 m 10 5.00 m :: 0.43 m

Actual difference ::<: 0.43 x 0.355
.. 0.153

.' . LCF a 0.84 + 0.153
"" 0.993 m aft of midships

~~-

t----'..55m-.-.~'"

i IG i
1--0.,.. m-'" i
. I¢ .. j.

Fig. T6.1

Trim.miug lever "" 1.155 - 0.704
%: 0.451 m by Ihe slem

Trimming moment z:: 3300 x 0.451

T
. 3300 x 0.451

nm = 41.91

"" 35.51 em by the stem

Chanle forward:: - 35io1 (~+ 0.993)

= - 18.20 em

Change aft z:: + 35it,1 (~- 0.993)

.. + 17.31 em

Draulht forward - 4.677 - 0.182
.. 4.495 m

Draulht aft E 4.677 + 0.173
"" 4.850 m
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9. Chan&e in mean draught -1004
c--

A. 0.~ : ~~)

~ lOOx IS 000 ( 1.022-I.00S\
1950 1.005 x 1.022)

= 12.73 em

Since tbe vessel moves from river water into sea water. (he
draught will be redu~d.

10. Let Qs = density of sea water in kg/mJ

OS - 1005 10 x 1500
loo5Qs • 7000 x 100 x 1000

Qs _ 1005 _ 10 x 1500 X IQOSDs
7000 x 100 x 1000

• 0.02153 Qs

115 (l - 0.02153) • 1005

IOOS
es • 0.97847

- 1027 kg/mJ
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SOLUT1ONS TO 'lBT £XA.\IIPu:.s 6

11.
!CIfdinale SM ."",~

0 1 0
2.61 • 10.44
3.68 2 7.36
4.74 • 18.96
5.84 2 J1.68
7.00 4 28.00
7.30 2 14.60
6.47 4 25.88
5.35 2 10.70
4.26 • 17.04
3.16 2 6.32
1..8& • 7.52
0 t 0

lSS.SO

Common interval :c: ~ m

Waterplane area = i x ~ x 158.50

= 792.5 m~

213

<aJ TPC _ 79•.5 x 1.02'
- 100

= 8.11S

(b) Mass required '£: 12 )( 8.115
- 97 .38 tonne

. 8200 x 100(1.024 - 1.005)
(c) Chanj;e In mean draught :c: 792.5 1.005 x 1.024

= 19.10 em increase
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12. Let 6 "" displacement in sea water
Then (6 - 360) == displaoement in fresh water

Volume of displacement in sea water

•"" i]25mS

Volume of displacement in fresh wlUer

6-3(0)
"" 1.000 m

Since the draught remains constant, these two volumes must
be equal

• 360 •
1.000 == i':02S

1.025 b. - 1.025 X 360". 6
0,025 6 '"' 1.02.5 x 360

A == 1.025 x 369
0.025

Displacement in sea water'" 14 76{) tonne

13 Ch · d h .5200 x 100 fJ.C123 - 1.002)
. ange m mean rau, t ... 1100 \1.002 x 1.023

,.. 9.68 em increau:

MCTI 5200 x 95
em:z 100 x 90

"" 54.88 tonne m

FB. 0.6 + 2.2
"" 2.8 m

Chan
. . to x FB (ps - 0 ..)

Ie 10 tnm:. MCTl em x Qs

~ ~5200!!!!..Jx~24·8~{l!I~.0~Z31"i;-;-!'1."00,,,,2)
54.88 x 1.023

:: 5.45 em by the head
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Change forward '" + 5:05 (~ + 2.2)

= + 2.86 em

Change aft '" _ 5~S (~ - 2.2)
::a - 2.59 em

New draught forward = 4.95 + 0.097 + 0.029
"" 5.076 m

New draught aft ;;: 5.35 + 0.097 - 0.026
= 5.421 m

215

. 22 000 x 100 ~ 1.026 - 1.007 \
14. Changemmeandraught '" 30601.007 x 1.0267

::a 13.22 em reduction
.

Ch . . 22 000 x 3 (1.926 - 1.(07)
ange 10 trim"" 280 x L007

'" 4.45 em by the stern

Cbange forward = _~(I60+ 4)
160 2

"" - 2.34 em

"" + 2.11 em

New draught forward ... 8.15 - 0.132 - 0.023
= 7.995 m

New draught aft = 8.75 - 0.132 + 0.021
= 8.639 m
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15. (a)
Volume of lost buoyancy - 12 x 10 x 4 m)

Area. of intact waterplane '" (60 - 12) x 10
'" 48 x 10 m1

1.2~X~10,,--!-X~4IDaease in draught = - 48 x 10

• I m

New draught =: 4 +
·'m

(b) Volumeoflosl buoyancy = 0.85 x 12 x 10 x 4 ml

Area of iataet waterplaoe ,. (60 - 0.85 x 12) x JO
_ 49.8 x 10 m1

Increase in draught = 0.85 x 12 x 10 x 4
49.8 x 10

c 0.819 m

N"" draught = 4 + 0.819
• 4.819 m

(c) V~ume oflost buoyancy. 0.60 x 12 x 10 x 4 mJ

Area of i.ntaet waterplane • (M - 0.60 x 12) x )0
= 52.8 x 10 m1

I . ._ ghl 0.60 x 12 x 10 x 4
nc:rease m .......u· 52.8 x 10

• 0.545 m

New draught = 4 + 0.545
• 4.545 m
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SOLUTIONSTOTEST EXAMPUS (;

16. Density of coal = 1.000 x 1.28
- 1.28 I/ml

Volume of 1 tonne of solid coal

__1_

1.28

"" 0.781 mJ

Volume of 1 tonne of stowed coal
"" 1.22 ml

217

.". in every 1.22 ml or volume. 0.439 mJ is available ror water

Hence

17.

P bili· 0.439
ermea ty p. - 1.22

= 0.3598

. 0.3598 x 9 x 8 x 3
Increase m draught = (50 _ 0.3598 x 9) x 8

- 0.208 m

New draught = 3 ... O.Z08
= 3.208 m

Fig. T6.2
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(a) Volume oflost buoyancy = 9 x 12 x 3 m'

Area of intact waterplane = 60 x 12 m1

(Since the water is restricted at the flat, the whole of the water­
plane is intact.)

9 x 12 x 3
Increase in draught = 60 x 12

= 0.45 m

New draught = 4.5 + 0.45- 4.95 m

(b) Volume of lost buoyancy = 9 x 12 x (4.5 - 3) m)

Area of intact waterplane = (60 - 9) x 12 m2

Increase in draught
9 x 12 x 1.S= 51 x 12

= 0.265 m

New draught = 4.5 + 0.265
= 4.765 m

18. Mass of barge and teak = 25 x 4 x 1.2 x 1.000
. = 120 tonne

Mass of teak = 2S x 4 x 0.120 x 0.805
= 9.66 tonne

Mass of barge = 120 - 9.66
= 110.34 tonne

If it is assumed that the teak. is rust removed and then the
compartment bilged:

Draught when teak removed .,..,=-,,11",0~.30'4...,.,.....,
"" 1.000 x 25 x 4

= 1.1034
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1BI::rase in draught due (0 bilging

s x 4 x 1.1034= (25-1)4

.. 0.2758 m

Final draught - L 1034 + 0.2158
-= 1.379 m

219

19. It has been convenient to consider this as a three-part
qUeslion. but anyone part could constitute an examination
question.

<a)

I' -100..--·--
•

~'~.f""'r"'.---f,' .- c•
• ". c

1. ,I .1'-'- ',',"
.1. · ,. '~'.' .

l- • I-.. ...j-".
rlg. T6.3

,. 0.34$ m

New mean draught • 4 + 0.348
=- 4.348

KB ~,- 2

• 2.174

• 162.22

GM, == 2.11 + 162.22 - 3.00
• 161.39
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Change in trim = ~z./

_ SO x 100 x 8
- 161.39

- 247.8 em by tbe head

247.8(100 ~Change forward:::: -+ 100 T -+ ,

= + 133.8 cm

Change aft = _ 247,8 (100 _ 4)
100 2

"" 114.0 em

New draught forward = 4.348 + 1.338
"" S.686 m

New draught aft = 4.348 - 1.l40
"" 3.208 m

(b)

-100.­..

Fig, T6.4

Volume of lost buoyancy -' 8 x 12 x 2 m1

Area of intact wattrplane -' tOO x 12 m~

Increase in draught ,. 81~ 1';

.-: 0.16 m

x 2
12
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SOLUTtONS TO TEST EXAMPLES 6 221

New draught"" 4.16 m

KBt "" 2.08 m (approx.)

1"" i1 x l()()l x 12

"" 1.0 x 10' me
v "" L B d

"" 100 X 12 x 4

1.0 x 1()6

"" 208.33 m

GMr "" 2.08 + 208.33 - 3.00
"" 207.4l m

8Mr .. 100 X 12 x 4

-
To find the longitudinal shift in the came of buoyancy, con­

sider the 'Volume of lost buoyancy moved to the centre of the in­
tact walerplane, which in this ca..K is midships.

BB "" 8 x 12 x 2 x (SO 4)
) 100 x 12 x 4

"" 1.84 m

Trimming moment"" b. .BBI

MCTI em = b. x GMt
100 L

b. x 207.41
= 100 x 100

Change in trim _ .!.1".8"4'-"Xd'I00io/,--"x,-,I,,,,-00
207.41

= 88.71 em by the head
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Change forward - + 88.71 x SO
100

= + 44.36 em

Change aft = _ 88.71 x 50
100

= - 44.36 em

New draught forward = 4.16 + 0.444
= 4.604 m

New draught aft = 4.16 - 0.444
= 3.716 m

"j r-- 100 __ -j•.,, .. • , , • , , , . -
[

oj Gt-, '.~'. '. -l-•• 't l .... ,.
•.L 11------".-_._---+..-J

FiC. T6.S

-•

Volume of lost buoyancy = 8 x 12 x 2 mJ

Area of intact waterplane :a (100 - 8) x 12 m2

lncrease in drau&hc = ~S""x--,;[2""x,;-,,2;o;
(100 8) x 12

= 0.174 m

New drauaht c 4.174 m

KB1 - 2.087 m

I, = fz X 92l x 12

= 778688 mJ

v = 100 x 12 x 4
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8M _ 778688
IL-4800

= 162.22 m

GML = 2.09 + 162.22 - 3.00
"" 161.31 m

S
of . 8 x 12 x 2 x (46 + 4)

hi tmeentreofbuoyancyBB I "" 100 x 12 x 4

"" 2.00 m

Ch
.. 2.00 x 100 X 100

ange In tnm = 161.31

"" 124 em by the head

Change forward = + ~~ (1':' + ~

"" + 67 em

223

Change aft ""

= - 57 em

New draught forward ;;: 4.174 + 0.670
"" 4.844 m

New draught aft "" 4.174 - 0.570
= 3.604 m
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SOLUTIONS TO TEST EXAMPLES 7

RI=fSV~

::: 0.424 x 3200 x 171•w

- 238900 N
- 238.9 kN

Power=- R, x v

1852
- 238.9 x 17 x 3600

:::: 2089.3 kW

2. At 3 mls

At is knotS

3. At ISO m/min

At 14 knots

RJ - 13 N/m2

(
15 '152) L~

RJ::: 13 x T x 3600

= 83.6OS N/m2

R, - 83.605 x 3800
::: 317 700 N

Power = 317 700 x 15 x ~~

- 2451 SOO W
::z 2451.5 kW

Rj _ 12 N/m2

( '4 1852\'·'
R, = 12 x ISO x 6O)

;E 63.36 N/m2

RJ - 63.36 x 4000
- 253400 N

RJR,,,,,, -
0.7

253400
- 0.7

- 362 <lOu N
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Effective power =:: R, x v

=:: 362000 x 14 X 1852
3600

.2S47800W
"" 2547.8 kW

4. Wetted surface area S "" c:-l""'i:'L

0:< 2.55 "125 x 16 x 7.8 x

0.72 x 1.025 x 125

=- 3059 m1

R,-/Sll'
= 0.423 x 3059 x 17.5J.w
E 24{) 140 N

Power=:: 240 140 x 17.5 x ~~

"'" 2 161 900 W
= 2161.9 kW

s. R, a LJ

&_ 36 x(2~Y

= 288 000 N

.. 13.4J7 knots

Power = 288000 x 13.417 x ~~

• I 987800 W
= 198'7.8 kW
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6. Va ..rL
a .6- t

V"" 16 X
[24000jl
\140007

7. Let

At 3 m/s

At v m/s

and

"" 17.503 knots

R, a .6-

R, - 113 X (;: ::)

"" 193.7 kN

, . speed in m/s

Rj == 11 x 1.025
11.275 N/m2 in sea water

• Rj = 11.275 2500x
• 28 190 N

Rf· 28.19 (iY~kN

..&
R, == 0.72

effective power = R , X V

• 1100 kW

..&0.72 x v = 1100

28.19 ("-3)·92 x v = 1100
0.72 \

v2.J2 =

, =

1100 x ..QJL x 31.92
28.19

6.454 m/s

3600
V == 6.454 x 1852

= 12.545 knots
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R. ::: 35 N in fresh water
.. 35 x 1.025
'"" 35.875 N

0.773
f .. 0.417 + 6 + 2.862

". 0.417 + 0.0872
- 0.l042

RJ .. 0.5042 x 7 x 31.1lJ
• 26.208 N

Ship:

Rr ::: R, - Rf
- 3l.87l - 26.208
~ 9.667 N

R,a L'

R, ::: 9.667 x ~~y

- 77336 N
Sa. Ll

(
1201 'S==7x 6)

.'.

.. 13.416 koots

0.773
f· 0.417 + 120 + 2.862

.. 0.417 + 0.0063
- 0.4233

RJ • 0.4233 x 2800 x 13.4J6l-w
- 131400 N

R, == 77 336 + 135 400
• 212736 N
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Effective power (naked) = 212736 x 13.416 x i:
= 1468.2 kW

Effective power = epn x SCF
= 1468.2 x 1.15
= 1688.4 kW

=

9.

10. (0)

(b)

11.

.cd VJ
sp = -e-

120001 x 163

550

= 3903 kW

2800
_ t:.t x 143

- 520

I 2800 x 520
b. = 143

A = 12 223 tonne

New speed := 0.85 V
= 0.85 x 14

sp 0: V 3

!l!1 _ (v, "I
sp~ - V)

(
0.85 X

sP: = 2800 x 14

= 1720 kW

,
2100 := 8000r x VJ

470

VJ _ 2100 x 470
- 8000i

V:= 13.51 knots
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12. (a) A ., 150 X 19 X 3 X 0.68 x 1.025
= 15 890 tonne

,p -
15890! X 18

'600

(b)

:::z: 6143 leW

sp Q R, x V
a VJ X V
Q V'

(21)'sp - 6143 x ~

= 11 382 kW

Note: In practice there will be a gradual increase in the index of
speed.

13. Fuel cons/day

14.

C fuel coefficient tonne

15 OOO~ x 14.5)
62500

- 29.67 tonne

90001 V)
25 = 53500

V' 25 x 53 SOC)
- 9000l

V.. 14.57 knots

15. At 16 knots: time taken ::: 162f:Y!24

>:: 5.209 days

total consumption .. 28 x 5.209
"" 145.8 tonne

But total consumption CI VJ
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230 REED'S NAVAl. AR.C}UnCTURE FOR. ENGINEERS

.'. al 14 knots. total consumption

- 145.8 x G:Y
~ 1l1.6 tonne

Saving in fud :: 145.8 - 111.6
"" 34.2 tonne

16. Total fuel used - L15 - 20
"" 95 tonne

At 15 knots; tOtal consumption for 1100 nautical miles

'1100
"" 40 )( 15 x 24

... 122.3 tonne

But total consumption a Vl

95 VI
iU3 E r;z

V .. IS ~1:'3
:: 13.22 knots

T · k Jlooune ta eo c 13.22

"" 83.18 hours

17. (a) cons I E (~\'
cons 1 I''J

v. (Will\
, \cons I)

VZ • VI {jeans jl

cons I

-Jl.15 x 23
z 14

23

- 14.67 knots
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SOLlInONS TO TEST EXA.,\.fPUS 7 231

(b) V~ = 14 _'/0.88 x 23
" 23

(c)

_ 13.42 knou

V~ = 14~

= 12.90 knots

18. Fuel consumption/hour c 0.12 + 0.001 V) tonne
:::I 0.12 + 0.001 x I.)
:: 2.864 tonne

(a) Over J700 nautical miles;

total fuel consumption :: 2.864 x I~~

:: 347.7 tonne

(b) Saving in fuel:: 10 t/day

10
:: 24 tlb

.. new fuel consumption -= 2.864 - ~

E 2.447 t1h
2.447 ... 0.12 + 0.001 V'

0.001 V' ::: 2.447 - 0.12
V' = 2327

V = 13.25 knots

19. Let C = normal consumption per hour
V. normal speed.

For fast 8 hours:
speed K J.2V

cons/h _ C x (l.~~J

... 1.728C
cons for 8 hours :I:: 8 x J.728C

= 13.824C
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232 REED'S NAVAL ARCHITECTURE FOR ENGINEERS

For next 10 hours:
speed = 0.9V

cons/h = C x (O.~~j

= 0.729C

cons for 10 hours = 10 x O.729C
= 7.29C

For remaining 6 hours:
speed = V

cons for 6 hours = 6C

Total cons for 24 hours = 13.824C + 7.29C + 6C
= 27.114C

Nonnal cons for 24 hours = 24C

.. Increase in cons = 27.114C - 24C
= 3.114C

'70 increase in cons = 3l:~C x 100

= 12.9707"

20. Let C ::= consumption per day at 18 knots

Then C - 22 = consumption per day at 14.5 knots

C C 22 = C~~5)J

= 1.913

C= 1.913C - 1.913 x 22

0.913C = 1.913 x 22

C- 1.913 x22
0.913

= 46.09 tonne/day
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21" At 17 knots: cons/day ;0 42 tonne

At V knots: cons/day;o 28 tonne

But at V knots: cons/day ;0 USC

2JJ

Where C;o 42 x (;:;Y
U8C = 28

28 ;0 1.18 x 42 x(t;)
173 x 28

Vl = 1.18 x 42

17 / }S
V"1.18 x 42

;0 14.06 knots
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2.

SOLUTIONS TO TEST EXAMPLES 8

. PxNx(IJ
Theoretical $peecl Vr :. 18~2

5 X 105 x 60
• 18.52

'" 17.01 knots

Apparent slip '"' Vr - V x 100
Vr

17.01 14 100
17.01 x

'"' 17.700lt

Speed of advance V.:II: V (l - w)
- 14 (l - 0.35)
"" 9.10 knots

R aI I, Vr Y
T

V, x 100e up'"

,. 17.01 9.10 x 100
17.01

.... 46.50.,..

p
P - [j

PitchP""'pxD
• 0.8 x .s.S
- 4.4 m

The<> ·caI..-.1 V 4.4 x 120 x §O
retl s~ T '"' 1852

=- 17.11 knots
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SOl.UTtONS TO TEST EX/I..."IPLES II

Real slip = Vr ;r V, x 100

0.35 :. 17.11 - V,
r7.)1

Speed of advance V, - 17.11 (l - 0.35)
= 11.12 knots

V. - V (J - w)

Ship speed V "" ~IV
- w

235

- 11.12
0.32

= 16.35 knOts

Apparent slip oc
Vr ­

V,
v x 100

17.11 - 16.35
17.11

= 4.44'iG

x 100

3. •
C"""LxBxdxQ

12400
"" 120 X l7.5 x 1.5 X 1.025

- 0.7611

W ." 0.5 x 0.768 - 0.05
- 0.334

Speed of advance V, :::a V (1 - w)
- 12 (J - 0.334)
::: 7.992 knots
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Real slip "" Vr V
r

V, x 100

O.30VT "" V,. - 7.992

• 11.42 knots

But

.. Pilch

V PxNx6IJ
T - 1852

p • ~I<;1,,,4Z~X'--718~5,,,2
100 x 60

= 3..52 m

4.

Diamer.er D :: ~
p

3.52
• 0.75

= 4.70 m

A Ii 11.42 - 12 100
pparent s p = 11.42 x

• - 5.08'"

Thee ·cal......-.l. V _ 4.8 x 110 x 60
feu ~............ T 1852

= 17.11 knOts

Apparent slip Vr - V x 100 ... (I)-s· V,

Real slip + 1.5s II<
Vr - V, x 100V,

V. = 1'(1 - w)
• O.75V
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.'. Real slip + L5s ... Vr - O.75V
VT

x 100 ... (2)

Multiply (I) by J.l

- 1.5s =- Vr - V
1.5 X v

r
X 100 ... (3)

Addinc (2) and (3)
Vr - O.1$V

VT x 100 ~
VI - V

1.5 X V
r

x 100 • 0

Hence v,. - 0.15V+ 1.5Vr -1.5V "" 0

2.25 V :. 2.5Vr

V,. 2~ts x 17.11

• 19.01 knots
Substitute for V in (i)

17.11 - 19.01 x 100
- s =- 11.11

Apparent slip c - ) 1.1O'lt

Real slip .. 1.S x (- 11.10)
• + )6.66010

5. Th
_,_. ~ V 4.3 x 95 x 60

eor~ s~v r· 18'2

= 13.23 knOts

Real II 0 28 13.23 V.
s p. :. 13.23

V. _ 13.23 (I 0.28)
,. 9.53 knots

Effective disc" area A c ; (V - d l)

... 16.18 m2
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Thrust T .. Q A $ p2 11 2

= 1.()2jXI6.18XO.2IlX4.31X(:6)~

.. 215.2 k.1i

Thrust power • T x v.

.!.lli• 21.5.2 x 9.53 x 3600

• 1055 kW

6.

7.

TINl ... T1 N2

17.5 x lIS .. T1 X 90

T, ~
17.5 x lIS

90

Thrust pressure 'II 22.36 b

T, •

8.

19 5 ~ .lJ!lJ.= . X O.88Vl
X 3400

Thrust pressure c 111.9 b

tp .. 2550 kW

d tp
P ... propeller efficiency

2550
... 0.65
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_ dp
sP - transmission efficiency

2150
,., 0.65 x 0.94

. sp
IP - mechanical efficiency

2110
:::z 0.65 x 0.94 x 0.83

Indicated power"" 5028 kW

ep""dpxQPC

25SO:::: o:6S x 0.71

Erreaive po~cr ::z: 2185 kW

b l VI
5p:::: -C-

Vl :::: sp X C
.l

_ 2550 x 420
- 0.65 x 0.94 15 oooi

Ship speed V = 14.23 knots

9. Theoretical speed Vy • 4 x 1i5

:::: 8.33 m/s

239

Real slip ...
VT - v,

'1

O36 "" 8.33 - v,
. 8.33
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v. = 8.33 (1 - 0.36)
"" 5.33 m/s

But

10.

11.

tp "" dp x propeller efficiency
"" 2800 x 0.67
"" 1876 kW

tp "" T x Va '

1876 :IE T x 5.33

T
_ 1876
- 5.33

Propeller thrust"" 351.8 kN

Pitch = tan (J x 2TR
"" tan 21.5 0 x 2... x 2
"" 4.95 m

40
tan8=m

= 0.3478

e = 19° 10'

Pitch = 0.3478 X 2... x 2.6
= S.682 m

. e horizontal ordinate
SIn = blade width

width "'" sin 1: 10'

= 121.8 em
= 1.218 m
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Bu1

aDd

2.

SOLUTIONS TO TEST EXAMPLES 9

Ship.pc«! • 18 knots

• 18 x 1852
3600

= 9.26 m/s

Torque T ,. F sin Ot x b
::c 580A ~ sin Q' X b
= 580x25x9.2@xO.S736xI.2
_ 8SS 816 Nm

T q
7'"" r

J-~- Z

855816 X 2
- ,.. X 85 X 10'

r "" 0.1858 m

Diameter = 0.3'16 m
• 312 mm.

Torque T,.. 580 A v2 sin a x b

'"" 580 x 13 x (14 ~8S2)2 x 1.1 sin Q'

'"' 430 226 sin a
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AngI," sin a T SM product
0' 0 0 1 0

10" O. !736 74690 4 298760
20' 0.3420 147 140 2 294 280
30' 0.5000 215 110 4 860 440
40' 0.6428 276550 1 276550

1 730030

C . al 10ommon mterv = 57.3

1 10
Work. done = 3" x 57.3 x 1 730030

= 100 640 J
;; 100.64 kJ

3. Rudder area _ L~ d

150 x
60

85

Torque T = l..Jz,

= ! X O.16J X 70 x IQ62

= 0.4504 x 1()6 Nm

0.4504 x 1()6 = 580 x 21.25 x v2 x 0.9 x
sin 35°
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0.4504 X 10'
v: :II: 580 x 21.25 x 0.9 X 05736

v := 8.414 m/s

Ship speed V _ 8.414 x~

:a 16.35 knots

4. Normal force on rud.der F~

.. S80 A v"' sin a

Transverse force on rudder F1

• 580 A v"' sin a COS Q

• SBOx 12x ~6~52)1X sin 35· cos 3S·

• 221600 N
= 221.6 kN

Fe X NL
tan9-b, xgxGM

221.6 X 1.6
= 5000 X 9.81 X 0.24

• 0.0301

An&It of het! 8 = )0 43'

$. Speed of ship V - 17 knots

v .. 17 X~

= 8.746 m/s

- 9.81 X 450 X (7.45 - 7.00)

tan8 .. v"'xGL
g X Q X GM

8.7462 X (7.00 - 4.00)

= 0.115$
ADale of heel 8 = 6° 3S'
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SELECTION OF EXAMINATION QUESTIONS
CLASS 2

~ -uti wifJI ..,~~ bIft" -'«tedI~~ 01 T,....n
".,.n Mil _ '.~ b7 btd~ Q/ T1w e-o&r 01 H". u.je$lT'J
~OjJb.

fQtosrilMJ -*«J ......~ a.w .... Jid«t«I fro- SC'OT'YEC ,.., ...t «r
•."iiJdwwJ b1 t.iIIIJ~ oJIlwir Cowtdl.

1. A box baric is IS m 10DI, 6 m wide and floats in water of
1.016 tim] al a draught of 3 m. 150 tonne cargo 1s now added.
Calculate the load exened by the water on tbe sides. ends and
bottom.

2. A ship bas a load displacement of 6000 tonne and centre of
gravity S.30 m above the keel. 1000 tonne are tbcu removed
2.1 m above the keel. 300 lonne moved down 2.4 m, 180 tonne
placea on board 3 m above the keel and 460 lonne placed on
board 2.2 m above the keel. Find. the new position of the centre
of gravity.

3. A ship of 8000 tonne displacemC'Dt floats in sea water of
1.()2j tim' and has a TPC of 14. The vessel moves into fresh
water of 1.000 tim) and loads 300 tonne of oil fuel. Calculate
the chanar.: in mean draught.

4. The wetted surface area of one ship is 400Je that of a similar
ship. The displacement of the latter is 4750 tonne morc than the
former. Calculate the displacement of the smaller ship.

5. A ship of 9000 tonne displacement floats in fresh water of
1.000 tlIn' at a dr.aught SO mm below the sea water line. The
wuerplane area is 1650 m1. Cakulate the mass of car'O which
must be added so that when tnterinl sea water of 1.025 tim' it
floats at the $ea water line.

6. The effective power of ship is 1400 kW at J2 knots. the
propulsive efficiency 65.,. and the fuel consumption
0.3 kg/kW h. based on shaft power. Calculate the fuel required
to travel 10000 nautical miles at 10 knots.

7. A ship is 60 m long, 16 m beam and has adraughtof5 min
sea water. block coefficient 0.7 and waterplane area coefficient
0.8. Calculate the draught at which it will float in fresh water.
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8. A tank lOP IDIIDboIe O.SO III wide and 0.65 m long has semi·
circular CDds. Tbe studs are pitched 30 mm outside the tine of
bole aDd 100 ... apart. The cross-sectional area of tbe Muds
buwca.dInsds is 350 nun2• The tank is flIled with sah water
to a MilIaof 70S m up the soundina pipe. Cakulate the suess in
tIle_

.. l." -...u vessel has tbe following panieulars before
•• ".• are carried out. Displacement 150 lonne, OM
CtASm. KG 1.98 m, KB 0.9 m, TPC 2.0 and draUght 1.65 m.

After modification, 20 tonne has been added, Kg 3.6 m.
Cakuwe tbe new GM assuming constant waterplane area over
the change in draught.

10. A ship displacing 10 000 tonnc and travelling at J6 KnOU
has a fud consumption of 41 tonDe per day. Calculate the
consumption per day if the displacement is increased to 13 750
tonne and the speed is increased to 17 knots. Within this speed.
range, fuel consumption per day varies as (speed)l-l.

J 1. The 1- ordinates of a waterplane 320 m long are 0, 9. 16.
23.25.25.22. IB and 0 m respecti~ly. Calculate:

(a) waterplane area
(b) TPC
(c) waterplane area coefficient.

12. A double bottom tank is filled with sea water to the tOp of
the air pipe. The pressure on the outer bottom is found to be
1.2.0 bar while the pressure on the inner bottom is found to be
1.05 bar. Calculate the height of the air pipe above tbe inner
bottom and the depth of the tank.

13. A ship 125 m long and 11.5 m beam floats in sea water of
1.025 tim' at a draught of 8 m. The waterplane area coefficient
is 0.83, block coefficient 0.759 and midship section area
coefftcient 0.98. Calculate:

(a) prismatic coefficient
(b) TPC
(c) change in mean draught if the vessel moves into river

water of I.016VrnS.

14. At 90 rev/min a propeller of 5 m pitch has an app.tIent
slip of ISCllt and wake fraction 0.10. Calculate the real slip.
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15. A hopper baree of box form SO m lona: and JO m wide
floats at. drauaht of2 m in sea water wben the hopper, which is
15 m 10111 and 5 m wide, is loaded with mud having relative
density twice that of the sea water, to the level of the waterline.

Doon in the bottom of the hopper are now opened allowing
the mud to be discharged. Calculate the new draulht.

16. It is found that by reducinJ the fuel consump(ioo of a
vessel 43 tonne/day, the speed is redu.ced 2.2 knots and the
savini in fuel for a voyage of 3500 nautical miles is 23"'.
Determine:

<a) lhe oriainal daily fuel consumption, and
(b) the original ,peed.

2<6 REED'S NAVAL AAOIJTECTVR£ FOIl ENGINEERS

~
J
\,

17. A ship of 7000 tonne displacement, having KG 6 m 'and
TPC 21. floats at a draught of 6 m. 300 tonne of eargo is now
added at Kg 1.0 m and 130 tonne removed at Kg 5 m. The rmaJ
drauabt is to be 6.S m and KG $.8 01. Two holds are available
for additional caraa, one havina Kg 5 m and the other Kg 1 m.
Calculate the mass of carlO to be added to each hold.

18. A block of wood of unifonn density has a comtant cros.Y
section in tbe form of a triangle. apex down. The width is 0.5 m
and tbe depth 0.5 m. Jt floats at a drauaht of 0.45 m. CalcuJate
the meu.centric height.

19. The wue:rplane area of a ship at 8.40 m draught is
1670 Ill). The areas of successive .....aterplancs at 1.40 m intervals
below this are 1600, 1540. 1420. 1270, 1080 and 690 m!
respeaivdy. Calculate the displacement in fresh water at 8.40 m
draught and the draught at whicl) the ship would lie in sea water
with the same displacement.

20. A floating dock ISO m JODg. 24 m overall width and 9 m
drauiht consists of a rectangular bottom compartment 3 m deep
and rectangular wing compartments 2.S m wide. A ship with a
drauaht of 5.S m is floated in. 4000 tonne of baUast are pumped
out of the dock to raise the ship 1.2 m. Calculate t~ mean TPC
of tbe ship.

21. A ship of 7500 tonne displacement has its centre of Ifavit)'
6.5 m above the keel. Structural alterations are made. when 300
tonne are added 4.8 m above the keel. 1000 tonne of oil fuel are
then added 0.1 m above the keel.
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(a) Calculate the new position of the centre of gravity.
(b) Calculate the final centre of gravity when 500 tonne of

oil fuel are used.

22. A ship of 15 000 tonne displacement floats at a draught of
7 m in water of 1000 tim'. It is required ,to load the maximum
amount of oil to give the ship a draught of 7 m in sea water of
t.025 tIm'. If the waterplane area is 2150 m 2, calculate the mass of
oil required.

23. A bulkhead 12 m wide and 9 m high is secured at the base
by an angle bar having 20 mm diameter rivets on a pitch of
80 mm.. The bulkhead is loaded on one side only to the top edge
with sea water. Calculate the stress in the rivets.

24. The t" ordinates of a waterplane 96 m long are 1.2, 3.9,
5.4, 6.0, 6.3, 6.3, 6.3, 5.7, 4.5, 2.7 and 0 m respectively. A
rectangular double bottom tank with parallel sides is 7.2 m
wide, 6 m long and 1.2 m deep. When the tank is completely
filled with oil of US m'/tonne the ship's draught is 4.5 m.
Calculate the draught when the sounding in the tank is 0.6 m.

25. A ship enters harbour and discharges 61170 of its displace·
ment. It then travels upriver to a berth and the total change in
draught is found to be 20 em. The densities of the harbour and
berth water are respectively 1.023 tim' and 1.006 tim' and the
TPC in the harbour water is 19. Calculate the original displace.
ment and state whether the draught has been increased or
reduced.

26. The fuel consumption of a vessel varies within certain
limits as (speedf·t5.If, at 1.5 knots above and below the normal
speed, the power is 9200 kWand 5710 kW respectively, fmd the
nonnal speed.

27. The length of a ship is 7.6 times the breadth, while the
breadth is 2.85 times the draught. The block coefficient is 0.69,
prismatic coefficient 0.735, waterplane area coefficient 0.81 and
the wetted surface area 7000m2. The wetted surface area S is given
by,

v
S = 1.7 Ld·+ d
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Calculate:
(a) displacement in tonne
(b) area of imme~midship section
(c) waterplane area.

28. A ship 120 m long. 17 m beam and 7.2 m draught has a
block coefficient of 0.76. A paral1el wetion 6 m Ions is added to
tbe ship amidships. The midship sectional area coefficient is
0.96. Find the new displacement aod block coefficient.

29. State wbat is meant by the Admiralty Coefficient and
what its limitatioos are.

A ship bas an Admiralty Coefficient of 355, a speed of 15
knots and shaft power 1200 leW. Calculate its displaccmem.

H lite speed is [lOW reduced by 16~. calculate the new power
required.

• 30. A ship of 8100 tonne displacement, 120 m lena and 16 m
beam floats in water of density 1025 kg/m'. In this condition the
ship has the foUowin, hydrostatic data;

Prismatic coefficient - 0.70
Midship area coefficient • 0.98
Waterplane area coefficient - 0.82

A full depth midship compartment, which extends the full
breadth of tbe ship, is flooded. Calculate the length of the
compartment if. after flooding, the mean draueht is 7.5 m.

31. A double bottom tank 1.15 m deep bas transverse Ooors
0.90 IR apart. connected to tbe tank top by rivets spaced 1
diameters apan. When the tank is filled with oil (rd 0.81) to the
top of the sounctinl pipe, the pressure on the outer bottom is
1.06 bar, while the mess in tbe rivets in the tmk tOp is 320 bar .

• Calculate:
(a) the height oj the sounding pipe above the tank top
(b) the diameter of the rivets.

32. A ship of 22 000 tonne displacement has a drau.ht of
9.00m in ri'Jer water of 1.008 tlmJ • The waterplane area is
3200 mJ • The vessel then enters sea water of 1.026 t/mJ •

Calculate the change in displacement as a percentage of the
original displacement in order to:

(a) leeep the draught the same
(b) give a drau&bt of 8.55 m.
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* 33. A ship has a fuel consumption of 60 tonne per 24 hours
when the displacement is 15 500 tonne and the ship speed 14
knots. Determine the ship speed during a passage of 640 nautical
miles if the displacement is 14 500 tonne and the tOtal fuel
consumption is 175 tonne.

34. The TPC values of a ship at 1.2 m intervals of draught,
commencing at the load waterline are 19, 18.4, 17.4, 16.0, 13.8,
11.0 and 6.6 respectively. If 6.6 represents the value at the keel,
calculate the displacement in tonne and state tbe load draught.

35. If the density of sea water is 1.025 t/m3 and the density of
fresh water is 1.000 t/m3 , prove that the Statutory Fresh Water
Allowance is

•40 TPC em.

A ship of 12 000 tonne displacement loads in water of
1.012 t/m3• By bow much will the Summer Load Line be sub­
merged if it is known that 130 tonne must be removed before
sailing? The TPC in sea water is 17.7_

* 36. A collision bulkhead is in the form of an isosceles triangle
and has a depth of 7.0 m and a width at the deck of 6.0 m. The
bulkhead is flooded on one side with water of density
1025 kg/m3 and the resultant load on the bulkhead is estimated
at 195 kN. Calculate the depth of water to which'tbe bulkhead is
flooded.

37. A ship of 8000 tonne displacement has a metacentric
height of 0.46 m, centre of gravity 6.6 m above the keel and
centre of buoyancy 3.6 m above the keel. Calculate the second
moment of area of the waterplane about the centreline of the
ship.

38. A ship has a displacement of 9800 tonne. 120 tonne of oil
fuel are moved from an after tank to a tank forward. The centre
of gravity of the ship moves 0.75 m forward.

The forward tank already contains 320 tonne of oil fuel and
after the transfer 420 tonne of fuel are used. The centre of
gravity of the ship now moves to a new position 0.45 m aft of
the vessel's original centre of gravity. Find the distance from the
ship's original centre of gravity to tbe centre of gravity of each
tank.
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• 39. A ship of 18 000 tonne displacement carries SOO tonne of
fuel. If the fuel coefncienl iJ; 47 250 when the ship's speed is 12
knots. talculale:

(a) the ratlJe of operation of the ship
(b) the percenta&e difference in ral\je of the ship's opera~

tiOD if the speed of the ship is increased by 50J0.

40. Before bunkering in harbour the drauaht of a vessel of
12000 tonne displacement is 8.16 m, the waterplane area being
1625 m2• After loadinl16S0tonne of fuel and enterina sea water
of 1.024 tim). the draught is 9.08 m. Assuming that the water­
plane area remains COD.SU.D.t and nq1ectin& any fuel, etc.,
expeDdecl in moving the vessel. calculate the density of the
harbour water.

41. Describe how an inclining experiment is carried out.
A vessel of 8000 tonne displacement was inclined by moving

5 tonne throup 12 m. The recorded deflections of a 6 m
pendulum were 73, SO. 78 and 75 nun. If the KM for this
displacement was S.IO m, calculate KG.

42. A rectangUlar bulkhead 17 m wide and 6 m deep has a
head ofsea Water on one side only. of 2.S m above the top of the
bulkhead. Calculate:

(a) the load on the bulkhead
(b) tht pressuu at the top and bonom of the bulkhead.

• 43. For a ship of 4600 tonne displacement the metaeentric
height (OM) is O.TI m. A 200 tOMe container is moved from the
hold to the upper deck.

Detennine the anaJe of bed developed if. during this process,
the centre of mus of the container is moved 8 m vertically and
l.l m transVer$dy.

44. The load draucht of a ship is 7.S m in sea water and the
correspoodina: waterplane area is 2100 m1 . The areas of parallel
watet'Planes at intervals of 1.5 m below the load watcrplaae are
1930.1720.1428 and 966 m1 respectively.

Draw the TPC curve. Assuming that the displacement of the
portion below the lowest Jiven waterplane is 'II tonne. calculate
the dUplacernent of the vessel when:

(a) luIIy loaded. and
(b) floating at a draught of 4.5 m in sea water.
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45. Define ~ntre of buoyancy and show with the aid of
sketches how a vessel which is Stable will return to the u;>right
after beiDI heeled by an externa.l force.

A vessel displacing 8000 toDDe has its centre of gravity 1 m
above the centre of buoyancy when in the upright condition. If
the moment tending to right the vessel is 570 tonne m when the
vessel is heeled over 7". calculate the horizont.al distance the
centre of buoyancy has moved from its original position.

• 46. A propeller rotates at 2 rev/s wiUl a speed of advance of
12 knou aDd a rcal slip of 0.30. The torque absorbed by the
propener is 250 kN m and the thrust delivered is }(l() kN.
Calculate:

<a> tbe pitch of the propeller
(b) the thrust power
(c) the delivered power.

47. A box barge 40 m long and 7.5 m wide floats in sea water
with drauahts forward and aft of 1.2 m and 2.4 m respectively.
Where should a mass of 90 tonne be added to obtain a level keel
draught?

• 48. For a box·shaped barge of 16 m beam floating at an even
keel draught or 6 m in water or density 1025 kg/m'. the tonne
per centimetre immersion (fPC) is 17. A rull-depth midship
companment 20 m in length and 16 m breadth has a per­
meability or 0.80.

U the compartment is bilged. determine:

<al lb- drau,ht
(b) the position of the rnetaeentre above tbe keel. ir the

second moment of area of the intact waterplane about
tbe centreline is 7S 000 m·.

49. A box barge is 7.2 m wide and 6 m deep. Draw the meu­
centric diagram using 1 m interVals of draught up to the deck
line.

• SO. A propeller bas a diameter of 4.28 m. pitch ratio of 1.1
and rotates at a speed of 2 rev/so If tbe apparent and true slip
are 0.7'1. and 12'11 respectively, calculate the wake speed.

Piech ratio = p,!J;r:::~;:~~':rr
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*' 51. At a ship speed of 12 knots the shaft power for a vessel is
1710 kW and the fuel consumption is 0.55 kg/kW b.

Determine for a speed of 10 knots:
<a) the quantity of fud required for a voyage of 1500 miles
(b) the fuel coefficient if the ship's displacement is 6000

tonne.

52. A ship of 12000 tonne displacement has a metacentric
height of 0.6 m and a centre of buoyancy 4.5 m above the keel.
The second moment of area of the walerplane about the
centrtline is 42.5 x 10' m4• Calc:ulate heiibt of centre of ,ravity
above keel.

• 53. A box·shaped baree 37 m long, 6.4 m beam, floats at an
even keel draught of 2.5 m in water of density 1025 kg/mJ. If a
mass is added and the vessel moves into water of density
1000 kC/ml, determine the magnitude of this mass if the
forward and aft draughts are 2.4 m and 3.8 m respectively.

54. A ship of 7200 [anne displacement has two similar
bunkers adjacent to each other, the capacity of each being 495
tonne and their depth 9.9 m. If one of the bunkers is completely
full and the other completely empty, find how much fuel must
be transferred to lower tbe ship's centre of gravity 120 mm.

55. A ship of 1000 lonne displacement has KM 1.30 m.
Masses of 150 tonne at a centre 3.0 m above and 60 tonne at a
centre 5.5 m below the original centre of gravity of the ship are
placed on board. A ballast tank cantainin. 76 tOMe of water at
Kg 0.60 m is then discharged.

Cakulate the original height of tbe ship's centre of Jravity
above the: keel if the final metaeentric height is O.SO m and KMis
assumed to remain constant.

t 56. A wallsided ship 120 m long floats at a draught of 3.5 m
in sea water. The waterptane area has the foUowln& half
ordinates:

SWioG 012345618910
Half breadth m 0.1 2.4 5.1 1.4 8.4 8.4 8.4 7.4 5.1 2.4 0.1

A central midship companment 24 m IonS utendinl to the
full breadth of the: ship, and having a permeability of SO.,., is
bilged.

Calculate the new draught.
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ClASS 2 EXA.loflNATlON QUESTlOSS

t 57. (a) State FOUR precautions to be taken when arrying out
an inclining experiment.

(b) A vessel is inclined in the following condition:

displacement
transverse metacentre above keel
transverse shift of inclining ballast
mass of inclining ballast
length of inclinine pendulum
deflection of pendulum

5500 tonne
7.5m
12m
15 tonne
8.0m
O.25m

The foUowing changes are then made to the loadins condition
of the ship:

(i) mass removed: ISO tonne. Kg 9.75 m
(ii) mass added: 220 tonne, Kg 9.0 m.

Calculate tbe final distance of the centre of gravity above the
keel (KG).

t 58. For a ship of displacement IS 500 tonne, 138 m long and
18.5 m beam. the even keel draught is 8.5 m in sea water of
density 1025 kg/mJ • The propeller pitch ratio is 0.83, and at
1.92 rev/! tbe speed of the ship is IS.5 knots with a real slip ratio
of 0.35. The Taylor wake fraction W, "" O.S C. - 0.048, and
abo

w; _ 1 _ speed of advance
• - sbip speed

Calculate the pitch and diameter of tbe propeller.

t 59. <a) A barge of constant triangular cross-section floats
apex down at an even keel draught of 5 m in sea water of density
1025 klJ'mJ • The deck is 40 m long, 14 m wide and is 7 m above
the keel. Find the displacement of the barge.

(b) If an empty midship compartment 6 m long extending
to the full width and depth of the barge is bilged. fmel the new
draucht.

t 60. For a propeller of diameter 5.4 m. pitCh ratio 0.875 and
blade area ratio (BAR) 0.46, the developed thrust was 860 leN at
1.87 rev/so when the real slip and. propeller efficiency were
found to be 28'70 and 68'70 respectively. Calculate for this condi·
tion of loading:

<a) the thrust power (tp)
(b) the delivered power (dp)
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2j4 JlEEO·S "'AVAI.. ARCHITECTURE FOR ENGINEERS

(e> the shaft torque
(d) th~ mean pressure on lm blades due: to the thrust load.

Note: pro¢ler tfficivu:y • ~

t 61. A ship 150 m long, 18 m beam. floats at an CVCD ked
draught of 7 m in sea water of density I02S kg/m). The balf
areas of immersed sections eommeocing from the after
perpcncficuJar (AP) af"

Swion a I 2 3 4 5 6 7 8 9 10
Half areas of immersed
sections(m') 10 26 40 59 60 60 60 S6 38 )4 4

Calculate:
(a> the displacement
(b) the block coefficient
(c) the prismatic coefficient
(d) the midship section area coefficient.

t 62. A conical buoy, 2 m diameter and 3 m high. made of a
homogeneous material of density 800 kglm' floats apex down in
sea water of density I02S ka/nt'.

Given tbat the secood moment of area of a circular plane

about its diameter is E:' m·. calculate:

Ca> the draught at which the buoy will float
(b) th~ metaeelltric height (OM) of the buoy.

t 63. A ship's propeiler bas a diameter of 5.5 m and a pitch
ratio of 1.0. At a speed of 20 knots the delivend POWcf is
7300 kW 11 a shaft speed of 2.2 rev/s.

The tranqnjssion efficieucy is 97'11. propeUer efficie:Dcy is
61", the propulsive coeff1cieo.t based on shaft power is 0.53 and
1M rt:al. slip ratio is 35".

Determine:
(al the thrust power
(b) the TayloI' wake fraction
(c::l the ship resistance.

t 64. (a) An expression used for the calculation of ship
frictional resistance is:
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CLASS 2 EXAMI~AnoN CtlESTTONS 255

(i) Explain the terms S. II and II

(Ii) What ractors influence the value or the coefficient 'f'!
(b) A ship of 12 000 tonne displacement travels at it speed of

14.S knots when deveiopini, 3S00 leW shaft power.
Calculate:

(i) the value of the Admiralty Coefficient
(ll) tbe percentage increase in shaft power required to

increase the speed by 1.5 knou
(ill) the percentage increase in the speed of the ship if the

sbaft power is increased to 4000 kW_
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I.

2.

SOLUTIONS TO CLASS 2
EXAMINATION QUESTIONS

TPC _ AI X 1.016
- 100

= 15 x 6 x 0.01016
= 0.914

Bod·1 . k 150
I Y SID age ., o:9'i4

= 164 em

New draught". 3.0 + 1.64
= 4.64 m

Load on side _ QB A H
= 1.016 x 9.8L x IS )( 4.64 x 2.32
* 1609 kN

Load on end ,., 1.0)6 x 9.81 x 6 x 4.64 x 2.32
• 643.8 kN

Load on bottom -= 1.016 x 9.81 x 15 x 6 x 4.64
- 4162 kN

M~ """"" _ott

6000 5.30 31800
-1000 2.10 -2100

(300) -2.40 -720
180 3.00 -+540
460 2.20 + 1012-
5640 30532

NOl~: The 300 tonne remains on bolU'd and therefore does not
alter the final displacement.

Centre of gravity above k~J "" 3~~2

= 5.413 m
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SOLUTIONS TO CLASS 2EXAMINATION QUESTIONS 257

3. Change in mean draught

= t:. X 100 x 1.025(1.025 - 1.000')
TPC x 100 1.000 x 1.025

8000 x 0.Q25
~ 14

= 14.29 cm increase

TPC in fresh water"" 14 x ~ :~

Bodily sinkage = i~

300 x 1.025
= 14

= 21.96 cm

Total increase = 14.29 + 21.96
= 36.25 cm

4. Let

Then

Now

• (l

S = wetted surface area of small ship
tl '"" displacement of small ship

~ :: wetted surface area of large ship
0.4

6. + 4750 = displacement of large ship
.~S!

• =(5 x 0.4\;
t:. + 4750 S /

= 0.2523.
1:J. = 0.2523 (1:J. + 4750)

- 0.2523) = 0.2523 x 4750

0.2523 x 4750
• = 0.7477

= 1603 tonne
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258 aDD'S NAVAl AIlClmECTUIlE roR ENClNEUS

Cb · gh 9000 X lOO~ .025 - l.OOO~
5. ange 10 mean drau t. 16501.000 x 1.0257

• 13.30 em

Thus new waterline:E 13.30 + 5.0
• 18.30 em below SW line

TPC "" 1650 x 0.01025
- 16.91

Mass of cargo. 18.3 x 16.91
- 309.5 tonne

6. At 12 koots: ep = 1400 kW

1400
sp = O.6~

= 21S4 kW

Conslh :: 0.3 x 2154
: 646.2 kg

Cons/h ex speed'

.'. at 10 knou: cons/h :: 646.2 x G~Y

: 314.0 Ic&

Tune OD voyage :: IOI~

= 1000 h

.'. yoyq:e consumption:: 374 x 1000
:: 374 tonne

7. Displacement t:. = L B d )( Cb )( 1.025

Area of waterplane A.. =. L B x C..
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8.

SOLtJTlONS TO CLASS 2EXAMINATlON QUESTIONS 259

~ C.
A. - 1.02Sd x C.

_ 1.025 x5x 0.7 x 100(1.025 - 1.000)
- 0.8 1.000 x 1.025

= 10.94 em

New draught -= 5.0 + 0.109
= 5.109 m

;:::.-=.=.----::::;: .--I
// ~··I

;; ~ i
0.56_

~ j !
. 'I I
~ -:/,..-....:::__~_._.i

Fig.2E.1

Perimeter of stud line = ... x 0.56 + 2 x 0.15
- 2.059 m

Number of studs ::E ~.~~

= 21

Cross-sectional area of studs = 21 x 350
= 7350 mm1

= 7.35 x 10.3 m1

Effective area of door = ~ x 0.5@ + 0.15 x 0.56

= 0.2463 + 0.0840
= 0.3303 m1
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260 RUO'S NAVAL AaCHlTEcrultE ro. ENGIl\"EEJtS

Load on door E pg A H
E 1.025 x 9.81 x 0.3303 x 7.5
- 24.91 kN

loadStress., -"'..
c 7.35 X 10-1

• 3.389 x 10' kN/mz
= 3.389 MN/mz

9. KM., 1.98 .. 0.45
: 2.43 m

BM = 2.43 - 0.90
• 1.53 m

I·v

1-
1.53 x ISO

1.02S

KG _ ISO x 1.98 T 20 x 3.6
ISO .. 20

297.0 T 72
= 170

.. 2.110 m

lacrease in draught • ~

.. 10 em

150 x 0.9 + 20 (1.65 ... 0.05)
170
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10.

II.

SOUmONSTOC1.ASS2EMMlNAnONQUESTlONS 26)

::II: 13S + 34170
::II: 0.994 m

IE 1.3S0 m

KM1 :E 0.994 + 1.350
• 2,344 m

GM':E 2.344 - 2,170
.... 0.174 m

Fuel cons/day a A iV u

C ('tuNl! (17)'"
41" JOOOO} x R

C 41 (13 750\f (17)'"
'" 100007 )( R

Fuel cons/day ::c 63.81 tonne

~ ord.inale SM ProQUCI

0 I
9 4 36

16 2 32
23 4 92
25 2 50
25 4 100
22 2 44
18 4 72
0 I

426

h w
= 8

-40 ..
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(a) Waterplane area "" 1 x 40 x 426
"" 11 360 mZ

(b) TPC - A. x 0.01025
= 116.44

(e) Waterplaoe area eoefIldent

11 360- 320 x SO

- 0.710

12. Bottom pressure = 1.2 x 10' N/mz

= PI h

1.2 x 10'
h = 102S x 9.81

Heiaht of air pipe above outer bottom
= 11.93 m

Top pressure = I.OS x l(}l N/mz

hI = To1".OS~X;-;;I0',,",102.S x 9.81

Height of air pipe above inner bottom
= 10.44 m

Depth of lank = 11.93 - 10.44
= 1.49 m

13. <a)

0.759
= 0.98

"" 0.7745

(b) Waterplane area = 125 x 11.5 x 0.83
~ 1815.6 m'
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"', w.e i.A, .S2 Jii.2S

TPC • 1&1$.6 x 0.01025
= 18.61

(c) Displacement,. 12$ x 1'.5 x 8 x 0.'59 x 1.025
... 13 615 tonne.

Change. in draught = 13 6JS)( 100
181S.6 (

I.02S - 1.016)
1.016 x 1.025

14.

... 6.4& em

. 5><90x6Q
Theoretical speed V, ,. )852

,.,. 14.58 knOts

14.S8 - V
Apparent slip 0.15 ... 14.58

V. 14.58 (I - 0.15)
= 12.39 blots

12.39 - V~
Wake fraction 0.10 ::0:: 12.39

V. = 12.39 (I - 0.10)
... 11.1 S knots

R-I sli _ 14.58 - IUS
~ P - 14.58

= 0.2352
or 23.S2tf.

IS. Mass of mud in hopper" 2 X 1.025 X IS X 5 X 2
Mass of buoyancy in hopper ... 1.025 x 15 )( 5 x 2

When the. doors are opened. the mud drops out. but at the
same time the buoyancy of the hopper is lost. Since the reduc·
tion in displacement exceeds the reduction in buoyancy, there
will be a reduction in draught.

Nett loss of displacement = 1.025 x IS x S x 2
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264 REED'SNAV..\L ARCHITEcruRE FOR ENOINEERS

Neu--vol~e of lost displacement
/ = 15 x 5 x 2 mJ

Area of intact waterplane = 50 x 10 - 15 x 5
"" 425 m2

:Reduction in draught = 15 x 5 x 2
425

"'" 0.353 m

New draught"" 2.0 - 0.353
"" 1.647 m

16. Let C "" original daily consumption
y "" original speed
K "" original voyage consumption
Co: yl
K 0: Y2

y - 2.2 = ..)0,77 x V
"" 0.8775V

V(l - 0.8775) : 2.2
Original speed V = 17,97 knots

C
C

43 :

43)

: (17.97)'
15.77

"" 1.480
1.480 (C
1.48 x 43
1.48 x 43

0.48
132.6 tonne/day.

C:
O.48C:

C:

Original consumption =
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SOLUTlONS TOQ.ASS1 IXAMINATKlNQlJESTJONS 26S

17. Total chanae in draught =- 6.5 - 6.0
IE 0.50 m

Total chanae in displacemc::o.t ,. .sO x 21
,. JOSO tonne

Let mass of additional cargo ,. m
Then 1050 'C +300 - 130 + m

m ., 1050 - 300 + 130
• 880 tonne

Let mass of carJo in one bold,. x

~~

42000
+300
-650
+5x

+(616O-7x)

47810 - 2x

\

Tben mass of WIO in other hold
,.8S0-x

Takirq: momtnts about the keel.

...... '"7000 6.0
+300 1.0
-130 5.0
+ x 5.0

+ (880-.%') 7.0

8OSO

Final KG 5 8
47810 - 2x

.• 8050

5.8 x 8050 • 47 810 - 2x
2x = 47 810 - 46 690
x :E 560 tonne

.'. Mass of carlO in bokts Kg 5.0 m and Kg 7.0 m respectively
are S60 tonne and 320 tonne:.

18.

•

I i 0.50..

C·SJ!I.. I
I I

._._L...L
•

Fil·2E·2

/

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



19

I.UD"S NAVAl. AaCHITEC'ruU FOR, ENGINEDS

width at waterline., 0.45 m
KB - td

- 0.30 m
KG - tD

- 0.333 m

b'
BM - 6iJ

0.451

-6 x 0.45

- 0.075 m
KM-KlJ+BM

- 0.30 + 0.075
"'" 0.375 m

OM- KM - KG
= 0.375 - 0.333

MetaeeDtric height - 0.042 m

W.crpk.Deuca
1670
1600
1540
1420
1270
1080
690

SM
1
4
2
4
2
4
1

h • 1.4 m

prod""
1670
6400
3080
5680
2540
4320
690-

24380

Displacement in fresh water "'" 134 x 24 380 x I.(XX)

- 11 377 tonne

Reduction in drauaht • 11 377 x 100 (I.W-1.CXX»
1670 1.000x 1.025

- 16.62 em
Dra\1lht in sea water - 8.40 - 0.) 66

• 8.234 m
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SOLtlnONS TO CLASS 1 EXAMINATION QUESTIONS 267

20.
The dock must rise 0.5 m before the ship touches. Thus if tbe

ship rises 1.2 m, tbe dock must rise 1.70 m.

\-,--1....:..:.....

1=I--
I
•• :::::

""T
i

5-S ..
I

-----I

o·s,.
!

I
i 'i..L'---_--' ---'
I--.~--

Fig.2E.3

Mass removed to raise dock 1.70 m
= lSOx(2.5+2.5)x1.70xl.025
.. 1307 tonne

Mass removed to raise ship 1.20 m
~ 4000 - 1307
= 2693 tonne

120 x TPC = 2693

2693
Mean TPC = 120

_ 22.44

21. <a> .....
7S00

300
1000

8800

K,
6.S
4.8
0.7

_m'
487S0

1440
700

SO 890

so 890
New KG :: 8800

= 5.783 m
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(b) Aft« burnilll oil:

N KG
$0 890 - sao x 0.1

ew - 8800 _ sao

- 6.089 m

22. With displacement of 1S 000 tonne:

Reduction in draught _ 15 000 x 100
21S0

- 17.02 em

(
1.02l-1,QOO\
1.000 X l.02S)

.'. Increase in drauaht required
- 17.02 em

TPC - 21S0 x 0.0102S
- 22.04

Mass of oil required - 17.02 x 22.04
- 375.1 tonne

23. Load on bulkhead • ~g A H
- 1.025 X 9.81 x 12 X 9 X 4.5
- 4881 kN

Shearin. force at bonom - i x 4887
- 3258 kN

Number of rivets - -&
- 1$0

Total cross-sectional area of rivets

- 150 x ~ x 2()1 x 10"

• 47.13 X 10"JmJ

Stress in rivets _ l2H.
area

_ 1758
47.13 x 10"'

- 69.13 x 10'kN/mJ

_ 69.13 MN/mz
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SOLl1T1ONS TO ClASS 2. EXAMlNAnoN QUESTIONS 269

i orc:tirwe
1.2
3.9
S.4
6.0
6.3
6.3
6.3
S.7
4.S
2.7
o

SM
1
4
2
4
2
4
2
4
2
4
1

prod.\l<:t
1.2

IS.6
10.8
24.0
12.6
2S.2
12.6
22.8
9.0

10.8

144.6

h = 9.6 m
Waterplane area - , x 9.6 x 144.6

= 925.44 m1

TPC • 925.44 x 0.01025
- 9.4B6

M f', . k 7.2 x 6.0 x 1.2ass 0 01 m tan a 1.15

:z 45.08 tonne
mass removed "" 22.54 tonne

Reduction in drau&ht "" ~~

- 2.38 em
Final draught - 4.50 - 0.024

,. 4.476 m

25. Let tl = origina.l displacement
Chanae in draught due to removal of mass

Q_O·06.o. cm- TPC

"" 0.06 D.
19

,. 0.003158 '" em reduction
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270 aEED'S NAVAl ARCHITlC'TURE FOil ENGINEEIlS

Change in draught due to change in density

b = 0.94 b. X ]OOx 1.023(1.023 - 1.006\
TPCx 100 1.006 x 1.023)

0.94'" x 0.017
- 19 x 1.006

_ 0.000836 b. em increase
Assuming Q [0 be greater than b

2O=a-b
• 0.0031'8'" - 0.000836 '"
: 0.002322 b

Original displacement

20
b.. = 0.002322

• 8613 tonne
The draught will be r«Ju~ by 20 cm.
If the above assumption were wrong. the displacement would

work out as a negQlivt value,

26. Let v _ normal speed in knots

9200 (v + 1.5)'"
'710 -= V - 1.5

V + 1.5 ;;[9200
v - 1.5 - 5710

'=' 1.116
Y + 1.5 ,. 1.176V - 1.176 x 1.5
O.J76V. (l + 1.176) 1.5

y. 2.176 x 1.5
0.176

Normal speed V. 18.55 knots

27. L·7.6xB
B = 2.85 x d
v-LxBxdxC..
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SOLUTIONS TO ClASS 2EXAMlNAliON OUESTIONS 271

B
"" 7.6B x 8 x 2.85 x 0.69

7.6 x 0.69lP
~

2.85

v
S~1.7Ld+d

B
"" 1.7X7.6Bx 2.85 +

7000 "" 4.533.81 + 5.24482

"" 9.777B2

B' 7000
~ 9.777

B"" 26.76 m
L "" 7.6 x 26.76

"" 203.38 m

d
_ 26.76
- 2.85

"" 9.389 m

7.6 x 0.69ItJ 2.85
2.85 x B

(a) Displacement A

"" 203.38 x 26.76 x 9.389 x 0.69 x 1.025
"" 36 140 tonne

(b) Area of immersed midship section

A", = B x d x §
~ 26.76 x 9.389 x g,';i5
= 235.9 m1

(c) Waterplane area

A .. = L x B x C..
= 203.38 x 26.76 x 0.81
:::: 4410 m2
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28. Original displacement == 120 x 17 x 7.2 x 0.76 x 1.025
== 11 442 tonne

Additional displacement - 6 x 17 x 7.2 x 0.96 x 1.025
"" 723 tonne

New displacement :::: 11 442 + 723
== 12 165 tonne

New length:: 126 m
12 165

New block coefficient == 126 x 17 x 7.2 x 1.025

= 0.770

29.

Displacement

to i _ 7200 x 355
- IS)

to == 20 840 tonne
sp 0: V)

(
0.84 v)'SPI :::: 7200 x -v-

== 4267 leW

30. 4::::LxBxdxCb x e
Cb::::CpxC

8100 :::: 120x 16xdxO.70xO.98x 1.025

d _ 8100
- 120 x 16 x 0.70 x 0.98 x 1.025

;;: 6.00 m
Let I :: length of companment

Volume of lost buoyancy "" I x 16 x 6.0 x 0.98
Area of intact waterplane :::: 120 x 16 x 0.82 - I x 16

Increase in draught = 7.5 - 6.0
:::: 1.5 m

I 5 _ I x 16 x 6 x 0.98
. - 120 x 16 x 0.82 'x 16

2361.6 - 241 :E 94.08 I
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SOLU'nOf'lSTOC1ASS2EXAMJNAnON~ 273

94.08 I + 24 I - 2361.6

I lliU.
., 118.08

Len.ath of compartment - 20 m

31.

IJ i. I.
1·1----'O.9o--·..i.. '-'-090- _.~'"I --~ '0, , ,
; • 1---Q-9 _.--1 :
'"I;'; \ '0 I ',",, . ' I .
,". rrT7"'T/'7) y-r''77I'''"'r" "
l·~~ V<..":.>:.~""" "///,., 7. ":"1'
it"~ i.L....o:::..,-:....:- .~...........L..: ....... :. I·

i. 10 H
Fig.2E.4

(a) Pressure on outer bottom"" Ii! g h
1.06 x 10' _ 810 x 9.81 x h

1.06 x lOS
It • 810 x 9.81

:: 13.34 m
.. Soundina: pipe above tank top

2 13.34 - US
• 12.19 m

(b) Area supported by one rivet
_ 0.90 x 7d
• 6.34 m"

Load on one rivet ., QI A H
"" 810 x 9.81 x 6.34 x 12.19
= 610240d N

But stress - ~area
. . load on onc rivet ". strns x area of onc rivet

610 240d • 320 x lOS x ~ tP

d _ 610240 x 4
320 x lOS x -r

co 0.0243 m
- 24 mm
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32. (a) Cb.a..Dge in drau&ht due to density

_ 2f 000 x 100 (I.OU -I.Q08\
- 3200 1.008 x 1.026)

= 11.97 em reduction
Change in displacement - 11.91 X 3200 X 1.026 X l()o2

"" 393 tODne

% difference :II ~9~x 100

"" 1.79'" increase
(b) New drauabt :II 9.00 - 0.1J97

= 8.8803 m
final drauiht ... 8.55 m

Change in mupt "" 0.3303 m
Change in displacement"" 0.3303 X 3200 x 1.026

- 1084 tonne

07, difference "" ~~ x tOO

"" 4.93% reduction

33. Fuel cons/day a .6 f VI
Let V "" new ship speed in knots

Then new cons/day :II (i~~t x C~)' x 60

,. 0.02092 V' tonne

Number of days ,. m
Voy.,e eons ,. ~Vx O.02092yJ

175 ,. ~ x 0.02092 VI

Vl '"" 313.7
Ship speed V. 11.7] knots
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34.
TPC
19.0
18.4
17.4
16.0
13.8
11.0
6.6

SM
1
4
2
4
2
4
1

-~19.0
73.6
34.8
64.0
27.6
44.0
6.6

269.6

h::: 1.2 m

Displacement = Ij 2 )( 269.6 x 100

::: 10784 tonne
Load drauaht = 1.2 x 6

= 7.2 m

35. Chan&e in draught due to density

12 000 x 100 x 1.02S( 1.025 - l.012)
- 17.7 x 100 1.012 x 1.025

~ 8.71 an reduction
Chanae in draught due to removal of 130 tonDe

130
,.. 17.7

_ 7.344 em reduaion
Total chanle in draulht :E 8.71 + 7.344

:IE 16.054 em
i.e. Summer Load Une would have been submerged 16.05 em.

36.
The effective area of the bulkhead will depend upon whether

the water level is above or below tbe top. Assume lhat the water
is III the top.

Load on bulkhead = Q g A H
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Fig. lE.5

Load on bulkhead. 1.025 x 9.81

• 492.7 tN

Thus tbe water must lie below the top.
Let d • deptb of water;

b - width of bulkhead at water level.

§ x d
7

x §.2L1 x 7
2 3

Load on bulkhead •

37.

I12J d1.025 x 9.81 x 2 x '3

. 6 d d
191 - 1.025 x 9.81 x :rt x "2 x 3

d) _ 125 x 1 x 2 x 3
1.025 x 9.81 x 6

Depth of water d • 5.14.m

GM-KB+BM-KG
BM-KG+GM-KB

- 6.60 + 0.46 - 3.60
- 3.46 m
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But 1BM:: V

l,.BMxv

8000
- 3.46 x 1.025

Second moment of area - 27 OOS m'

38. When 120 tonne transferred:

ShiftinCG::: m: d

d. AXGG,
m

9800 x 0.75
K 120

Distance between tanks = 61.15 m

When 420 tonne used:
Let x • distance from original CO to cg of forward tank.

Taking moments about the oripnal CG:
(9800 - 420) (- 0.45) • 9800 x 0.75 - 420 x x

- 4221 - 7350 - 420x
42Ox:llo 7350 + 4221

l!2l!
x· 420

= 27.5:5 m
d - x K 61.2:5 - 27.55

II: 33.70 m
Thw the forward tank is 27.:55 m from the vessel's oJ'i&i,na1

CG and the &CUr tank: is 33.70 m from the vessel's oriJinal CG.

39. Fuel cons day. IS QQOI X 12)
47250

::II: 25.12 tonne

Number of days ""~

- 19.91
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(a) Range of operation s:: 19.91 x 12 x 24
::: 5734 nautical miles

(b) new speed "" 12 x LOS
:= 12,6 knots

new cons/day::: 25.12 x 0~26Y

= 29.08 tODne

500
number of days ::: 29.08

:= 17.19

Range of operation := 17.19 x 12.6 x 24
= 5200 nautical miles

. 5734 - 5200
Percentage difference "". 5734 x 100

:: 9.31OJ. reduction

40. TPC in sea water "" 1625 x 0.01024
"" 16.64

Bodil ink 1650
Y sage = 16.64

;;;: 99.16 em

Thus at 12000 tonne displacement:
Mean draught in sea water = 9.08 - 0.992

= 8.088 m
Thus change in draught due to density

= 8.16 - 8.088
= 0.072 m

Let Q" :z:: density of harbour water in t/m3

7 2 ::: 12000 x 100 (1.024 - 0"\
. 1650 1.024 e" j

1.024eR x 7.2 = 727.3(1.024 - Q")

"" (7.37 + 727.3) = 727.3 x 1.024

r

,
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(a) Displacement at 7.5 m draught

= 711 + 135 x 100 x 204.36

= 711 + 10218
= 10 929 tonne

(b) Displacement at 4.5 m draught

= 711 + \5 x 100 x 86.09

= 711 + 4305
= 5016 tonne

4S.

•
/ ,

/l z

1 ·
G

/. ..
at T a.
~ ..

Fig.2E.8

Righting moment = IJ. X GZ
570 = 8000 x GZ

GZ
S70

- 8000

= 0.0713 m
BT=BGsin8

= LO x 0.1219
= 0.1219 m
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Horizontal movement of B a BB1

.. BT + TB1

- BT + GZ
=- 0.1219 + 0.0713
.. 0.1932 m

46 S...... f d 12 1852. ....._ 0 a vance .. x 3600

.. 6.173 m/s

Real slip .. VI - v,
v,

0.30 .. v, - 6.173
v,

v, _ 6.173
1 - 0.30

.. 8.819 m/s

= P x n

(a) P _ 8.~19

.. 4.410 m

(b) Thrust power =- 300 x 6.173
= 1852 kW

(e) Delivered power .. 2SO x 2 r x 2
,. 3142 kW

47.

Fil· ZE.9
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If it is assumed that the mass is first added amidships, there
will be a bodily increase in draught without change of trim.

To obtain a level keel draught the wedge of buoyancy WFW I

must be transferred to L 1 FL.

Mass of wedge = 20 x 7.:5 x 0.6 x t x 1.02:5
= 46.125 tonne

Distance moved = t x 40

Let x = distance moved forward by 90 tonne, then

90x = 46.12:5 x i x 40

46.12:5 x 2 x 40
X= 9Ox3

= 13.67 m

48.
TPC = L x f100x 1.02:5

17 x 100
L = 16 x 1.025

= 103.6 m

Volume of lost buoyancy = 20 x 16 x 6 x 0.80
Area of intact waterplane = 103.6 x 16 - 20 x 16 x 0.8

20 x 16 x 6 x 0.8
Increase in draught = 103.6 x 16 20 x 16 :X 0.8

= '1.096 m

<a)

(b)

New draught = 6 + 1.096

= 7.096 m

KB
_ 7.096
- 2

= 3.548 m
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75000
8M - 103.6 x 16 x 6

::::E 7.541 m

KM - 3.548 + 7.j:41

",,11.089m

49.
KB _ d

~

B'
8M - 12d

u
• 12<1

4.32
• d

On.... KB 8M KM

0 0 ~ ~

I 0.5 4.32 4.82
2 \.0 2.16 3.16
3 1.5 1.44 2.94
4 2.0 1.08 3.08
5 2.5 0.86 3.36
6 3.0 0.72 3.72

Mt Fig. 2£.JO (opposite)

SO. Propeller pitch - 1.1 x 4.28
• 4.708 m

'10', - 4.708 x 2
-- 9.416.m/s

A sli 0 7 9.416 - v 100
pparent p .• 9.416 x

v - 9.416 (l - 0.007)

• 9.3~ rots

R--. slip· 12 9.416 - v, x 100
~ • 9.416
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•

•
OaAUc;HT

•
•

,

o , .
It, (, ItM •

Fig.2E.1O

• •

v. = 9.416 (I - 0.12)
= 8.286 m/s

Wake speed = 9.35 - 8.286
= 1.064 m/s
= 2.068 knots

0.5S x 1710 x 24
SI. At 12 knots; Cons/day = 1000

"" 22.572 tonne

(10) ,(a) At 10 knots; Cons/day'"" 22.572 x U

= 13.062 tonne
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7SOQ
Number of days - 10 x 24

= 31.25
Fud required = 13.062 x 31.25

= 408.2 tonne

(b)

52.

. 6(l()()i X 121
Fuel coeffioenc = 22.572

: 25278

KG - KB + BM - OM
XB '"' 4.5 m

I
BM= v

42.' x lOS x 1.025
= 12000

= 3.630 m
GM- O.6m
KG = 4.50 + 3.63 - 0.60

"'" 7.53 m

53. 0ri&ina1 displacement = 37 x 6.4 x 2.5 x 1.025
= 606.8 tonne

New meaD drauaht = 2.4 ; 3.8

= 3.10 m
New cI!JpIacaDem = 37 x 6.4 x 3.1 x 1.00

"'" 734.08 tonne
Mass add«! = 73-4.08 - 606.8

"'" 121.28 tonne

54. Mass of fUel/m depth = ~

= 50 tonne
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1 • ///,/~....:.".." -I
I T i

••• 9·9- •
• Ij -L

~~~'..~// •
•

Fig_ 1£.11

Let x • depth of fuel which must be transferred

Then 5<b" = mass .of fuel tramferred

9.9 - x ... distance which fuel is transferred

ShiftinCG=m x d•
O 12 '" SOx x (9.9 - xl

. 7200

x x (9.9 - xl
'" 144

2

5.3759.9 ±

0.12 x 144 '" 9.9x - :r
x' - 9.9x + 17.28 =: 0

9.9±..J9.9J - 4 x 11.28x:

= 2

= 7.638 m or 2.262 m
Mass of oil transferred :: SO x 7.638

=: 381.9 tonne
or SO x 2.262
"" 113.1 tonne

55. 'mal KG = 7.30 - O.SO
.E 6.80 m
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Let :r • distance of originaJ CO above the ked

-7000
ISO
60

-76

7B'

x,
x

x ~ 3
x - 5.5

0.6

-..,
7000x

lSar + 450
60x - 330

- 45.6

ntOX' + 74.4

S6.

7134 x 6.8 =: 72IOx + 74.4
7210x • 48 511 - 74

-= 48 437

iUTI
x - 7210

Original KG = 6.73 m

Station
o
I
2
3,
S
6
7
8
9

10

+breadth
0.1
2.'
S.1
7.4
8.'
8.4
8.'
7.'
5.1
2.'
0.1

SM
1,
2,
2,
2,
2,
1

Product
for Area

0.1
9.6

10.2
29.6
16.8
33.6
16.8
29.6
10.2
9.6
0.1

166.2

Common intt:rval -= 1f9 m

• 12 m
2Waterplarie area .. 3 x 12 x 166.2

: B29.6 rn'
Intact waterplane area - 1329.6 - 0.5 (24 x 8.4 x 2)

• 1128 m~
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Volume of lost buO)'aDCy :II: O.S (24 X 8.4 X 2 x 3.5)
:: 70.5.6 m)

I
. "_ gh volume of lost buoyancyncrease tn u.l"'U t::z .atea of mtaet waterplane

- IQ1.§1I28

:: 0.625 m
New draught ::z 3.5 + 0.625

_ 4.125 m

57. (a) See nOles., Chapter 5

(b)

58.

GM- m x d
.6xum!1

15 x 12 x 8
- .5500 x 0.25

:: 1.047 m
KM:>: 7.5 OJ
KG: KM - GM

- 6.4.53 m

""" K, mom..'
SlOO 6.453 3S 49LS
-ISO 9.1~ -1462.5
+220 9.00 + 1980

mo 36009

36009
N<wKG c Ts70

tc 6.465 m

Block coefficient C~ :: 71""8;;--:"'-'1~81,,!S.;"'S,,00"-,8"''""''X'''-'1-;.O''2~'.. x .-' x.-, -'

- 0.696
W, _ 0..5 C. - 0.048
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= 0.5 x 0.696 - 0.048
z 0.300

Ship speed. = 15.5 knots

~ 15.5 x ~

= 1.914 m/s

O 300 I ...!'A-
• ~ - 7.974

'Ye = 0.1 x 7.974
- 5.582 m/s

Real slip = v, v.
v,

v, (I - 0.35) ~ 5.582
v, = 8.588 m/s

Pxn='Y,

Pi."p un
~ c 1.92

= 4.413 m

Pitch ratio
p

p - 15

59. (a)

Di D
4.473

ameter == 0.83

= 5.389 m

Breadtb at waterline b s: !i- x 5

= 10 m
Displacement Ii = 40 x 10 x 5 x i x 1.025

= 1025 tonne
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(b) In nonnaJ bilging queslioll$ the wau~:rplane area is
rqarded as CODStanl over lbe increased draught. In a trianaular
cross-section vessel this is quite inaccurate.

The best method to use in tbis question is to consider a vessel
of tbe same displacement but of reduced length:

Let dl "" Dew draught
bl ". new breadth at ....aterline

= 2 d l

L I = Dew leDgth
= <0 - 6
=14",

Displacement .Do = 34 X ldl X d l x 1.025 x ,

d 2 l02Sx2
I ". 34 x 2 x 1.025

60. v.""Pxn
= 5.4 x 0.875 x 1.87
= 8.836 m/s

v. = 8.836 (I - 0.28)
= 6.362 m/s

<a) Thrust power tp ". T x v.
- 860 x 6.362
= 5471 kW

(b) Deliv cd d - -"=;;"","'-,,.,==,,­et power 'P - Propeller efficiency

5471
=o:6i

= 8046 kW
Ddivered powu ". 2... n x torque

torque = 2... x 1.87

= 684.8 kN m
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Blade area - ~ X .5.42 X 0.46

• 10.535 m2

Pr !h!Y!lessure - area

860• ITcITS

= 81.63 kN/m2

61.
Product (or

Station je.... 'M VOIUlllf

0 10 1 10
1 26 • 104
2 40 2 80
3 59 • 236

• 60 2 120
5 60 • 240
6 60 2 120
7 56 • 22.
8 38 2 76
9 I' • 56

10 • 1 •
1270

h 150
"To

Volume of displacement • 15 x 2 1270J x

c 12700 m)

(al Displacement = 12700 x 1.02$
c 13017 tonne

(b) C ",-,1",2..,7"OO,-:-:-~....ISO x 18 x 7

II: 0.672
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C 12700
p - 150 X 2 x 60

:c 0.706

2 x 60
C", := 18 x 7

= 0.952

62. Volume of cone:: t x i x 2: x 3

'"' 3.142 m1

Displacement::: 3.142 x 0.8
~ 2.513 tonne

Let d • drauiht
b ::: diam(ter at waterline

• 1- x d

Th(n displacement • ~ x i X (id)1 X d x 1.025

d J _ 2.513 x I.g25 x : x :

(a) Draught d"" 2.762 m
Diameter at watcrlin( :: 1 x 2.762

::: 1.841 m
KG. ; x 3

*' 2.25 m
KB '" i x 2.762

- 2.071

/
BM., v
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12 x I.84JZ
- 64 x 2.762

- 0.230 m
Metacentric height GM _ KB + BM - KG

- 2.071 + 0.230 - 2.25
:::: 0.051 m

63.

<aJ

Ship speed z:: 20 knots

20 1552
.. x 3600

= 10.29 m/s

7300
Shaft power ::: 0.97

= 7526 kW

thrust power'"' 7526 x 0.53
% 3989 kW

VI = P x n
z:: 5.5 x l.Ox 2.2
'" 12.1 m/s

R.eal slip 0.3S = 12.1 - vp

12.1

Speed of advance v. % 12.1 (I - 0.35J
::: 7.865 m/s

. " - v(b) Taylor wake fraction W, :::~

=
10.29 - 7.865

10.29

= 0.236
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Effective power rp "" tp X J1

= 3989 x 0.61
"" 2433 kW
"" R, x y

Shi R · R 2433
p eslStance , = 10.29

~ 236.5 kN

64. (a) See notes, Chapter 7

. V'
(b) (1) Admiralty Coefficient = ~ ~

12 ooot x 14.5)
3500

(ii)
... 456.6

spa VI

SPI - 3500 x (1~~5)
= 4102 kW

Percentage increase "" ;~ x 100 - 100

= 34.35'"

or Sf!!. ~ (.12..)'
sp 14.5

= 1.3435
Le. percentage increase = 34.35

(iii)

= 1.0455
Le. speed incrClUC ,., 45,5'1.
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LCF from midships
1.37 F
0.76 A
0.92 A

SELECTION OF EXAMINATION QUESTIONS
CLASS 1

"QaI1U1i<ms mgrhd wilh Oil ll$/trW: IuIw OOn ul«ttd from o.partmtnl of Tradr JXZ~'1

and art I'qlroduCfd by kind ~rmimoll of~ COIIlroll" of Hrr Majury's SUttlontr)'
O/Jiu.
tQuGliolU" marlctd willi II tJQutr hQ~ b«n #Icc/at from SCOTVEC pa~rs find 12~

rtpl'OduM! by kind permi#i<Hl of tltti, COllncil.

1. A ship 120 m long bas draughts of 6.6 m forward and
6.9 m aft. The TPC is 20. MCTI em WI tonne m and the centre
of flotation 3..5 m aft of midships. Calculate tbe maximum posi·
tion aft at which 240 tonne may be added so that the after
draught does not exceed 7.2 m.

2. A vessel. when floating at a draught of 3.6 m has a
displacement of 8172 tonne, KB 1.91 m and LCB 0.15 m aft of
midships. From the following information, calculate the
displacement. KB and position of the LeB for the vessel when
floating at a draught of 1.2 m.

Draught (m) TPC
1.2 23.0
2.4 24.2
3.6 25.0

3. An oil tanker has LBP 142 ro, beam 18.8 m and draught
8 m. It displaces 17000 tonne in sea water of 1.025 tim? The
face pitch ratio of the propeller is 0.673 and the diameter 4.8 m.
The results of the speed trial show that the true slip may be
regarded as constant over a range of speeds of 9 to 12 knots and
is 35OJG. The wake fraction may be calculated from the equation:

w ;: O,SCb - 0.05

If the vessel uses 20 tonDe of fuel per day at 12 knols, and the
consumption varies as (speed)'. find the consumption per day at
100 rev/min.

4. A ship of 5000 tonne displacement has a KM of 6.4 m.
When 5 tonne are moved 15 m across the ship a pendulum 6 m
long has a deflection of 12 em. A double bottom tank 7.5 m
long, 9 m wide and 1.2 m deep is half-full of sea water.

Calculate the KG of the light ship.
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5. A propeller has a pitch ratio of 0.95. When turning at 120
rev/min the real slip is 30070. the wake fraction 0.28 and the ship
speed 16 knots. The thrust is found to be 400 kN, the torque
270 kN m and the QPC 0.67. Calculate:

(a) the propeller diameter
(b) the shaft power
(c) the propeller efficiency
(d) the thrust deduction factor.

6. A pontoon has a constant cross-section as shown in Fig.
IE.I. The metacentric height is 2.5 m. Find the height of the
centre of gravity above the keel.

·-----12_---

Fig. IE. 1

7. (a) Derive the Admiralty Coefficient formula and show
how this may be modified to suit a fast ship.

(b) A ship of 14 000 tonne displacement requires 23 000 kW
shaft power to drive it at 24 knots. Using the modified
Admiralty Coefficient formula, calculate the shaft power
required for a similar ship of 12 000 tonne displacement at 21
knots.

8. A ship 80 m long has equally-spaced immersed cross-sec­
tional areas of 0, 11.5, 27, 38.5, 44, 45, 44.5. 39, 26.5, 14.5 and
Om: respectively. Calculate:

(a) displacement
(b) distance of centre of buoyancy from midships
(c) prismatic coefficient.

9. The following data refer to two similar ships
L S V 'P"

Ship A 160 4000 18 6400
Ship B 140
Calculate ep~ for ship B at the corresponding speed.

f~
0.420
0.425
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10. A ship of 11 200 tonne displacement has a double bottom
tank containing oil, whose centre of gravity is 16.5 m forward
and 6.6 m below the centre of lI'avity of the ship. When the oil is
used tbe ship's centre of gravity moves 380 mm.. Calculate:

(a) the mass of oil used
(b) the angle which the centre of gravity moves relative to

tbe horizontal.

11. A watenight door is 1.2 m high and 0.75 m wide. with a
0.6 m sill. The bulkbead is flooded with sea water to a depth of
3 m on one side and 1.5 m on the other side. Draw the load
diagram and from it determine the resultant load and position of
the centre of pressure on the door.

12. A sbip of 10 000 tonne displacement has KM8 m and GM
0.6 m. A rectangular double bottom tank is 1.5 m deep, 18 m
long and 15 m wide. Assuming tbat KM remains constant.
determine the new GM when tbe tank is now:

(a) filled with sea water
(b) half~filled with sea water.

13. A propeller 6 m diameter has a pitch ratio of 0.9, BAR
0.48 and, when turning at 110 rev/min, has a real slip of 25OJ,
and wake fraction 0.30. If tbe propeller delivers a thrust of
300 kN and the propeller efficiency is 0.65, calculate:

(a) blade area
(b) ship speed
(c) thrust power
(d) shaft power
(e) torque.

14. When a ship is 800 nautical miles from pan its speed
is reduced by 20070. thereby reducing the daily fuel consumption
by 42 tonne and arriving in port with 50 tonne on board.
If tbe fuel consumption in lib is given by. the expression
(0.136 + 0.001 VJ) where V is the speed in knots, estimate:

(a) the reduced consumption per day
(b) the amount of fuel on board when the speed was reduced
(c) the percentage decrease in consumption for the latter part

of tbe voyage
(d) the percentage increase in time for this latter period.

15. An oil tanker 160 m long and 22 m beam floats at a
draught of 9 m in sea water. Cw is 0.865.
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The midship section is in the form of a rectangle with 1.2 m
radiw at the bilges. A midship tank 10.5 m long has twin lonai­
tudina.l bWkhcad$ and contains oil of 1.4 w/t to a depth of
11.5 m. The tank is holed to the sea for the whole of its
tnnsversc section. Find the new draught.

16. A ship 160 m long and 8700 tonne displacement floats at a
waterline with baJf·orclinates of: O. 2.4. 5.0, 7.3. 7.9. 8.0. 8.0,
7.7. '.5. 2.8 and 0 m respectively. While floating at this water­
line. the ship develops a list of 10° due to instability. Calculate
the Dcaalive metacentric height when the vessel is upright in this
condition.

17. The speed of a ship is increased to 18.. above normal for
7.$ hours, then reduced to 91Vt below normal for 10 hours.
The speed is then reduced for the remainder of the day so chat
the consumption for the day is the normal amount. Find the
percentage difference between the distance travelled in that day
and !.he normal distance travelled per dJ.Y•

18. A double bouom tank containinl sea water is 6 m lana.
12 m wide and I m deep. The inler. pipe from the pump has its
centre 75 mm above the outer bottom. The pump has a pressure
of 70 kN/m? and is left runnin& indefinitely. Calculate the load
on tbe tank lOp:

(al if there is no outlet
(b) if the overflow pipe extends 5 m above the tank lOp.

19. A ship 120 m long displaces 12 000 tonne. The followina
data are available from trial results:

V (knotS) to II 12 13 14 15
sp (kW) 880 1155 1520 2010 2670 3600

(a) Draw the curve of Admiralty Coefficients on a base of
speed

(b) Estimate the shaft power required for a similar ship 140 m
long at 14 knots.

20. A box barg:e 60 m long and to m wide floats at a level keel
drauaht of 3 m. Its centre of &ravity is 2..5 m above tbe keel.
Determine the end draughu if an empty, fore end companment
9 m long is laid open to the sea.
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21. A vessel of constant triangular cross-section floats apex
down at a draught of 4 m, the width of the waterplane being
8 m, when its keel just touches a layer of mud having relative
density twice that of the water. The tide now falls 2 m. Calculate
the depth to which the vessel sinks in the mud.

600
610

40.5

550
480

34.3

500
365

28.2

450
260

22.4

400
175

16.8
N
Nm

22. The following information relates to a model propeller of
400 nun pitch:
Rev/min
Thrust
Torque

(a) Plot curves of thrust and torque against rev/min
(b) When the speed of advance of the model is 150 m/min and

slip 0.20, calculate the efficiency.

23. A ship of 8100 tonne displacement floats upright in sea
water. KG ::: 7.5 m and OM ::: 0.45 m. A tank, whose centre
of gravity is 0.5 m above the keel and 4 m from the centreline,
contains 100 tonne of water ballast. Neglecting free surface
effect, calculate the angle of heel when the ballast is pumped
out.

24. The! ordinates of a waterplane 120 m long are 0.7,3.3,
5.5, 7.2, 7.5, 7.5, 7.5, 6.8, 4.6, 2.2 and. 0 m respectively. The
ship displaces 11 000 tonne. Calculate the transverse BM.

25. A box barge 85 m long, 18 m beam and 6 m draught
floats in sea water of 1.025 t/mJ • A midship compartment 18 m
long contains cargo stowing at 1.8 m3It and having a density of
1.600 t/m3 • There is a watertight flat 6 m above the keel.
Calculate the new draught if this compartment is bilged below
the flat.

26. The! ordinates of a waterplane 90 m long are as follows:

Station AP 1 I 2 3 4 5 6 7 71 FP
t ordinate 0.6 2.7 4.6 6.0 6.3 6.3 6.3 5.7 4.8 2.0 0 m

Calculate the area of the waterplane and the distance of the
centre of flotation from midships.

27. A ship of 6600 tonne displacement has KG 3.6 m and KM
4.3 m. A mass of 50 tonne is now lifted from the quay by one of
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the ship's derricks whose head is 18 m above the keel. The ship
heels to a maximum of 9.5 0 while the mass is bei.ag transferred.
Calculate tbe outreach of the <1errick from the ship's centreline.

28. A ship 120 m lana displaces 10 SOO tonne and has a wetted
surface area of 3000 m2• At 1S knots the shaft power is
4100 kW. propulsive coefficient 0.6 and 55.,. of the thrust is
available to overeome frictional resistance.

Cakular.e the shaft power required for a similar ship 140 m
lona at the corresponding speed. f • 0.42 &nd II ::= 1.825.

29. A box-shaped veud 30 m lODg and 9 m wide floaa in
water of 1.025 tIm' at a draught of 0.75 m wben empty. The
vessel mows from water of 1.000 tim' to water of 1.025 tim' in
a partially laden state and. on reaching the sea water. it is found
that the mean draught is reduced by 3.2 cm. Calculate the mass
of carlO on board.

30. A ship of 5000 tonne dUplaeement has a double bonom
tank 12 m long. The 1breadths of the tOp of the tank are 5. 4
and 2 m respectively. The tank bas a watenight centreline
d.iviJion. CaJcu1ate the free surface effect if the tank is panially
full of fresh water on OM sitU only.

• 31. The following data apply to a ship operating at a speed of
15 knots:

Shaft power - 30~ tW
Propeller speed ., 1.58 revls
Propeller thrust _ 360 kN

AppareDt slip "'" 0

Calculate the propeller pitch. real slip and the propulsive
c:ocfrlcient if the Taylor wake fraction and thrust deduction
faetor art 0.31 and 0.20 respectivtly.

32. The force acting normal to the plane ofa rudder at anale a
is liven by:

F~ 0:::: 577 Avl sin a N

where A .. area of rudder = 2.2 m2

". "" water speed in mls.
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When the rudder is turned to 350
, the centre of effort is 1.1 m

from the centreline of stock. Allowing 20'10 for race effect,
calculate the d.iam~erof the stock if the maximum ship speed is
IS knots and the maximum allowable stress is 70 MN/ml .

If the effective diameter is reduced by corrosion and wear to
330 mm, calculate the speed at which the vessel must travel so
that the above stress is opt exceeded.

33. A ship 100 m long and IS m beam floats at a mean
draught of 3.5 m. The semi-ordinates of the waterplane at equal
intervals are: 0, 3.0, 5.5, 7.3, 7.5, 7.5, 7.5. 7,05, 6.10, 3.25 and°m respectively. The section amidships is constant and parallel
for 20 m and the submerged cross-sectional area is 50 m l at this
section.

Calculate the new mean draught when a midship compart­
ment 15 m long is opened to the sea. Assume the vessel to be
wall·sided in the region of the waterplane.

34. A ship 85 m long displaces 8100 tonne when floating in
sea water at draughts of 5.25 m forward and 5.55 m aft. TPC
9.0, GML 96 m, LCF 2 m aft of midships. It is decided to
introduce water ballast to completely submerge the propeller
and a draught aft of 5.85 m is required. A ballast tank 33 m aft
of midships is available. Find tbe least amount of water required
and the fmal draught forward.

35. A solid block of wood has a square crosNcction of side S
and length L greater than S. Calculate the relative density of the
wood if it floats with its sides vertical in fresh water.

36. A ship travelling at 15.s knots bas a propeller of 5.5 m
pitch turnin.s at 95 rev/min. The thrust of the propeller is
380 kN and the delivered power 3540 kW. If the real slip is 200/,
and the thrust deduction factor 0.198, calculate the QPC and the
wake fraction.

37. (a) Describe briefly the inclining experiment and explain
how tbe results are used.

(b) A ship of 8500 tonne displacement bas a double bottom
tank 11 m wide extending for the full breadth of tbe ship, having
a free surface of sea water. If tbe apparent loss in metacentric
height due to slack water is 14 em, fmd. -the length of the tank.
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38. <a) Derive an expression for the change in draught of a
vessel moving from sea water into river water.

(b) A ship of 8000 tonne displacement has TPe 17 when at a
level keel draught of 7 m in sea water of 1.024 tim'. The vessel
then moves into water of 1.008 t/m3• The maximum draught at
which the vessel may enter dock is 6.8S m. Calculate how much
ballast must be discharged.

39. <a) What is meant by the Admiralty Coefficient and the
Fuel Coefficient'?

(b) A ship of 14 900 toone displacement has a shaft power of
4460 kWat 14.55 knots. The shaft power is reduced to 4120 kW
and the fuel consumption at the samedisp1acement is 541 kg/h.
Calculate the fuel coefficient for the ship.

40. A ship of 12 OOOtonoe displacement has a rudder 15 m1 in
area, whose centre is 5 m below the waterline. The metacentric
heiJh,t of tbe ship is 0.3 m and the centre oj buoyancy is 3.3 m
below tbe waterline. When travelling at 20 knots the rudder is
turned through 30".·Find the initial angle of heel if the force F"
perpendicular to the plane of the rudder is given by:

F. "" S77AvlsinQ N

Allow 20llfo for the race effect.

41. A ship 120 m lema: bas a light displacement of 4000 tonne
and Leo in this condition 2.5 m aft of midships.

The following items are then added:

CarSo
Fuel
Water
Stores

10000 tonne Lea 3.0 m forward of midships
l.soo tonne Leg 2.0 m aft of midships
400 tonne Leg 8.0 m aft of midships
100 tonne Lea: 10.0 m forward of midships

final

LCF from
midships

(m)
I.lOA
0.06,

LCB from
midships

(m)
1.94F
2.10.

183
175

Mcrlcm
(t m)

16650
IS 350

Displacement
(t)

S.50
8.00

Using the foUowina hydrostatic data~ calculate the
draushts:

Drausbt
(m)
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42. A box -barge 30 m 1oa& and 9 m beam fIoc.s at a dlUVH
of 3 m. The <:tIJtR of pvity lies OD the cc:DtreliDe aDd KG is
3.50 m. A ID&S$ of 10 tonne, wbicb is already OD board, is !lOW

moved , m across the ship.
Ca) Ettimate the anaIe to whic:h the vessel will heel, usina the

fonnuJa:

GZ a sin 8 (GM + tBMtan'lI)

(b) Compare the above result with the &n&lt of heel obuiJ1ed.
by the metaeeQ.tric formula.

43. The fuel consumptiOIl of a ship at 11 knots iI 41
toone/day. The speed is reduced aDd the coosumptioD ii reduced
to 22 tonne/day. At tbe lower speed, however, the consumption
per writ power is 13.2'" Ile&tef than at 17 knots. Find the
reduced speed and the pereentaae saving on a voy. of 3000
nautical miles.

44. A ship of 14 000 tonne displacement is 13~ m lana and
floats at drauchts of 7.30 m forward and B.OS m aft. GML is
121 m, TPC 18 and LCF 3,0 m aft of midships. Cakulate the
new draoahu wben 180 tonne of carlO are added 40 m forward
of midships.

45. A propeller bas • pitc:h of 5.S m. When tumlna at
93 lev/miD the apparent slip is found to be -S" and the real
slip + S.... the wake speed boUl8 10'J0 of tho ship's speed.
Caku1a1e the speed of tbe ship, the apparent slip and the real
slip.

46. Tbe t ordinata of a wuerp1&ne at IS m interVl1s,
commc:nc:iD&: from aft, are I, " 10.S. 11, II, 10.5, 8, 4 and 0 m.
Caku1aro:

(a)TPC
(b) distance of tbe cea.tre of notation from midships
Cc) second moment of area of the waterplane .bout a

transverse axis throup the centre of flotation.

Note: Second moment of area about any axis y - y which is
parallel to an axis N - A tbroulh the centroid and distance x
from it, is Jiven by:
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47. A ship travelling at 12 knots has a metacentric height of
0.25 m. The distance between the centre of gravity and the
centre of lateral resistance is 2.7 m. If the vessel turns in a circle
of 600 m radius, calculate the angle to which it will heel.

48. The following data are available for a twin screw vessel:

v (knots)
'P" (kW)
QPC

15
3000
0.73

16
3750
0.73

17
4700
0.72

18
5650
0.71

Calculate the service speed if the brake power for each engine
is 3500 kW. The transmission losses are 3% and the allowancC!5
for weather and appendages 300J'0.

49. A ship 120 m long displaces 8000 tonne, GML: is 102 m,
TPC 17.5 and LCF 2 m aft of midships. It arrives in port with
draughts of 6.3 m forward and 6.6 m aft.

During the voyage the following cbangC!5 in loading have
taken place:

Fuel used
Water used
Stores used
Ballast added

200 tonne
100 tonne
10 tonne

300 tonne

18 m forward of midships
3 m aft of midships

9 m aft of midships
24 mforward of midships

Calculate the original draughts.

50. A propeller has a pitch of 5.5 rn. When turning at
80 rev/min tbe ship speed is 13.2 knots, speed of advance 11
knots, propeller efficiency 70"'0 and delivered power 3000 kW.
Calculate:

(a) real slip
(b) wake fraction
(c) propeller thrust.

• 51. A watertight bulkhead 6.0 m deep is supported by vertical
inverted angle stiffeners 255 mrn x 100 mm x 12.5 mm,
spaced 0.6 m apart. The ends of the stiffeners in contact with the
tank top are welded all round, and the thickness of weld at its
throllt is 5 mnl.

Calculate the shear stress in the weld metal at the tank top
when the bulkhead is covered on one side, by water of density
1025 kg/m', to a depth of 4.85 m.
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52. A ship of SOOO tonne displacement has three rectangular
double bottom tanks; A 12 m long and 16 m wide; B 14 m lona:
and 15 m wide; C 14 m 100& and 16 m wide.

Caleulate the free surface effect for anyone tank and state in
which order the Wlk.s $bawd be filled when making usc of them
for stability correction.

53. A box barle 75 m long and 8.5 m beam floats at draughts
of 2.13 m forward and 3.05 m aft.

An empty companment is DOW flooded and the vessel fmaUy
lies at a drauabt of 3.00 m level keel. Ca1culak the lenIth and
Lq of the. flooded computmcnt.

54. A vessel has a maximum allowable drauaht of 8.5 m in
fresh water ad 8.25 m in sea water of 1.026 tim), the TPC in
the sea water beina 27.5. The vessel is loaded in river water of
1.012 Vm) to a drau&ht of 8.44 m. If it now moves into 5C&

water. is it neccuary to pump out any ballut, and. if so, bow
much'!

55. A bulkhead is in the fonn of a trapezoid 13 m wide at the
dcc.k. 10 m wi<k at the tank top and 7.5 m deep.

Calculate the: load on the bulkhead and the position of the
centre of pressure if it is flooded to a depth of 5 m with sea water
on one side only.

56. A double bottom tank is 23 m lon•. The half breadths of
the top of the tank are 5.5, 4.6. 4.3, 3.7 and 3.0 m respectively.
When the ship displaces 53.50 tonne, the loss in metaeentric
height due to free surface is 0.2 m. Calculate the density of the
liquid In the tank.

57. A vessel of constant rectangular cross-section is' 100 m
lonl and floats at a draught of.5 m. It bas a mid-length compart­
ment 10 m long exlet1dina riaht across the vessel, but sub­
divided by a horizontal waterti&ht fiat 3 m above the ked. OM is
0.8 m.

Calc;uJate the new draught and metacentric hei,ht if the
compartment is bilged. below the flat.

'8. (aJ If resistaDce " S V' and Sa A I, derive the Admir>llY
eoefrlcient formula.
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(b) A ship 160 m long, 22 m beam and 9.2 m draught has a
block coefficient of 0.765. The pitch of the propeller is 4 m and
when it turns at 96 revlmin the true slip is 33070, the wake frac~

tion 0.335 and shaft power 2900 kW. Calculate the Admiralty
Coefficient and the shaft power at 15 knots.

59. A ship model 6 m long has a total resistance of 40 N when
towed at 3.6 knots in fresh water.

The ship itself is 180 m long and displaces 20 400 tonne. The
welted surface area may be calculated from the formula

S = 2.57.r;L.

Calculate ep.. for the ship at its corresponding speed in sea
water.j{model)FW:S O.492;j(ship),sw:s 0.421; n = 1.825.

60. (a) Why is an inclining experiment carried out? Write a
short account of tbe method adopted.

(b) An inclining experiment was carried out on a ship of 8000
tonne displacement. The inclining ballast was moved trans­
versely through 12 m and the deflections of a pendulum
5.5 m long, measured from the centreline, were as follows:

3 tonne port to starboard 64 rom S
3 tonne port to starboard 116 mm S
Ballast restored 3 mm S
3 tonne starboard to port 54 rom P
3 tonne starboard to port 113 mm P

Calculate the metacentric height of the vessel.

61. A ship of 8000 tonne displacement, 110 m long, floats in
sea water of 1.024 t/m3 at draughts 0(6 m forward and 6.3 m
aft. The TPC is 16, LCB 0.6 m aft of mid.ships, LCF 3 m aft of
midships and MCTl em 65 tonne m. The vessel now moves into
fresh water of 1.000 t/m3• Calculate the distance a mass of 50
tonne must be moved to bring the vessel to an even keel and
determine the final· draught.

62. A rectangular watertight bulkhead 9 m high and 14.5 m
wide bas sea water on both sides, the height of water on one side
being four times that on the other side. The resultant centre of
pressure is 7 m from the top of the bulkhead. Calculate:

(a) tbe depths of water
(b) the resultant load on the bulkhead.
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, 63. The foDowina values refer to a vessel 143 m in length
which is to have a service: speed of 14 knots:

Savic. speed (knots) 13.0 14.1 11.2 16.3

Effective power naked epa (kW) 1690 2060 2670 3400

U allowances for the above epa for trial and servicx conditions
lIe 13 per cent and 33 per cent respectively. and the ratio of ser·
vice indicated power to maximum available indicated po~r is:
0.9. cakulate usina tbe data below:

(a) the indicated power (ip) of the maine to be fitted
(b) the service and trial speed oftbe vessel if the total available

ep were used. -
The vessel has tbe foUowin. clata:

Quasi-propulsive coefficient (QPC) = 0.72
Shaft losses = 3.5 per cent
Mechanical efficiency of tbe enpne

to be fined ... 87 per cent.

64. A ship of 15 000 tonne displacement has riahting levers of
0,0.38. 1.0. 1.41 and 1.2 m at aqles of hceJ of 0', IS'. 30°.45'
aDd 60° respectively and an assumed. KG of 7.0 m. Tbt vessel is
loaded to this displacement but the KG is found to be 6.80 m
and GM 1.50 m.

(a) Draw the amended stability curve
(b) Estimate the dynamical stability at 60°.

65. On increasing the speed of a vessel by 1.5 knOtS it is found
that the daily consumption of fuel is increased by 2S tOMe and
tbe pc:raDtlle increase in fuel consumption for a voyage of 22SO
nautical miJ.cs. is 20. Estimate:

Ca) the original daily fud COllSUlDp(iOD
(0) the original speed of the ship.

66. The end bulkhead of the wing tank of an oil tanker has the
following widths at 3 m intervals, commencing at the de<:k: 6.0.
6.0. 5,3. 3.6 and 0.6 m. Calculate the load on the bulkhead and
the position of the centre of pressure if the tank is full of oil rd
0.8.

• 67. Tbe following data for a ship has been produced from
propulsion experimenu on • model:
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Ship speed (kIlot)
Effective power (kW)
QPC
PropdJcr .ff>cicncy
Taylor wake fraaiOD

12.SO
1440

a.7OS
O.lOS
0.391

1l.2S
1800

0.713
0.584
0.362

14.00
2230

0.'08
O.58S
0.356

Determine tbe speed of the ship IJid propeller thrust when the
delivered power is 238S t w.

68. A box barp:4S m long and IS m wide floats at • level keel
draucht of 2 m in sea water, the load beiDl uniformly
distributed over the full length. Two masses, each of 30 tonne,
arc .dded at 10 m from each end and SO tonne is evenly
distributed between them. Sketch the shear force diapam and
live: the JDUimum shear foree. -

• 69. 1be powu delivered to a propeller is 3S4W kW at • ship
spea:I of IS.5 knots. The propeller roWes at 1.5. revls.
drwdops a thrust of 378 kN aDd tw a pitch of 4.87 m.

U the thrust Oeduetion fraction is 0.24, raJ. slip 30 per otI1t

aDd transmission losses arc 3 per ceot. calculate:

(a) the effective power.
(b) the Taylor wake fraction,
(c) the propulsive coefficient,
(d) the quasi·propuIsive coefficient, assuming the appendage

and weather allowance is IS per cent.

70. A ship of 14 000 tonne displacement is 125 m lona and
fioats &1 draUJbts of 1.9 m forward and 8.5 III aft. The TPC is
19. GML 120 m and LCF 3 m forward o!midsbip$. It is rtquired
to bring the veuel to an even ked drausbl of 8.5 m. Calculate
the mass which should be added aDd the distance of the centre of
the mass from midJbips.

71. A ship of 4CXIO tonne dUplacement has a mass of $0 tonne
on board, on the centreline of the tank top. A derrick. whose
head is 18 m above tbe cg of the II18$S, is used to lift it. Find the
shift in the ship's centre of cravity from its oriJinal position
when the mass is:

(a) lifted just clear of the tank top
(b) raised to the derrick head
(c) placed on the deck 12 m above the tank top
(d) swuna outboard 14 m.
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• 72. A rec:t&Dp1lr bWkbead 8 at wide has water of cte.ity
1000 kg/mJ to • depth of 7 m on onc side and on the otber side
aU of density 850 kJ/mJ to a depth of 4 m. Calculate:

(a) the resul_ preI5IUC OIl the bulkhead
(b) the pOIition of the resuIwIl """'" of Pf'SIW".

• 73. A ship of 91.$ III ieDItb between perpeI1dicuIan comejos
ballast water in a forward compartme:llt and bas the foDowiaa
equidistant balf areas of immersed sections c:ommmt;n. at the
after ~icular (AP).

- 0lAJ'l 1 , 3 • , 6 7 • • IlIlfI

Hai!~~ ••• 7.6 ... 3.' .... ,~ 1.1.4 11.. 1.I ~.• •
If. prior to ball.stiDS. the ship'S displKemeD.l .U S7!O tODDe

aDd the pooitioa of the loncltudioa1 """'" of buoyaDc:y (LCB)
was 4.6 m forward of midsbips, calculate:

<a> the mass of water of density 1025 qlml adclcd as ballast
(b) the d.i5laDO" of the centre of aravity of the ballast water

contained in the forward compartmc:llt from midships.

7.... A ship of 7500 tonne displacement bas a double bottom
tank 14 m long. 12 m wide aD<11.2 m deep full of 5ea waitt. The
centre of aravity is 6.7 m above the teel and the metaecntric
bei&bt 0.45 tn.

Calculate the IlC'W OM it half of tbe WIler is pumped out of
the tank. Assume that KM remains constant.

7S. A ship 120 m long displaces 9100 tonne. It loads in fresh
water of 1.000 tim' to a level keel draua:ht of 6.70 m. It then
move$ into sea water of 1.024 tiDY. TPC in sea water 16.8.
MeTt em 122 tODlle m. LCF 0.6 aft of midships, LCB 2.25 m
forward of midships. Cakulate the end drau&hu in the sea
_or.

76. A box-shaped vessel is 20 m long and 10 m wide. The
weight of the vessel is uniformly distributed throuahout the
lCDl1b and the drauJht is 2.5 m. The vessel contains teD evenly­
spacer! double bottom tanks. _ baviD& a depth of 1 tn.

Draw the shear force dialI'ams: i,
i
I
i
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Ca) with No. J and No. 10 tanks iilled
(b) with No.3 and No.8 tanks filled
Cc) with No. .s aDd No.6 tank$; filled.

Which ballast condition is to be preferred from the stren&th
poinl of view?

• 71. For a box~sh.apod barge: of 216 tonne displacement, 32 m
in length, 5.S m breadth and noatina in water of density
1025 };:g/m), the KG is 1.8 m. An item of machinery of mass 81
tonne is loaded amidships and to maintain a positive metaeentric
heia;ht t 54 tonne of solid ballast is taken aboard and evenly
distributed over the bottom of the barge so that the avenae Xg
of the baUast is O.IS m. If in the (mal condition the OM is
0.13 m t calculate the X, of the machinery.

78. The maximum allowable drauaht of a ship in fresh water
of 1.000 t1mJ is 9.50 m and in sea waler of 1.025 t1m'is 9.27 m.

The vessel is loaded to a dr.uJbt of 9.50 m in a river. but
when it proceedl to sea it is found that 202 toone of water baD..ast
must be pumped out to ~ent the matimum draupt being
e:xceedtd. If ebe!PC in the sea water is 23, calculate cht density
of the river water.

• 79. The following data are recorckd. from tests carri~ out on
a model propeller 0.3 m diameter rotating at 8 revls in water of
density 1000 };:a/m'.

s;;;;;tof adv>nc. "" (mi.) 1.22 1.46 1.70 1.94

Thrust tNl 93.7 72.3 .9.1 24.3

TorouclNml 3.90 3.23 2.SO 1.61

Draw graplu of thrust and delivered power apinst speed o(
advance VG.

A geometrita1ly similar propeller 4.8 m di&meter operaces in
water o( 102.5 kg/mJ. If the propeller absorbs 3000 leW delivered
power and satisfleS the law of comparison, determine (or the
propeller:

(a) the thrust power
(b) the efficiency.

Not~: For gcometrically similar propellers the thrust power
and delivered pow~ vary directly as (dWnetery"'.
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• 80. A ship 128 m in lqtb, 16.75 m in breadth, bas the
following hydrostatic data:

,m 1.22 2." ,... .... 6.10

W 7 .. 0

POIiUoII of iMIi...•ti..\

centre ofn~ (LeF) 1.30 for'd 1.21 for'oS o.n fOl"d. O.~ for'oS 0.06 ate
from . m)

Calculate:
(a) the displacemc:nt in water of density 102S k.aJm' of a

layer of smpbody between the waterplanes at 1.22 m and
6.10 m dnuabt.

(b) for tbe layer.
0) the position of the loD.&itudina1 centre of buoyancy

(li) tbe position of the vertical cenue of buoyancy.

14 CWXl tonne
8..54 m

0.88 m aft
4.27 m

2110 m2

t 81. The foUowin&: panic:u.lars apply to a ship of 140 m lcnath
when noatin& in sea water of 1025 kg/m' at a level keel draullu
of 7.0m.

di>p1ac:emeol ( • )
centre of gravity above keel (KG)
canre ofgravity from midships (LeG)
centre of buoyancy above keel (KB)
waterplaoe arel (Aw)
second moment of area of waterp!ane about

transverse axis at midships (/) 2 326 048 m·
eeD.tre of flotation from midships (LCF) 4.60 m aft

Fuel oil is transferred from a forward stOrqe tank throuah a
distaDceof I 12 m to an aft settling tank. after which the draught
aft is found to be 7.45 m.

Using these oata calculate:
(a) the: moment to change trim 1 em (MCTI em)
(b) the new draught forward
(c) the new lonaitudinal position of the centre of gravity
(d) tbe amount of fuel transferred.

t 82. The wetted surfa.oe area of a COQtainer ship is S946 m' ,
When uavellinj; at its service speed, the effective power required
is 11250 leW with frictional resistance 74'11 of tbe total
resistance and specific fud consumption of 0.22 Kg/kW h.

To cooserve fuel the sbip speed is rc4uced by 10'11, the daily
fuel cooswnption is then found to be 83.0 tonne.
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Frictional coefficient in sea water is 1.432.
Speed in mls with index (n) 1.825.
Propulsive coefficient may be. assumed constant at 0.6.
Dctenninc:
<a) the service speed of the ship
(b) the percentage increase in specific: fuel consumption when

I'UIlIlina at reduced speed.

t 83, An aDpty box·shaped vessel of !eDath 60 m and breadth
JO.S m, displaces 300 tollDe and hu a KG of 2.6 m.

When noatiDg in sea water of dmsity HID kg/mJ • the
followiDa loads are added as indicated:

Load
loWtt hold carlo
'tween deck carlO
deep tank carlO

Mass (lanDt)
1000

SOO
200

Kgm
4.7
6.1
3.4

(a) Determine for the new condition:
(i) the initial meta«ntric bei&ht

(ii) the male to which the va.sel will loU
(b) A metaeentric beiatu of O.IS m is required.
Cakulate the amount of carso to be transferred from ',ween

d.eclc to deep taD..k at the KI's stated above.
N.B. For WQll-sided w:sms. GZ "" sin' (GM + ,BM tanlf) m

t 84. A box-shaped barae of uniform construction is 80 m long,
12 m beam and has a light displacement of 888 tODoe.

The barae is loaded to a draught of 7 m in sea water of density
1025 kg/mJ with cario evenly distributed. over two end compan·
menU of equallengtb. The empty micbbip compartment extend­
ing to the full widtb aDd depth of tbe barge is billed and the
draught iocreases to 10 !D. Determine:

(a) the len~ of the midship companmem
(b) the lonptudinal still water bending moment at midships:

(1) in the loaded intact condition
(lj) in the new billed condition.

t 85. A ship of 355 190 tonne displacement is 325 m long, 56 m
wide and nOatS in sea water of density 1025 kglml at a draught
of 22.4 m. The propeller has a diameter of 7.4 m, a pitch ratio
of 0.85, and when rotatini at I.S revis, the real slip is 48.88'"
and tht fuel comumption is 165 tonne per day.

The Taylor wake fraction W, is givm by:
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w, "" O.SC. - 0.05

Calculate:
Ca) the ship speccI in knots
(b) tbe reduced speed at which the ship should travel if the

fuel consumption on a voyale is to be halved
Cc) the length of the voyage if the extra time on passage is six

days when traveUina: at the reduced speed
(d) tbe amount of fuel required on board. ~forecommencina:

on the voyaae at the reduced spced..

t 86. A ship 137 m lana displaces 13 716 tonne when floatinl at
a dn.uJbt of 8.23 m in sea water of density 1025 kaJm).

The shaft power (SP) required to maintain a speed of 1S knotS
is 4847 kW, and the propulsive cocmcient is 0.61.

GivaI:
Wmed surface area (5) = 2.58".6 x L m2

speed. in m/s with index (n) for both ships 1.825
values of Froude friction coefficient are:

!.alItb of ship (m) 130
Coefficient (f) 1.417

1<0
IA16

150
1.415

160
1.414

Cakulate the shaft power for a aeometrically similar ship
which bas a displacement of 182h tonne and which bas the
same propulsive coefftCient as the smaller ship. and is run at the
cOlTC$pooding speed.
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SOLUTIONS TO CLASS 1
EXAMINATION QUESTIONS

1. Bodily sinkage ::: ":g
:: 12 em

New draught aft = 6.9 + 0.12
:::'.02m

i.e. the after draught may be increased by a further 0.18 m and
this becomes the change in trim aft.

Change in trim aft z: total change in trim x ~~g

18 56.5
= tx 'i20

120
t == 18 x 56.S

:: 38.23 em

But
mxd

1= MCTI em

d
_ 38.23 x 101
- 240

:= 16.09 m aft of the centre of
flotation

= 19.59 m aft of midships

2.
~oduct for ~oduet for

drau,ht TPC SM ,,,,,,,,,.,, lever'" veitit:al moment
1.2 23.0 1 23.0 I 23.0
2.' 24.2 4 96.8 2 193.6
3.6 25.0 I 25.0 3 75.0-- --

144.8 291.6

·Using a lever of I at 1.2 m draught produces a vertical mo­
ment about the keel.
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316 REED'S NAVAl. AR.CHITECTURE FOR ENGINEERS

Displacement 1.2 m to 3.6 m "" 1:/ x 144.8 x 100

"" 5792 tonne

Displacement 0 m to 3.6 m "" 8172 tonne

.'. Displacement 0 m to 1.2 m "" 2380 tonne

Vertical moment 1.2 m to 3.6 m

"" 132 x 1.2 x 291.6 x 100

"" 14000 tonne m

Vertical moment 0 m to 3.6 m "" 8172 x 1.91
"" 15 610 tonne m

.. Vertical moment 0 m to 1.2 m
"" 1610 tonne m

1610
KB at 1.2 m draught "" 2380

'"' 0.676 m

product (or
longitudinal

draucht 1l'C LO" TPC x LCF SM moment
1.2 23.0 -1.37 -31.5 1 -31.5
2.4 24.2 +0.76 + 18.39 4 + 73.56
3.6 25.0 +0.92 +23.0 I +23.0

+65.06

-Taking forward as negative and aft as positive.
Longitudinal moment 1.2 m to 3.6 m

= 132 x 65.06 x 100

"'" + 2602.4 tonne m
Longitudinal moment 0 m to 3.6 m

z 8172 x 0.15
"" + 1225.8 tonne m

...Longitudinal moment 0 m to 1.2 m
= -1376.6 tonne m
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SOUlTlONS TO CLASS I !XAMINATlON QlIES1lONS 317

1376.6
LCB at J.2 m c1rau.eht "" - 2380

"" 0.578 m forward of midships
i.e. at J.2 m drauaht. thcdisplacement is 2380t. KB 0.676 m and
tbe LCB 0.$78 m forward of midships.

3.

4.

-;;;;<-:;-;';17,,000""'.......,::0Block coefficient C. - 1.025 X )42 x 18.8 x 8

- 0.776

w _ 0.5 x 0.776 - O.OS
~ 0.338

P;t<h - 4.8 x 0.673
- 3.23 m

Thee
,__, ~ 3.2; x 100 x 60

reu..... s....._ - 1852

- 10.46 knots

Speed of advance - 10.46 x 0.65
- 6.80 knots

Shi ~ 6.80
P SJA-"" -) 0.338

- 10.27 knots

New fuel consumption "" 20 x (tq2~)

u 12.54 tonne per day

. 5 x )5 x 6
Effeeuve OM - sooo x 0.12

• 0.75 m

F f ff- .1Jg1 x 7.5 x 93 x loQ2S
ree sur ace e ""'" - 1.025 )2 x 5000

_ 0.093 m

Hence, actual OM E 0.7S + 0.093
• 0.&43 m

KM. 6.40 m
KG - 5.s57 m
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Mass of water in tank = 1.025 x 7.5 x 9 x 0.6
= 41.51 tonne

Taking moments about the keel:

Light ship KG
1

;;; 5000 x 5,557 41.51 x 0,3
5000 - 41.51

; 5.601 m

5. v- Vaw;
V

Speed of advance Va = 16 (I - 0.28)
= 11.52 knots

Real slip s ;;; V, - Va
V,

11.52
Theoretical speed VI ;;; I _ 0.30

= 16.46 knots

But y'_ PxNX 6J)
t - 1852

P·tch P _ 16,46 x 1852
I - 120 x 60

;;; 4.23 m

p
Pitch ratio p ;;; 15

Diameter D = 4.23
0.95

= 4.45 m

(b) Shaft power sp = 2r x I: x 270

(a)

; 3393 kW

(NOlt. This is the power at the after end of the shaft and hence is
strictly the delivered power.)

(c) Thrust power tp = 400 x 11.52 x ~:

= 2370 kW
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SOLt1T1QNS TO ClASS I EXAMINAnON QUESllONS 319

PropeUcr efflciency - n~~ x 100

- 69.84'"

ep - 3393 x 0.61
= 2273.3

R • 2273.3 x 3600
, 16x1852

• 276.2 kN

R,,,,,,T(1-1)

I_t. lli4
400

- 0.69

Thrust deduction factor I :s 0.]]

6. 1----'-'-".-.----j
. "12.-----·

WT:'
(. :::::-::~:::::':..=.::::::::::-:'~:,.
I ,j.1-..1.- -'-, -J

FIi- lE.2

KB _ 12x2.~x1.2S+2x3x~x2.S_

12x2.S+2x3xS

• 1.8" m "

I • ~ L (18' 12')

- ~ x 4104 L

v _ L (12 x 2.5 + 2. x 3 x ~)

• 60 L
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41Q4 L
BM - 12 x 60 L

- 5.70 m

KM - 1.875 + 5.70
= 7S75 m_

OM - 2.50 m

KG - 'S.07S m

1. (a) Derive

and hence

(b)

~; VJ
sP-C-

sp, _(. ,\i tv, 'r
SP2 6 J \VzJ

(12 000)' (21 'r
sP:z - 2J 000 x \"'i4CiiO x \24)

- 12166 kW

8.
CSA SM r or v l~~ r or M
0 I +5

1I.5 , 46.0 +' + 184.0
27.0 2 54.0 +3 + 162.0
38.5 , 154.0 +2 + lOS.O
44.0 2 88.0 +1 + 88.0

45.0 , 180.0 0 .'42.0

44.5 2 89.0 -1 - 89.0
39.0 , 156.0 -2 -312.0
26.5 2 53.0 -3 -159.0
14.5 , 58.0 -, -232.0
0 I -5

878.0 -792.0

h - 8 m

<a) Displacement = ~ x 878 x 1.02S

- 2400 tonne
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(b) LCB from midships _ 8 (742
878

792)

= -0.455 m
"" 0.455 m forward

() P · . ffi- 8x878c nsmauc coe 1C1ent z::: 3 x 80 x 45

_ 0.650

9. Ship A

Ship B

ep,,_R,xv
6400 x 3600

R, - 18 x 1852

- 691.1 kN

R, - f S ""
". 0.42 x 4000 x ISl.us
_ 328.2 kN

R, - 691.1 - 328.2
- 362.9 k.N

R, Q' L)

R, ". 362.9 x O:Y
- 243.1 kN

S Q' L1

S = 4<nl x (i:Y
_ 3062 m1

Va {l.

V _ 18 ';140
160

- 16.84 knOtS

Rj ". 0.425 X 3062 X 16.841.llS

- 225.1 kN

R, - 225.1 + 243.1
- 468.2 kN

468.2 X 16.84 X 18S2
ep. .. 3600

- 4055 kN
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10.

.--

}-----,••.-._--j
•

•
Fig. lE.3

0, "" "16.9 + 6.@

E .J3TITf
"" 11.77 m

T
I...
j

This is the distance (rom the centre of gravity of the tank to
the original centre of gravity of the ship.

<a> Let m = mass of oil used

Th hil · I' mxGg
en 5 t m centre 0 graVIty = fmal displacc:s:nent

0380 _ m X 17.71
. -11200 m

mE 11200 x 0.38
17.77 -+ 0.38

(b)

AnJle of shift

= 234.5 tonne

e M
tan =.16.5

E 0.40

6=21 0 48'
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11.

II·ll "".

•

----- --T
r-= i
I
"--- • l,z •.... I

I I-
>-0. i
I . '.2-
I . :::~1 !
I '~r-±

'.~

lO.... D
O~U.M

••

FiJ. lEA

LoadIm at top of cloor from sid.e A
- 1.02:5 x 9.81 x 1.2 x 0.75
- 9.mo kN

Loadim 0.3 m from top of door side A
- 1.025 x 9.81 x 1.$ x 0.75
- 11.312 kN

LO&dIm at bottom of door from side A
- 1.025 x 9.81 x 2.4 x 0.7:5
- 18.099 kN

Loadlm at bottom of door from side B
- 1.025 x 9.81 x 0.9 x 0.75
- 6.787 kN

.'. Dett loadIm at bottom of door-
• 18.099 - 6.787
- 11.312 kN

Thus the load diasJam is in the form showD by Flg. 1£.4.
Tbe area of this dia&ram represents the load, while the cen­

troid represems the position of the cmtre of pressure.
Taking moments about tbe top of tbe door:

Cenue of pressure from top

9.05) x 0.3 x !
9.05) x Q.3 x ; x 0.1011.312 x 1.2 x 0.6 - (11.312

"" 11.312 x 1.2 - (11.312
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8.145 - 0.0339
= 13.574 - 0.339

8.1ll
:;: 13.235

=: 0.613 m

Resultant load =: 13.235 kN

12. (a) Mass of water in tank = 18 x 15 x 1.5 x 1.025
:;: 415.1 tonne

N KG _ 10 (X)() x 7.4 + 415.1 x 0.75
ew - 10 000 + 415.1

74000 + 311= 10415.1

=: 7.135 m

New GM = 8.00 - 7.135 m
:E 0.865 m

(b) Mass of water in tank "" 41;.1

"'" 207.55 tonne

New KG :;: 74 000 + 207.55 x 0.375
10 000 + 207.55

= 7.257 m

Free surface effect E 1.025 x 18 x 15) x 1.025
1.025 x 12 x 10207.55

= 0.508 m

New OM = 8.00 - 7.257 - 0.508
"" 0.235 m

13. <aJ Blade area == 0.48 x r x 62

= 13.57 m2
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(b) Theoretical speed \I, ., 6 x 06t x I JO

"" 9.9 mls

Real slip 0.25 z 9.99.9 v.

Speed of advance \I•• 9.9 (I - 0.25)
". 7.425 m/s

Wake fraction 0.30 ,. Y - '.425
v

Sbi --< 7.425
P"JA-- v:::: 1 _ 0.30

... 10.61 m/s

~ 10.61 X ~~

• 20.62 knots

(c) Thrust power tp ... 300 X 7.42$
z 2227.5 kW

(d) Shaft 2227.5
power sp:.. 0.65

~ 3427 kW

(e)

14. Let

Then

Now

sp "" 2'1'nQ

3427 x 60
Torque Q,. 2'1' X 110

= 297kNm

C "" normal c:oDs/h at V knou

C l = conslb at reduced spea! of
0.8 V knou

42C l :.. C - 24 tonnelh

C == 0.136 + 0.001 yl
42

C - :!4 ~ 0.136 + 0.001 (O.SY)'
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Subtra<:tin&: ~ = 0.001 V' - 0.001 (0.512 V')

= 0.001 V' (1 - 0.512)

v' 42
:E 2.4 x 0.1)0) x 0.488

v = 15.31 knou

Reduced speed = 0.8 x lS.lI
"" 12.25 knots

C "" 0.136 + 0.001 x IS.3Jl
::: 3.722 tonne/b

Normal com/day"" 3.722 x 24
= 89.33 tonae

(a) Reduced cons/day = 89.33 - 42
= 47.33 tonne

(b) TIme taken to travel 800 nautical miIe$ at normal speed

_800
- 1S.31

- 52.26 h

Time taken at reduced speed ,. 1~

• 65.30 h

Fud consumption for 800 nautical miles at reduced speccl

• 47.33 x 6i:0
• 128.8 tOMe

Fuel on board wbm speed reduced
- 128.8 + SO
,. 118.8 tonne
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(c) Normal cons for 800 nm • 89.33 X S~6

:::a J94.S tonne

-n reduction in consumption 1<: J94·i9i.s 128.8 x 100

65.7 100"" i943 X

: 33.78'"

(d) • . .. 6$.30 - $2.26 100
-/0 lIu:rease 10 ume :K 52.26 X '

~x 100
- $2.26

-_ 24.95'"

J5. Complete waterplane area
..,. 160 x 22 x 0.865
_ 3045.8 m1

Intact waterplane a.rta ::::II: 3045.8 - 10.5 x 22
• 2814.8 m~

r------'- 12 ,", -_._.- --t

.... ./ . // /./ /</// // 1/ . //. ../ '/ ,
•......-¥ /// ////j/// 'i/::::-

\
_:; '., .// /1//// //./ .:::
/~ /./ '" "/' '/ . / .// ..

•• /'" ./A //_ .////// /'/)" //..
./ '. . ///1/// .. / //
.// ////(// ////

"'-''-''/..LL/'/' /./ / . / . .
F;g.IE5

It may be assumed that the wbole or the Jna$$ or the oil is
taken from the ship and that all the buoyancy of the compart­
mc:Dt is lost.
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Cross-sectional area of oil
_ t'l" x 1.21 + (22 - 2.4) x 1.2 + 22 (Il.S - 1.2)
- 2.26 + 23.52 + 226.6
- 252.38 m1

Immersed cross-sectional area
c 252.38 - 22 x 2.5
_ 197.38 m1

Mass of oil in companment

252.38 x 10.5
- 1.4

... )892.85 tonne

Mass of buoyancy lost
• 197.3S x 10.5 x 1.025
• 2124.30 tonne

Nett loss in buoyancy
• 2124.30 - 1892.85
• 231.S5 tonne

Equivalent volume

231.55
- T:02S
_ 225.9 mJ

Increase in drauJht

nett VOlume ot lost buoyancy
• area of intact waterplane

225.9
• 2sI4.8
• 0.0802 m

New draupn
c 9.08 m
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16.
! ,", j onI' SM """""0 0 1
2.4 13.82 4 55.28
5.0 125.00 2 250.00
7.3 389.02 4 1556.08
7.9 493.04 2 986.08
8.0 .512.00 • 2048.00
8.0 512.00 2 1024.00
7.7 .56.5l • 1826.12
5.5 166.38 2 332.76
2.8 21.95 • 87.80
0 0 I

8166.12

h ... 16 m

2
I ... § x 16 x 8166.12

:a 29035 m"

~BM... 8700 x 1.025

At angle of loll

11. Let

Then
For first 1.5 bours:

... 3.421 m

tan 6 ... ~-lf:tM

OM. -IBMIaD'8
: - ; x 3.421 x O.1'63~

... - 0.053 m

V... normal speed
C :a normal consumption per hour

24C :: normal consumption per day.

Cons/h ... C x(~) I

= C x e·l~VY

= l.64lC

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



330 aDo'S NA'tIAL ....CHITEcrulE FOIl. EN'GIf'iEERS

Cons for 7.5 hoW'S = 7.5 x 1.643C
: J2.12C

For next 10 hours:

Cons/h ::: C x (O.9J VY
"'" O.1536C

Coru: for 10 hours,.. 1.S36C

i.e. CODS for l7.S hours ::: 12.32C + 7.S36C
: J9.8S6C

Cons for remaining 6.S hours = 24C - 19.8S6C
::: 4.144C

... O.637C

Reduced speed V, _ V ..Jl"JffiR'''',~'''1''7''

~ O.86V

Normal distance traveJ.led/day ::: 24V

New d.istancc travelled/day ... 1.IIV x 7.5 + 0.91 V x JO +
0.86V x 6.S

"" 23.S4V

'" reduction in distance/day,.. 24V ;:3.S4V )( 100

"" 1.920/0

18_

T
I
s.
!

,--r--J L--'--- --,

•• .L7S-
--'---'----------------"=1

Fig. lE.6
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(a) Pre$Suce at lank top :E presslire exerted by pump -
pressure due to bead of water

,. 70 - 1.025 x 9.81 x (l - 0.075)

,. 60.70 kN/m'

Load on tank top = 60.70 x 6 x 12

= 4370 kN

,. 4,37 MN

(b) With 70 kN/m~ pressure:

maximum head above inlet "'" 70
1.025 x 9.&1

= 6.968 m

Maximum bead above tank lop
= 6.968 - 0.925

= 6.043 m

Hence the water will overflow and the maximum head above
the tank top is therefore 5 m.

Load on tank top - 1.025 x 9.81 x 6 x 12 x 5

= 3616 kN

- 3.616 MN

19. <al
Ad.

v v' .;
" Coerf.

10 1000 524.1 880 595.5
II 1331 524.1 1155 604.0
12 1728 524.1 1520 595.8
13 2197 524.1 2010 572.9
14 2744 524,) 2670 538.6
15 3375 524.• 3600 d91.1
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..
•..,
50

50

"0

'00

..0
00 " " 0' ..

SKI" S'HO • "
Fig.IE.7

(b) Corresponding speed of 120 m ship to 14 knots for 140 m
ship. _ 1m

'" 14 V140

== 12.96 knots

From graph at 12.96 knots, the Admiralty C~fficient is 574.6

I!> a L'

(140)'.. d - 12 QOC) X i2li

; 19056 tonne

Hence shaft power ==
19056; x 12.96'

574.6

= 2703 kW

20. 1---._.-.0 • _._._-j

=If u u Z2 27 Z Z zh2.;f.Z2 z t2 Z~=~.
1--. . .... -+... ~

Fig. tE.!
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Increase in mean draught "" 9 5~ ~O l~ 3

"" 0.529 m

New mean draught d l = 3 + 0.529
= 3.529 m

3.529KB1 = -2-

= 1.765 m

1,= ~ x 5Jl x 10

v = 60x lOx 3

BML = 51' x 10
12x60x 10 x 3

= 61.41 m

GML = 1.765 + 61.41 - 2.50
= 60.675 m

BB, 9= 2
= 4.5 m

Change in trim =
~ x 4.5 x60

~ x 60.675

= 4.45 m by the head

Change forward = + 4~5 (~ + 4.5)

= + 2.559 m

Change aft = _ ~5 (~ - 4.5)

= - 1.891 m

New draught forward = 3.259 + 2.559
= 5.818 m

New draught aft = 3.259 - 1.891
= 1.368 m
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,.

FiB·IE.9
Let L ::: length of vessel in m

Q ., density of wattt i.D tOl1be/mJ

2Q ::: density of mud in tOl1be/m1

x::: depth to which vessel sinks in mud

Oriiinal displacement = Q x L x 8 2X 4

"" 16 Q L tonne

This displacement remains constant.

Displacement of pan in mud = 2Q x L x

= 2qLx'

2.r x x
2

Displacement of pan in water S Q x L x 2~ + ~ + 4)

., QL (4x + 4)

16pL ~ 2Q~ + 4QLx + 4eL

16 ::z 2r + 4x + 4

_~ + 4x - 12 ""' 0

from which x = 1.646 m

i.c. vessel sinks 1.646 m into the mud.
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22. (a)
Q T

'-~,

(b)

'0 ,

'0 •

N. •

30 300

20 20

10 tOO

o

"

.00
ltl'l'/IOIN

Fog. lE.lO

v,.PxN

v.... 0.8 \/,

"0

, ,
IT'

'00

ISO - 0.8 x 0.4 x N

Rev/min N .. 469

At 469 rev/min, T =- 298 N and Q - 24.6 N m

Thrust power tp =- 298 x ISO
60

Delivered power dp =

• 74S W

ill.24.6 x 2.,. x 60

• 1208 W
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PropeJler efflcimcy :z Ji;

- 61.67~.

23.

..L··I"0"$"T··
I I

7$ .. L _I, r- •. --'"'1

Fig. IE, 11

New KG :: ~8!.lIQQ"'-"X';;f7;;.S",:..;1",00;;<-X"-0,,.",S
8100 100

60 750 - SO
• 8000

• 7.S88 m

New OM. 7,S + 0.4S - 7,588

• 0.362 m

Heeling moment = 100 x 4

t 100 x 4
an 8 • 8000 x 0.362

& 0.1381

Angle of hed9 .. '·52'
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24.
Ion! lonl' SM -=0.7 0.34 1 0.34
3.3 3S.94 4 143.76
S.S 166.311 2 332.76
7.2 373.2S 4 1493.00
7.S 421.88 2 843.76
7.S 421.88 4 1687.52
75 421.88 2 843.76
6.8 314.43 4 1257.72
4.6 97.34 2 194.68
2.2 10.6' 4 42.60
0 1

6839.90

h - 12 m

f- ~ x 12 x 6839.9

• 18240 m*

l!.MQ 1.025BM- llOOOx

• 1.70 m

2S. I tonne of stowed cario occupies 1.8 ID'

1 tonne of solid cargo Ott\lpies ;) or 0.625 m)

Hence ~ every 1.8 m l of space 0.625 ml is OCC\1pied by cargo and
the remainina 1.1" m) is available for water.

P b'll 1.17Sermea 1 ty = l"T
_ 0.653

Volume of lost buoyancy. 18 x 18 x 6 x 0.653
Area of intact waterplane • 85 x 18

18 x 18 x 6 x 0.653
Increase in drauebt • 85 x 18

• 0.830 m
New draught • 6 + 0.830

• 6.830 m
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2<;•....... ,... SM .."""" ..... -=AP 0.6 t 0.3 +4 + 1.2
t 2.7 2 S.4 +3t + 18.9

1 4.6 It 6.9 +3 + ZO.7
2 6.0 • 24.0 +2 + 48.0
3 6.3 2 12.6 +1 + 12.6

4 6.3 4 2S.2 0 + 101.4

S 6.3 2 12.6 -I 12.6
6 S.7 4 22.8 -2 - 4S.6
7 4.8 It 7.2 -3 - 21.6
71 2.0 2 4.0 -31 - 14.0
FP 0 1 -4

121.0 - 93.8

Common interval = .~

2 90
Area • '3 x T x 121.0

c 9(J7.S m2

LCF from midshi- • 90 x (101.4 - 23.8)
~ T 121.0

- 0.707 m aft

27.

T
I
I
,..

---_.

.---

.1--,
otT j. . I
I I n •.... ,
I I I

Fia. lE.12
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N KG
= 6600 x ).6 + 50 x 18

ew 6600 + 50

23760 + 900
= 6650
_ 3.708 m

New OM = 4.30 - 3.708
= 0.592 m

mxd
tan8=/1xOM

d
_ 6650 x 0.592 x tan 9.5·
- 50

Outreach of derrick = 13.18 m

28. 120 m ship;
Shaft power = 4100 kW

Effective power = <4100 x 0.6
~ ~kW

= R, x v

24«1 x 3600
R. = IS x 1852

- 318.8 kN

R, "" OSS R,

R, = OAS R,

= '43.46 kN

140 m ship: R, Ct L'

( ',4020)'R, = l43.46 x

= 227.8' kN

Sa Ll

S = 3000 x (~~y
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V"" 15 x~

E 16.20 knots

Rj _ 0.42 x 4083 x 16.201.1:&$

- 216.44 kN

R, Ie: 276.44 + 227.81

~ 504.25 kN

504.2' x 16.2 x 18S2
'P = 3600

= 4202 kW

s)) "" ep
pc

4202
• 0.6

- 7003 kW

29. Original displacement ... 30 X 9 x 0.75 x 1.025

:: 207.5 tonne

Chaa,e in mean drau&bt :: h X 100 fJa - PI\em
A .. ~.J

3.2 _ h x 100 (1.025 - 1.000\
30 x 9 1.025 x UXXJ)

3.2 x 30 x 9 x 1.025
h = 100 x 0.02S

.. 354.2 tonne

Careo added = 354.2 - 207.5

= 146.7 tonne

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



30.
t breadth SM r of a Ubr 'M f of m (M SM f of i, 1 , 2' 1 25 125 I 125

4 4 16 16 4 64 64 4 256
2 1 ·2 4 1 4 8 1 8

- - --
23 93 389

Area of tank. surface a = ~ x 233

.. 46 m~

Centroid from centreline - 2 ~3 23

z; 2.022 m

Second moment of area about centreline

= ; x 389

:::1 259.33 m·

Second moment of area about centroid

i ::: 259.33 - 46 x 2.0222

:: 71.26 m4

31.

Frtt surface effect sa a;•
1.00Cl x 71.26

.. 1.025 x 5000 x

= 0.0142 m

Smp.peed = I' x ~

= 7.717 m/s

. ~Apparent shp = .,
o .. V, - V

1.025
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v, _ v

• 7.717 m/s

PrClpel1eT pitch P • Ull.1.58

• 4.884 m

\I•• 7.717 (l - 0.31)

• .5.325 mls

R
-. lip 7.717 - 5.325
~ S ,., 7.717

• 0.31

R,-T(1-t)
K 360 (I - 0.20)

• 288 kN

ep _ 288 x 7.717

• 2222.5 kW

Propulsive coefficient· ~M05

- 0.729

32. Torque = force x )ever
- F" x b

_ snX22X(1.2XlSX~YXsin3SCXl.l

:0: 686 780 N m

But

•And J - ir'

6$6780 70 x 10'
.'. it' "" r
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rJ _ 686780 x 2
- 70 x 1()6 'If

r "'" 0.184 m
Diameter of stock

:: 368 mm

If the diameter is reduced to 330 mm:

T 70 x 10'
•i x 0.1654 0.165

T 70 x IO' x 'If x 0.165l

• 2

""'493920Nm

493920:0 S77x22x ~.2xVXi~)XO.5736Xl.1

V' • =;-::-..;-::"';'4f,93~9~2a:0,",X~3!!!6OO'~=,.,...:-:-;­
577 x 22 x 1.22 x 18522 X 0.5736 x 1.1

Ship speed V::E 12.72 knOts

33.
, ord SM product
0 1
3.0 4 12.0
5.5 2 11.0
7.3 4 29.2
7.5 2 15.0
7.5 4 30.0
7.5 2 15.0
7.OS 4 28.2
6.10 2 12.2
3.25 4 13.0
0 I

165.6

h :::I: 10 m
Waterplane area"" i x 10 x 165.6

"" II04m2

Intact waterplane area = 1104 - 15 x 15
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Immersed cross-sectional area "" 50 m~

Volume of lost buoyancy"" 15 x 50

"" 750 m2

Increase in draught "" ~;~

= 0.853 m

New draught = 4.353 m

34. Let m "" mass of ballast required

~ x OM,
MCTI em = 100 L

8100 x 96
= 100 x 85

= 91.48 tonne m

Trimming moment = m (33 - 2)
= 31 m

Change of trim t = ~~ ..: em by the stem

t (85 :IChange aft = + 83 '2 - 2)

= O.476t em

Bodily sinkage = ib em

New draught aft = old draught aft + 9~ + O.~t

0.476 31m
5.85 = 5.55 + O.OOlllm + 100 x 91.48

0.30 = 0.002726 m

Ballast required m = 110 tonne

Bodily sinkage = 1~0

"'" 12.22 em

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



sowno~TO CLASS I EXAMINATION QUESllONS 345

0'.' - rnm· _ 31 x 110_e In - 91.48

- 37.28 em by the: stem

Cbanje forward - - 3~-;8 (Sf + 2)

_ - 19.51 em

New draught forward _ 5.25 + 0.122 - O.1~5

=- 5.177 m

,

3S_ r-' --I
1:- I

I i
s c;i", -r-
I r t' j •
I • I' i
L L-.--'--'--"_...L-l.

Fig. 1£.13

Let x = relative demity of wood
Then draught d - SX
The limit or stability occurs when G and M coiocic1e.

S
KG = ~

d
KB = ~

BM=..2.
12d

Since KG"", KM
S d S'
Z=Z+TId
S Sx S'
2~2+TISX

I x 1
2~~+Th

Multiplying by 12:
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6+..J36 - 24
x - 12

Rdative density.r • 0.212 or 0.788

Jc may be seen on referring 10 the metacemric diagram that the
block will be unstabJ~ between these limits. Thus the relative
density must be below 0.212 or between-O.788 and 1.0.

36.
95Theoretical speed v, • .5 •.5 x ~

• 8.708 m/s

Real slip s ::

'..
v, - v,

"
8.708 x 0.8

'"' 6.966 m/s

Thrust power tp :: T x v,

:: 380 x 6.966

= 2647 kW

R,mT(I-t)

= 380 (I - 0.198)

""' 304,8 kN

ep_R,xv

• 304.8 x 15.5

.. 2430 kW

QPe. ~

2430
• iS40

x .illl
3600
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- 0.686

Wake fraction -= V - v,
V

c: 15.5 - €.966 x -iFJ
15.5

c: 0.126

37. <a) Description

(b) Free surface effect = QI;•
Ib'

= 12 v

/ x III
0.14 • 12 x 8500 x 1.025

I = 0.14 x 12 x 8500
1331 x 1.0:5

- 10.47 m

38. (a) Derivation of formula
(b) Change in draught due to density

8000 x 100 1.024-1.008
= TPCXlOO x t.024 1.008 x 1.024

• '.47 em increase

N~ mean draught - 7.075 m

Max. allowable draught -= 6.85 m

Required reduction in drauaht
::IE 0.225 m

Mass of ballast discharged

"" 22.S x 17 x ~:~

IE 376.5 tonne
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t:. i V)
Admiralty Coefficient ::: -­

'P
to; VI

Fuel Coefficient .. fuel cons/day

(b) With constant displacement and Admiralty Coefficient:

sp a Vl

~ (~\'
4120 ~ VI 1

VI .. 14.5S ..J''::

39.

(al

... 14.17 knots

At 14.17 knots fuel COilS - 541 kgth

... 541 x 24 x l<tl

... 12.98 tonne/day

Fuel coefficient = 14~ x 14·17)
12.98

:z:: 132700

40. Normal rudder force F"
-S77Avlsma N

Transverse (Orce F,
= 577 A ~siDQcoslJ: N

- 577 x 15(1.2X20X ~rxO.'XO.866

c S1l.29 kN

Heeling moment • 571.29 x (5 - 3.3) CO$ 8
= 971.2 cos 8 kN m

Riahtins moment ~ to, g GZ
.. 6gGMsin8

Steady heel will be produced when the heeline moment is equal
to tbe ri&htina moment.

12000 x 9.81 x 0.3 sin 8 _ 971.2 cos B
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Angle of heel

41.

971.2
tan 6 =: 12000 x 9.81 x 0.3

=: 0.0275

6=:1°36'

Trim =:

Change forward =:

1'= mu, L,g moment forward moment aft
Cargo 10 ()()() 3.0F 30 ()()()
Fuel I 500 2.0A 3000
Water 400 8.0A 3200
Stores 100 lO.OF I ()()()
Lightship 4 ()()() 2.5A 10 000

Displacement 16000 31 ()()() 16200

Excess moment forward :- 31 000 - 16200
= 14 800 tonne m

LCG from midships =: ~:=
"" 0.925 m forward

From hydrostatic data at 16 000 tonne displacement:
d = 8.25 m; MCTI em "" 179 t m; LCB = 2.02 m F;
LCF :::: 0.57 m A.

Trimming lever =: 2.02 - 0.925

=: 1.095 m aft

16 000 x 1.095
179

=: 97.88 em by the stem

_~ (120 057)
120 \ 2 + .

;; - 49.40 em

Change aft;; + 9i~8 ~J;O _0.57)

=: 48.48 em

Draught forward ;; 8.250 - 0.494

= 7.756 m
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Draught aft z 8.250 + 0.485

• 8.735 m

GZ
0.0226
0.0495
0.0856
0.1365

sin'
0.0872
0.1736
0.2588
0.3420

Riahtina: moment
Heeling moment

10 x 6<al

42. KB = 3iO
= 1.5 m

9'
BM = 12 x 3

... 2.25 m
OM z 1.5 + 2.25 - 3.5

·=O.25m
Displacement I:J. • 30 x 9 )( 3 x 1.025

• nO.25 tonne
= b X GZ

• 10 x 6
- 830.25 GZ
= 830.25 sin8(GM + +BMtan2 e)

= 830.25 sin 8 (0.25 +22~' 8)

0.07227 = sin 6 (0.25 + 1.125 Wl" 6)
This expression may be solved arapbically.

6 Ian' tan', 1.125 tan' ,
5° 0.0875 0.00766 0.00861

10" 0.1763 0.03108 0.03497
15" 0.2680 0.07182 0.08080
20° 0.3640 0.13250 0.14906

I I

I ' ...Ll_.Ll
ill I f

I

,
~"

.,

" '
!>,., ,

1 ;

, I

0·1 ..

0-"

0010
1,

"'• 0-0'

0-0.

0-0.

0·02

0 5- 10· lS" :z.r::f
ANCOU o~ HEEL

Fig.1E.14
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From craph wben GZ =- 0.07227

Angle of heel fJ = 13" 30'

GZ - GMsin 8

0.07227 = 0.15 sin 8

'. 0,07227
sm 1iI'. O.2S

~ 0.28908

Angle of heel 8 _ 16" 48'

43. Let Y = reduced speed in knots

Normally at V knots the consumption per day would be:

47 x (;;) tonne

22 "" 1.132 x 47 x (~)
VJ. 22 x 17'

1.132 x 47

Reduced speed V - 12.66 knots

3000
At 17 knots. ti.me taken • 17 x Z4

"" 7.353 days

anel voyaae consumption = 7.353 x 47

"'" 345.6 tonne

At 12.66 knots, time taken - 12.~~ 24

- 9.872 days

and voyaae coasumprion - 9.872 x 22

- 217.2 tonne

D'ff' ,345.6 - 217,2 100I erence m consumption'" 345.6 x

.. 37.15'11
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44.

45.

Thco

IlEED'S NAVAL AaCHlT!cruU FOa ENOlNfUS

~~.a . k ISO
~y SID aae ::a; "'if

"" 10 em

TrimJning moment ::10 ISO x (40 + 3)

MCTl em >= l~~x ~3~27

Cb
. tnm" 180 x 43 x 100 x 135

ange m "'" 14000 x 127

- 58.76 em by the head

Change (orwilId = + 58.76 n3S + 3)
135 \2

= + 30.68 em

Change aft ... _ ~8.76 1l3S _ 3)
135 \2

- - 28.08

New draught forward. 7.30 + 0.10 + 0.307
= 7.707 m

New draught aft,. 8.05 + 0.10 - 0.281
,. 1.869 m

Theoretical speed V. ::c 5.5 x 93 x 60
• 1852

- 16.57 knots

ship speed ,. y

and

-SV,::::V,-v

+ S. VI O.9V
V,

+ S V, - V, - O.9V

... (I)

... (2)
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Adding (1) and (2) 0= 2V, - 1.9V

V. 2 x 16.57
1.9

Ship speed V = 17.44 knots
Substituting for V:

-5= 16.57 - 17.44
16.57

0.0525
i.e. apparent slip = - 5.250;0
and real slip::: + 5.250;0

46.
! ord SM product lever product lever product

1 1 1 +4 + 4 +4 + 16
7 4 28 +3 + 84 +3 +252

10.5 2 21 +2 + 42 +2 + 84
11 4 44 +1 + 44 + 1 + 44

11 2 22 0 + 174 0 0

10.5 4 42 -I - 42 -1 + 42
8 2 16 -2 - 32 -2 + 64
4 4 16 -3 - 48 -3 + 144
0 1 -4 -4

190 -122 +646

(aJ

(b)

h = 15 m

Waterplane area A = t X 15 X 190
= 1900 mJ

TPC = 1900 X 0.01025
= 19.475

LCF from midships:i = 15(174 - 122)
190

= 4.11 m aft

(c) Second moment about midships
::: t X 15) x 646
= 1453500 m-

A XZ ::: 1900 x 4.1P
::: 32095 m-
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Second moment about centroid

- ) 453 500· - 32 095

41. Centrifugal force _ .tor v2

~ t)l x 1852\1
c 600 \ 3600 J

• 0.06 352 lJ.

Heeling moment - CF x GL cos 6

- 0.06 352 .to x 2.7 cos 8

Righting moment. 1J. g GM sin e
= 0.25 x 9.81 .to sin B

0.15 x 9.81 .to sin 8 • 0.06 352 x 2.7 A cos 8

tan 6 • 0.06 352 x 2.7
0.25 x 9.8)

- 0.06 993

Angle of heel 8 = 40

48.
v ... e:p • ep.lI: l.l QPe dp
IS .3000 3900 0.73 S142

16 37S0 487S 0.73 6678

17 4700 6110 0.72 8486

18 S6SO 714S 0.71 10345
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SQLUTIONS TO C'LASS I EXAMINAnON QUESTIONS 3 SS

9000

OELIVEUO

powtll.

8000

., -,..
'.:...J

) J

r~p
Ih

I I

ow

'00

'0

"
Fig.IE.IS

Total brake power'" 2 x 3500
'" 7000 kW

Total delivered power '" 7000 (I - 0.03)
= 6790 kW

From graph: service speed '" 16.06 knots

49. 8000 x 102
MCTI em '" 100 x 120

'" 68 tonne m

+ 100
+ 70

moment
,f<

+ 170

-7800

-3800

m~

+200
+ 100
+ 10
-300

+ 10

Note: The distances must be measured from the LCF.
distance moment
frorn F forward

20F +4000
IA
7A

26F

Fuel used
Water used
Stores used
Ballast added
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Bodil . k 10
ysm age - m

.. 0.57 em

Nett moment aft = J70 - (- 38(0)

:E + 3970 tonne m

Chanie in trim ., 3~~0

= 58.38 em by the stern

ChaDse forward .. _ a1§ mo+ 2)
120 \2

- - 30.16 em

Change aft : + a1§ (120 _ ·2\
120 \ 2 ~

- + 28.22 em

Original draught forward. 6.30 + 0.006 - 0.302

- 6.004 m

Original draught aft - 6.60 + 0.006 + 0.282

:a 6.888 m

so. v, _ S.S x 80 x 60
18S2

Wake fraction -

<aJ

(bJ

,.. 14.25 knOts

Real slip .. 14·~.2S 11

- 0.2281

or 22.81010

13.2 - II
13.2

- 0.167
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But

SOLlmONSTOClASS I E:X.UONATJONQUESTIONS 357

Thrust power z: 3000 x 0.7

:c: 2100 kW

thrust power :c: T x \I,

2100 x 3600
Thrust T - 11 x 1852

z: 371.1 kN

51.--.----,---

I
I

• o·

I
I
•

._._._.,
i
I,

.,. IS"

'UllIH"

12 , ....

Fig. lE.16 (a) Fig. IE.16 (b)

Load on stilfelm' - flg AH

E 1.025X9.81X4.8:5XO.6x4.:,

- 10.96 leN

Centre ofpressure from surface - j x 4.85

• 3.233 m

CeDue of pressure from top s. 3.233 + 1. J5

., 4.383 m

Taking momenU about the top

R• • 70.96 x 4.~85

• 51.86 kN

This is also the shear force at tbe bonom of the stiffmer.
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3.58 REED'S NAVAL ARCHlnCTURE FOR ENGINEERS

Length of weld metal = 2.5.5 + 2.55 + 100 + 100 - 12.5
= 697.5 mm

. Area of weld metal = 697.5 x 5

"" 3487.5 mm2

Sh - Id 51.86 x 1()3
ear stress In we "" 3487.5 x 1Q-6

:: 14.87 x 1()6 N/m2

:: 14.87 MN/m2

52. TankA, free surface effect :: ~J:
i _

= v sInce" = "I

Tank B, free surface effect

Tank C, free surface effect

12 x 1@ x 1.025
12 x 5000

z: 0.840 m

14 x 153 x 1.025
12 x 5000

= 0.807 m

14 x 163 x 1.025
12 x ~OOO

= 0.980 m

Volume of displacement ::

The tank with the lowest free surface effect is filled first and
thus they should be filled in the order B, A, C.

Note: Since the difference in free surface effect depends upon
the product (I x b3), this value could have been calculated for
each tank instead of the complete free surface effect.

53 1---------". -------------j

~:----. .+ ~ .-m--.-. n~.~'
\-.-1 '

Fig.IE.I7

Original mean draught = 3",_",0"5..:+:;;-2,,,_,,12.3
2

= 2.59 m
75 x 8.5 x 2.59

:::: 1651 m]
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SOlUTIONS TO CLASS I EXAMINATION QUESTlO"'-S

1 _ j.2.

359

37 5
0.46 4. )(2 X 3)(

LCB from midships "'" 75 x 2.59

""' 2.22 m aft
F"maJ volume of displacement

'" 75 x 8.5 x 3.0
= J912 mJ

37.5

Lca at midships
Increase in volume of displacement

= 1912 - 1651
"" 261 ml

The effect of this added volume is to bring the vessel to an
even keeL

Let x "" distance of Leg of compartment forward of midships
Taking moments about midships:

1912 x 0 = 1651 x 2.22 - 261 x .%

16SJ x 2.22
x = 261

'" 14.04 m
Immer~ erou-sectional area

= 8.5 x 3
,. 25.5 m'

... Length of compartment "" i;.~

""' 10.24 m

54. TPC = A", x 0.01 026

A 27.$.
" "" 0.01 026 m-

Change in drauiht = b. ~~OO (:. ~ :) cm

25 _ b. )(100)(0.01 026 (1.026-1.000)
- 27.5 1.000 x 1.026

A x 0.026- 27.5

1:>. = 25 x 27.5
0.026

.", 26 442 tonne
If. with this displacement. the vessel moves into the river

water, chen:
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360 REED'S NAVAi ARCH1TECT\]~EFOR ENGINEERS

~... . dr gh 26 442 x 1.026(1.026 - 1.012)
'-uauaem au t"'" 27.5 \).OI2xl.026

"'" 13.30 em

Thus tbe maximum allowable drauabt in the river water
:: 8.25 + 0.133
::: 8.383 m

Actual draught::: 8.44 m

.. Excess draught::: 0.057 m

TPC in river water:: 27.5 x :::

::: 27.12

Ex.cess mass::: 5.7 x 27.12
::: 154.6 tonne

55. r-._._".-_._.-i
"---r

w-r'n---'-------- , i
1

1

- • I I, i
I 1 ,.".

s. I • i !
! ~ I I

_L ._---i
~---.o. ---j

Fig. IE_lg

Breac1th at water level ::::II 10 + /, x 5

::: 12 m

Divide into a reet.angle A and two trian~ B.

Load on A • Of AH
., 1.025 x 9.81 x 10 x 5 x 2.'
• 1156.91 kN

Centre of pressure from WL :z i x S
• 3.33 m
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SOLUTIONS TO CLASS I EXAMINAnON QUESTIONS 361

Load on B = 1.025 x 9.81 x ! x 5 x ~ x 2

= 83.79 kN

Centre of pressure from WL = ! x 5
= 2.5 m

Total load = 1256.91 + 83.79
= 1340.7 kN

Taking moments about the waterline:
1256.91 x 3.33 + 83.79 x 2.5

Centre of pressure from WL = 1256.91 + 83.79

4189.7 + 209.5
= 1340.7

= 3.281 m
.'. Centre of pressure is 5.781 m from the top of the bulkhead.

56.
1°", , ordl SM prodUCI

5.5 166.38 1 166.38
4.6 97.34 4 389.36
4.3 79.51 2 159.02
3.7 50.65 4 202.60
3.0 27.00 1 27.00

--
944.36

h = 23
4

= 5.75 m

Second moment of area about centreline
= i x 5.75 x 944.36
= 1206.7 m·

Free surface effect = ~I~

02 _ 01 x 1206.7 x 1.025
. - 1.025 x 5350

Den ", f I""d 0.2 x 535051 Y 0 lqW PI = 1206.7

= 0.887 t/m3
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362 REED'S NAVAL ARCHrttCTURE FOR EN<llf'll:EIlS

Before bilging:

57.r- '-'00·_._-~:'It' 1I " ? ? ? " 1I llitJ.~ I I " I Ii 1Irt.
I 00 I
F~. IE.19

KB _ '
~

= 2,5 m

B'
8M ... 12 x S

lP
KG S 2.5 + /;(j - 0.8

_ 1.7 + :

BM'''''J2XIOOXBx5

lP
s/;(j

New metacentric height GM! • KB I + 8 1M I - KG

• 2.719 + : - ~.7 + ~)
"" 1.019 m

After bilcin&:

Increase in draught. )0 x B x 3
100 x B

"" 0.3 m
New draught. 5.3 m

100 x 5.3 x tj - 10 x 3 x ~
KB, = 100 x S.3 - 10 x 3

1404.5 45
= 100 x 50

.. 2.719 m

100 X Bt
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SOLUTIONS TO CLASS 1EXAMINAnON QUESTIONS 363

58. (a) Show that t:. i V'C--­sp

(b) Displacement - 160 x 22 x 9.2 x 0.765 x 1.025
"" 25 393 tonne

Th . a1 d V 4.0 X 96 x 60
eoretlC spee I "" 1852

"" 12.44 knots

Real slip 0.33 "" 12.44 V"
12.44

V. = 12.44 (I - 0.33)
"" 8.335 knots

V - Va
Wake fraction 0.335 "" V

0.665V "" Va

V _ 8.335
- 0.665

"" 12.53 knots

Admiralty Coefficient "" 25 39~~

= 585.9

12.533

At 15 knots: shaft power "" 2900 x Ci.~3Y

"" 4976 kW

59. Wetted surface area of ship

"" 2.57 ....)24 000 x 180
"" 5341 m2

Wetted surface area of model

= 5241 x (1~0) 2

"" 5.934 m2
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364

Model:

REED'S NAV..u ARCHlnCfURE FOR ENGINEERS

R,=40NinFW

Rj _ 0.492 x 5.934 x 3.61•w

= 30.24 N in F\\

R, - 40 - 30.24
_ 9.76 N in FW
= 9.76 x 1.025
- 10.004 N in SW

...

R, Q LJ

R, • 10.004 x e~)'

- 270 110 N

V 0: ..;r

V = 3.6.JfJ;-
= 19.72 knots

RJ ::: 0.421 x 5341 x 19.7ZLW

_ 518930 N

R, - SI8930 + 270110
• 789 040 N

1852 )
ep~ = 789 040 x 19.72x3600 x 10"

- 800S kW

60. <a> Description
(b) .....

3 tonne
3 tonne
6 tonne
3 tonne
3 tonne

6)18 tonne

Mean 3 tonne

­64mmS
116 DUD S

3mmS
54mmP

l13mmP

Mviation
64mm
S2mm

113mm
S7mm
S9mm

6)34$ mm

57.5 nun
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SOLVTlONS TO ClASS I £XA).I!NAnON Ql1ESTIONS 365

• 57.5
taD 11 ~ 5.5 x 1000

m x d
GM=~xta.D8

3 x 12 x 5500
- 8000 x 57.5

3' 0.430 m

61. Change in mean draught

_ fJ. x100 (os - "a) em
A.. ,?J. x "5

8000 x lOOx 1.024- 16 :x 100

= 12 em increase

Shift in centre of buoyancy

_PS-P'xFB.'

(
1.024 - 1.000\
l.ooo:x I.024j

_ 1.0~.0;.1.000 x (3.0 - 0.6) .

BB1 ~ 0.05625 m aft

Change in trim Zlt 800Q x 6~·05 625

_ 6.92 em by the head

New trim - 30 - 6.92
= 23.08 em

Moment required z: 23.08 x 65

.'. Distance moved by mass _ 23.08 x 65
SO

= 30.00 m
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366 REED'S N....V....LA.J.CHITECTUIlE FOil ENGINEERS

Total change in trim "" 30 em by the head

30 (110 )Change forward "" + iTo 2" + 3

"" + 15.8 em

Final level keel draught = 6.00 + 0.12 + 0.158
"" 6.278 m

62.

,.,
I

-,-'
i •
i
i c, ~'"

--F~3

I
','
i '

'-1
• i

i,.
i
I

__._-1-

Let

Fig. lE.20

x - height of water on side B

4x "" height of water on side A

Load on side A = Qg AH
= 1.025 x 9.81 x 4x x 14.5 x 2x
'"' 145.8 x 8;i!

Centre of pressure on side A = t x 4x from surface
= t x 4x from bottom

Load on side B "" 1.025 x 9.81 x x x 14.5 x 0.5x
= 145.8 x 0.5x2

Centre of pressure on side B = t x x from bottom

Taking moments about the bottom of the bulkhead:
2(145.8 x 8.x' - 145.8 x 0.5x') :

145.8 X 8x2 x ~ - 145.8 x O.5x2 x j
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soumONS TO CUSS I EXAM1NA.noN QUESTlOh"S 361

Dividing by 148.5,X':

2(8 0.5) _ 3;X _ °35,X

2. x 1.5 x 3
x~

3l.S
= 1.429 m

Height on side B 1.429 m
Height on side A ::: 5.1J6 m

ResuJtant load :w 145.s.r (8 0.5)
~ 2233 kN
~ 2.233 MN

16.3
3400
3842
4522

15.2
2670

3017.1
3551.1

14.1
2060

2327.8
2739.8

63. There are several methods of approach wil.h this
question. Probably the most straightfoNo'ard is to plot curves of
ep (trial) and ep (service).

V 13.0
ep. 1690
cp, 1909.7
C'p, 2247.7

"500

, ;
4000

HHCliVl I ; ,
'OWE"

••
3~00

•

3000
, ;,

2500 , ,

'000

" '" " ''''5 " IS'S " '"
SHl1 S'HD l .. OTS

Fig. lE.21
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At 14 knots.

(a) Required

368 REEO'S NAVAL ARCHITECTURE fOR, ENGINEER.S

ep (service) c 2675 kW
2675

ep (max) IE M
- 2970 !r;;W

ip = 297Q
0.72 x 0.965 x 0.87

1Z 4920 kW

(b) At ep 2970 kW. from graph:

Servi~ speed = 14.46 knots

Trial speed _ 15.14 knots

64.

•o
W
30"
<S"
60"

<aJ

4'

,.,.
o
0.2S9
O.SOO
0.707
0.866

GG, •
00, tin 6
o
0.0518
0.100
0.1414
0.1732

0.20 m
cz
o
0.38
1.00
1.41
1.20

TT

L

O,Z $M
o 1
0.43 4
1.10 2
1.55 4
1.37 1

, I ,

",a<iua
o
1.72
2.20
6.20
1.37

11.49

• ,.< :··H ~ t I ,

t"T, --;

o '0· 2 30- .d'
UIGll 0' Mtll

Fia. IE.n

",.

(b) Dynamical stability :c j X 5~\ x l1.49 x 9.81 x I' 000

= 147500 kN m
"" 147.5 MJ

PRADEEP@MSC SHIPPING

PRADEEP@MSC SHIPPING



65. Let

SOLUTIONS TO CLASS I EXAMINATION QUESTIONS 369

v = original speed
C = original cons/day
K "" original cons for the voyage

Cons/day Ct speed3

C ;: 25 "" (v +v 1.5) 3

Voyage cons Ct speed2

1~ = (V: l.sYm== V +VI.5

V + 1.5 == ..J'f]. V
= 1.095 V

V 1.5
= 0.095

.. Original speed = 15.79 knots

C (15.79)'
C + 25 = 15.79 + I.S

"" 0.7617
C = 0.76]7 (C + 25)

C (l - 0.7617) = 0.7617 x 25
C _ 0.7617 x 25

- 0.2383

Original consumption = 79.91 tonne/day

66.
Wiath SM product lever product I~tt product
6.0 1 6.0 0 0
6.0 4 24.0 1 24.0 1 24.0
5.3 2 10.6 2 21.2 2 42.4
3.6 4 14.4 3 43.2 3 129.6
0.6 1 0.6 4 2.~ 4 9.6--

90.8 205.6

1st moment =
h'
31:·
3'= '3 x 90.8

= 272.4 m3
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370 RU.D'S NAVAl. ARCHITl:CTUIl£ fOR ENGINEERS

Load on bulkhead -Qg X 1st moment
= 0.80 x 9.81 x 272.4
• 2138 kN-2.138 MN

Centre of pressUIe
2nd moment

= In moment

-!JJ;..
t.
3 X 205.6

• 90.8-6.79 m from top of bulkhead

67.
V(lcnolS)
ep(kW)
QPC
dp (kW)

12.50
1440

0.105
2042

dp •

13.25
1800

O.7J3
2525

...m...
QPC

14.00
2230

0.708
3150

"

, .

, ,

, .

, I

, '

_ .. - ! ...

~"~;" ---
,
r--]",

'. ' 1

I •

:.!....-: IG
. : -'~Y:

'.J'.;..7-.,--;-

, .

12·5 " 13·$
lNOT ~

,.

Fi2.1£.23
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Propeller thrust

SOLUTIONS TO CLASS I EXAMINATION QUESTIONS 371

From graph, when dp is 2385 kW,
Ship speed = 13.06 knots

At tbis speed, MI, = 0.365 and propeller efficiency = 0.581
Thrust power tp = 2385 x 0.581

= 1385 kW

Ship S...-A = 13 06 x 1852}"-...... . 3600

= 6.72 mls

0.365 = 6.7~.72 )'.

v~ "" 6.72 (l - 0.365)
= 4.266 mls

tp "" T x Vi

T ~ 1385
4.266

= 325 kN
68. 130.

r-'IO"'-i. "
,

f--._._._." _._._.--1
Fig. lE.24

Since initially the load. is uniformly distributed along the
vessel's length there will be no shearing force.

After tbe addition of the masses there will be shearing forces
due to the difference in loading along the length of the vessel.
Uniformly distributed load. B to D

_ 50g
- 25

= 2g kN/m
Additional buoyancy required

()fJ + 30 + 50) <
= \ 45

~ 2.444<
Shearing force at A = 0
Shearing force at left hand of B

= 2.444g x 10
- 24.44<
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372 REED'S SAVAL ARCHlTECTtJllE FOll ENGINEERS

Shearing force at right hand of B
,. 24.44g - 30g
• - 5.S6g

Shearing fOTceat C '* 2.444gx22.S-30g-2.0gxI2.5
- SSg - JOg - 2Sg

- 0
Since the vessel is symmetrically loaded, these values will be

repeated, but of opposite sign.

•

Fie. lE.25

The maximum shearina force occurs at B and D.
Maximum shearing force = 24.44g

= 239.8 kN

69. R1 "" T (l - t)
= 378 (I - 0.24)
= 287.3 kN

Ship speed = IS.s x ~
== 7.974' m/s

Effective power ep == 287.3 x '.974
= 2291 kW

v, """ 4.87 x 1.58
=: 7.69S m/s

O· 30 ... 7.69S - v,
. 7./195

>. = 7.695 (I - 0.30)
== S.386 m/$

T I -" r' 7.974 5.386ay or WiLAC factIOn w, "" 7.974
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Shaft power

SOLUTIONS TO CLASS I EXAMINA.TION QUESTIONS 373

:::s 0.324

~
$p ~ 0.97

:::I 3649.5 kW

Propulsive coefficient _ ~
.p

2291
~-3649.5

- 0.628
ep ,. ep~ + appendage allowance
ep" _ ~1

1.15
:::s 1992 JeW

Quasi·Propulsive Coefficient QPC
~

~ dp

1992.., I540
~ 0.563

Cbanie in trim required ""

m_

MCTI cm =70.

Lot

14000 x 120
100 x 125

= f34.4 tonne m
mass added
distance of mass from F
(8.5 - 7.9) 100

-60cm

Since the after draught remains constant, the change in trim
aft must be equal to the bodily sinkage.

Change in trim aft :::I ~5 e;5 + 3)

:::s 31.44 em

Bodily sinkage = ~

m
~ ~ 31.44

m ". 31.44 x 19
,. 597.36 tonne
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But chan&e in trim 60. In X d
MCflcm

d ,. 60 x 134.4
S97.l6

• 13.50 m forward
Thus 591.36 (onne must be added 16.50 m forward of

midships.

11. When a mass is suspended from a derrick heaa, its centre
of gravity may be taken at the derrick head.

(a) GO
I

_ 50~8

- 0.225 m up
(b) The mass has beeo moved the same distance:
i.e. GG I • 0.225 m up

(c) 00
1

_ SO x 12
- 4000

,.. 0.15 m up

Cd) GG 59 x I',. 4000

• 0.175 m outboard
72.

..L

SIDE 8

I
I

-.1. '--_----'_---'

--.'-'-'-'-
I SI O~ A

I,

Fig. 1£.26

Load on side A - fl' AH

,. 1.00 x 9.81 x 7 x 8 x ~

• 1922.76 kN
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SOLUTIONSTQCLA$S 1EXAMINATION QUESTIONS 375

Centreofpressurefrombottom = ~ m

Load on side B = 0.850 x 9.81 x 4 x 8 x ~

= SJJ.66 kN

Cent~eofpressurefrombottom = ; m

(a) Resultant load = 1922.76 - 5;3.66

= 1389.1 kN
,(b) Take moments about the bottom of the bulkhead:

7 4
1922.76 x '3 - 533.66 x

Resultant centre of pressure = 3"
1389.1

4486.44 7l1.54=
1389.1

- 2.718 m from bottom

73.

Product for Product for
Section != SM volume I~~ moment

AP 0.4 1 0.4 +5 + 2.0
1 7.6 , 30.4 +, + 121.6
2 21.4 2 42.8 +3 + 128.4
3 33.5 , 134.0 +2 + 268.0
4 40.8 2 81.6 +1 + 81.6

5 45.5 , 182.0 0 + 601.6

6 48.4 2 96.8 -I - 96.8
7 52.0 , 208.0 -2 - 416.0
8 51.1 2 102.2 -3 - 306.6
9 34.4 4 137.6 -4 - 550.4
FP 0 1 -5

1015.8 - 1369.8

(a) New Displacement = 2 x 9.15 x 1015.8 x 1.0253
= 6351.3 tonne

Original Displacement = 5750.0 tonne
... Mass of water added "" 601.3 tonne
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(b) Moment of buoyancy about midships

2== 3 X 9.151 x (1369.8 - 601.6) x 1.025

= 43 949 tonne m forward.

Original momettt of buoyancy _ 5750.0 x 4.6

:= 26 450 tonne m forward

.'. Moment of ballast about midships

- 43 949 - 26 450

- 17 499 tonne m forward

Centre of lI'&vity of ballast from midships
J7499

- 601.6

OE 29.09 m fON'ard

74. Mass of water pumped out.. 14 x 12 x 0.6 x 1.025
- 103.3 tonne

The centre of gravity of this water is 0.9 m above the keel.
Taking moments about the keel:

N KG ..: 7500 x 6.7 - 103.3 x 0.9
ew 7500 _ 103.3

SO 2S0 - 93.0a
7396.7

- 6.78J m

Free surface effect:o= ~

=
14 X 12) x 1.025

12 x 7396.7

_ 0.279 m

Original KM - 6.70 + 0.45
• 7.15 m

New GM • 7.15 - 6.781 - 0.279
- 0.090 m
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SOLUTIONS TO CLASS I EXAMiNATION QUESTIONS 377

75. Change in mean draught

= t. X 100 (Q~'~--:-,Q",Il.~ cm
A .. ell. X QS/

=

9100 x lOOx 1.024
16.8 x 100

9100 x 0.024
16.8

(
1.024-1.(l(lQ\
I.OOOx 1.024)

= 13.0 cm reduction

Shift in centre of buoyancy

= es - eR FB
Q.

= 1.0li .0rA} .000 x (0.6 + 2.25)

:: 0.0684 m

Change in trim '" 9100 x 0.0684
122

Change forward =

= 5.10 em by the stern

_ 5.10 (120 + 06\
120 2 . 'j

= - 2.6 em

Change aft = + ~'ig (1;0 - 0.6)

"'" + 2.5 em

New draught forward'" 6.70 - 0.13 - 0.026
= 6.544 m

New draught aft - 6.70 - 0.13 + 0.025
:: 6.595 m
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76.

I- ._- '0._ .--\

~t
T

Fig. lE.27
Mass added/tank = 2 x 10 x 1 x 1.025

... 2O.SO tonne

Total Ina$$ added - -41.0 tonne

mass/m _ ~s

:E 10.25 tonne

Weipt/m :III 10.25g kN

Buoyancy requiredlm = 4~gc

= 2.OS.

Hence. in way of ballaSt,

Excess load/m :c 10.25g - 2.051
= 8.20. kN

(a) With NO.1 and No. 10 tanks filled:

S.F. at aft end of vcssd = 0

S.F. at fore end of N.,. 10:111 - 8.lOg x 2
= - 16·408 kN

S.F. at midships :E

= 0
16.4Og + 2.05g x 8

S.F. at aft end of NO.1 = + 2.05g x 8
- + 16.4Og

S.F. at fore end of vessd = + 16.40g - 8.201 x 2
- 0
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SOLlmONS TOCLASS I EXAMIr.:ATlON QliESTlON$ 379

. , , . , •

F".IE.28
(b) With No.3 and No.8 tuks filled:

S.F. at aft end of vessel'"" 0

S.F. at aft end of No.8 = + 2.05: x 4
::: + 8.20g

S.F. at fore end of No.8 = ... 8.20g
- - 8.200

8.201 x 2

S.f. at midships::: - 8.20g + 2.058 x 4
- 0

S.F. at aft end of No.3 .... 2.058 x 4
- + 8.20g

S.F. at fore end of No.3::: ... a.lOg - 8.lOr x 2
• - 8.20g

S.F. at fore end of vessel _ 0

<1i·IE.29
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(c) With No.5 and No.6 tanks filled:

S.F. at aft end of vessel :::: 0

S.F. at aft end of No.6:::: + 2.05g x 8
:::: + 16.4Og

S.F. at fore end of No.5:::: + 16.4Og - 8.20, x 4
= - 16.408

S.F. at fore end of vessel :c 0

lO '\I • 7 6 • • •

Sllllol'NG 'OtCE C'''GUM

Fig.IE.3D
The muimum shearing force in c:ase (b) is half of (be max­

imum values in cases (a) and (c). Thus (b) is the best loaded
condition.

New draught"" 32 x 5.5 x 1.025

= 1.946 m

KB - 12!§.- 2

,., 0.973 m

,.._-==32=...::Xo...,<5~.5,-'-,~'"BM""":,,12 x 32 x 5.5 x 1.946

"" l.295 m

77. Final displacement,., 216 + 81 + S4
:::: 351 tonne
,., L x B x d x Q

351
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sor.vnoss TO CLASS 1 EXAM1t'IATIONQUESTIONS 381

KM :: 0.973 + 1.295
• 2.268 m

Final OM- O.l30m
.. Final KG :::r 2.138 m

Let x :: Kg of maehinery
3S1 x 2.138 = 216 x 1.8 + 81x + 54 x 0.15

750.44 '"" 3S8.8 + 81x + 8.1
81x = 353.54

Kg of machinery x "" 4.365 m

78. If a ship moves from sea water of 1.025 tlmJ into fresh
water of 1.000 t/mJ•

change in mean drauiht 31 40 ~c em

A
.. 23"'40 x 23

6.=-23x40x23
• 21 160 tonne

The draught in tbe river water is the same as the allowable
draught in the fresh water, but tbe displacmlenl is 202 tonne
&realer, Le. 21 362 tonne.

Let e. - density of river water
Volume of displacement in fresh water

:IIIt~mJ
1.000

Volume of displacement in river water

= 21 362 m}

••
But volume in fresh water :Ie volume in ri...·er water

21 160 21 362
1.000 -=~

21 362
Qa - 21 160

Density of the river water ... 1.010 t/mJ

79.
Speed ofadvanec (m/s) 1.22 1.46 1.70 1.94
Thrust (N) 93.7 72.3 49.7 24.3
Thrust power (W) 114.3 105.6 84.5 47.1
Torque (Nm) 3.90 3.23 2.50 1.61
Delivered power (W) 196.1 162.4 12S.7 80.9
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,.

Thrust power = thrust x speed of advance
Ot'~ivered power =- torque x 2... x revts

,.,,.,

,
,, I, I i ,.. , , I I, , I , I

"
, , , ;, • I !, ,

" , ;

'00
, , ! , !
,

, , I
,

!~'
.<>

I i I , , , , ,,
'0

, , , , , I ,, , , , , , ,
70" I , , , , I, , , , , , , , ,

L , , , , , , , I , ,.0

l
, , , i , , , , , , ;

.0 , , , , I , ,
, ,, , , '\..N,. ••

'0

'00

.0

"0

"0

100

..,
"0

"0

000

"0

Fig. lE.31

For ship dp - 3000 kW in sea water

Equivalent for model dp =- 3000 x (~·.~Y~ 11.:
- 178.6 W

From graph at this dp:
and at this speed:

(a) For ship

" .
tp.

tp.

1.348 rots
111.1 W

111.1 x (4.8 'J.$x 1,025
0.3/ 1.00

::l< 1866 kW

(b) Propeller efficiency 100

- 62.2'lt
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SOLlmONS TO CLASS I EXAMINATION QUESTIONS 383

so.
c.

0.78
0.82
0.85
0.88
0.90

Product fOf (I) Product for Prodlltl fOf (2)
SM volume lever vert. moment LCF lonal. moment

I 0.78 I 0.78 +1.30 -'"1.014
4 3.28 2 6.56 + 1.21 + 3.969
2 1.70 3 5.10 +0.93 +l.S81
4 3.52 4 14.08 +0.50 +1.760
I 0.90 5 4.50 -0.06 -0.054

10.18 31.02 8.270

(1) Levers taken from the keel
(2) Product of volume column and LCF

(a) Displacement of layer "" 1.;2 x 10.18 x 128 x 16.75 x
1.025

Drauplt
1.22
2.44
3.66
4.118
6.10

~

(ii) Vertical moment

"" 9097.8 tonne

(b)(i) Longitudinal moment "" 1322 x 8.27 x 128 x 16.75

1.22 x 8.27 x 128 x 16.75
3
~±------

1.22 x 10.18 x 128 x 16.75
3
8.27

= 10.18

=- 0.812 m forward
1.222

~ -3- x 31.02 x 128 x 16.75

1.222

-3- x 31.02 x 128 x 16.75
VCB of layer from keel =-

1.22 x 10.18 x 128 x 16.75
3

1.22 x 31.02
10.18

= 3.717 m

LCB of layer from midships

~

81. (aJ Second moment of area about LCF
h=Im-AT

= 2326048 - 2lJO x 4.6'
= 2 281 4(}() m4

BML "" IF
V

2 281 400 x 1.025
14 ()()()
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384 IlfEO'S NAVAL AACHTTECTUJl.E FOR ENGTN'EEItS

_ 167.03 m

GML-XB BML-KG
"'" 4.27 167.03 - 8.54
"'" 162.16 m

Men em "" t. too'lML
14000 x 162.76

2

100 x 140
"" 162.16 t rn

(b) Distance from LCF to aft end = If - 4.6

= 65.4 m
Change in trim over this distance _ 7.4S - 1.0

... 0.45 m

Change in trim over 140 m = ~~; x 140

'" 0.963 rn
Change in trim forward"" 0.963 - 0.45

E 0.513 m
New draught forward,. 7.0 - 0.513

... 6.487 m

(e) longitudinal shift in centre of. chanlt in trim x MCTl em
gravity t.

0.963 x 100 x 162.76• J4000

• 1.12 m aft
New position of centre of gravity. 0.88 + 1.12

:::0 2.00 m aft of midships

(d) Shift in centre of gravity • m x d•
m = l.l2 x 14 000

112

• 140 tonne

82. <a) ep. R, x v

RI-fSV"
- 1.432 x S946 x '11m

"" 8514.7 ylm x H)-I kN
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(b)

SOLUTIONS TOCLASS I EXAMINATION QUESTIOI'.S 385

R -~
f - 0.74

8514.7 ..,I.l2l x 10'1
0.74

= 11.506 v'·cs kN
11250,.,. 11.506 vlJZS x ..,

v:.m:>l~
11.506

v :>I 11.44 m/s
V,.,. 22.24 knots

sp ,.,. !l!
pc

~ 11250
0.60

,.,. 18750 leW
Fuel consumption/day,.,. 0.22 )( 18750 x 24 x 10'1

,.,. 99 tonne
ic Q' V)

AssumiIli that the specific consumption remains unchanged

Cons/day at reduced speed = 99 x ~O':':j
= 72.17 tonne

Actual cons/day _ 83 tonne
Increue in cons/day IE 10.83 tonne

P . 10.83 100ercentaae Increase • 72.i1 x

c IS

KI
2.6
4.7
6.1
3.4

83. (aJ

Light barge
Lower hold.
'tweend«k
Deep tank

Displacement

Mw
JOO

1000
SOO
200

2000

KG • !!lli!
2000

"" 4.605 m

~""
780

4700
JOS()

680

9210
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Angle of heel
Required

Change in

386 - REED'S NAVAL ARCHITECTURE FOR ENGINEERS

2000
Draught"" 60 x 10.5 x 1.025

::: 3.097 m
KB _ 3.097

2
::: 1.548 m

I
BM::: V

B'
= 12<1

10.51

~ :-;12'-X~3-;:.09;::;7

::: 2.966 m

(i) Metacentric height OM ::: KB + 8M - KG
::: 1.548 + 2.966 - 4.605
::: - 0.090 m

(ii) For an unstable, wall·sided vessel
tan1 8 ::: _ 2 OM

BM
0.180

- 2.966
8 ::: 13.880

OM::: + 0.15 m
KG - 0.[5 + 0.09

::: 0.24 m
mxd- •

m ::: 0.24 x 2000
(6.1 - 3.4)

Mass transferred ::: 177.8 tonne

84. (a) Let I ::: length of centre compartment
Volume of lost buoyancy ::: I x 12 x 7
Area of intact waterplane ::: (SO - l) x 12

Increase in draught 3::: I x 12 x 7
(80 - ~ 12

240 - 31 = 71
101 = 240

Lengthofcentrecompartmentl::: 24 m
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0.85 - 0.05

SOLUTIONS TO CLASS I EXAMll'olATIOl'ol QUESilO/'llS 387

(b) New displacement - 80 x 12 x 7 x 1.025
=- 6888 tonne

Cargo added _ 6888 - 888
- 6000 tonne

Len3th of end compartments _ 80 - 24
2

~ 28 m

. .~- IG"' _

Fig. lE.32

'i) Moment of buoyancy §!D 20
\' about midships 'IE 2 x x g

- 68880g
Moment of weight about _ ssg 20 3000 (14 12)

midships - 2 x XZ+ x + g

= 881lOr + 78 000g

- 86 8Wg
Bclldina moment at midships ,. 86 880, - 68 880,

= 18 000g kN m hog

(ii) Moment of buoyancy 6888 26
about midships" 2 x x ,

c 89S44g
Bendiog moment at midships ,. 86 880g - 89 544,

.. - 2664, kN m
• 2~, kN m sag

8 B " --,;""=-;;c-::3,,l~5,,1f'90'::-7-;;:;;­5. (a) Joe.. Coefficient C b • 325 x S6 x 22.4 x 1.025

• 0.85
W, ,. 0.5 x

- 0.375
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388 lfEIYS !'lAVAl. AJ.QflTECTlJRE FOa ENGIHE.US

Pitch p:c 7.4 x 0.85
:IE 6.29 m

"r • 6.29 x 1.5
,. 9.435 mls

R.eal slip :IE VI - V.V,
V.. ~ 9.435 (J - 0.4888)

"" 4.823 mls

Taylor wake fraction ~w, = v

4.17l
Ship speed v "" 1 _ 0.375

.. 7.717 mls

W"" 7.717 x 18~2

• IS.O knots
(b) Voyage COD:'WDption 0: V l

Y£, (f)'Vel -

VC,
(~)03VC1 =

V, c IS.J0.5
Reduced .peed V, E 10.61 knots

(e) Let distance travelled .. D
DAt service speed, time taken "" H x 24 days

D
At reduced speed, time taken"" 10.61 x 24 days

D
= 15 x 24 + 6

D D
. . 10.61 x 24 = IS x 24 + 6

O.OO393D - O.OO2&D c 6
D = S21S n.m.

. S2lS
(d) At savtce speed. = 16S x IS 24

fud required x
= 2390 tonne
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New ship

SOLlJTl()NS TO ClASS I EXAMINATION QUESTlON$ 389

At reduced speed, fuel required
,. 0.5 x 2390
= 1195 tonne

86. Wetted surface area S =- 2.58 ..113 716 x 137
_ 3537 m'

Effective power _ 4847 x 0.67
_ 3247 kW

Ship speed - l' knots

15 x 1852
= 3600
,. 7.717 m/s

Total resistance R, "" !2v
3247

"" 7.717
_ 420.8 kN

At L "" 137 (by interpolation)
1- 1.4163
Rj=fSV"

= I.4163x3537x7.717 1,w xlO-J

- 208.6 kN
R, - 420.8 - 208.6

- 212.2 kN
1:1) .. 18 288 tonne
R, a LJ

a •

18288
R, - 212.2 X 13 716

_ 282.9 kN

b. aLi

-J18288L 1 ... 137 13 716

- 150.8 m
SaL'

S, _ 3537 (1;~78)'
_ 4285 m1
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At correspondina speeds v a ..fl

• • VI "" 7.717 ..J1~i~
=- 8.096 mls

At L l t 1$0.8 (by interpolation)
f ~ 1.4149
R/- 1.4149 x 428S X8.096I.W X 10"'

• 27l.6 kN
R, = 27S.6 + 282.9

~ llB.l kN
rp = SS8.S x 8.096

• 4521 kW
4521

sP "" N.f
Shaft power $P • 6748 kW

'i~
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