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FOREWORD

I have known Capt. Subramaniam for over ten
years — a young enthusiastic mercantile marine
eificer with a dynamic persenality, always giving the
impression that he wants to accomplish more.

When he suddenly appeared at my office, 1 was
surprised — a proifessor wanting to see me! After
presenting me with a copy of his latest book
'Shipborne Radar' he said 'Sir, would you please write
the foreword to my book on stability? 1 was taken
aback by this unusual request, more so when he went
on to say that he had particularly decided, five years
g0, 10 request me to write the foreword to his book
on stability, even before he wrote the books on
Navigation, Meteorology and Radar.

This set me thinking about my first voyage, 1|
was a cadet fresh out of the training ship 'Dufferin'
and the passage, trans-atlantic in winter., The ship
rolled very heavily, olten as much as 35", creaking
and moaning. Crashing sounds were frequently heard
as various objects in  the cabins broke loose,
answering the call of gravity along the highly




inclined plane. [ thoroughly enjoyed myself in blissful
ignorance of terms in stability such as stiff and
tender ships, free surface effect, angle of vanishing
stability and progressive flooding, 1 shudder to think
what I would feel, if 1 was in the same circumstances
today, realising the implications of such a situation.

Capt. Subramaniam has attempted, and I would
say succeeded, in combining the theory and practical
application of stability, The book closcly follows the
best approach, Starting [rom the very basics, or
'‘beginning at the very beginning,' the book brings the
student steadily up to the required level in such a
manner that he can study it by himself, whilst out at
sea, hardly needing any other assistance.

I have specifically avoided Indulging In
paraphrasing about the biography ¢f the author. He
has by now become well established by his "Nutshell
Series'",

I understand that Capt. Subramaniam plans to
include the more complex topics on this subject in his
next book 'Ship Stability II' in the near future. 1 wish
him all success.

Ny s = !

(R.D. Kohli)




PREFACE

Like the earlier books in the Nutshell Series,
this book is intended for study whilst out at sea.

Part 1, this book, adequately covers the
syllabuses for Second Mate (FG) and the recently
proposed grade of WKO (Watch-Keeping Officer).

Part II, Nutshell Series Book 5, will contain
additional topics. Master (FG) and First Mate (FG)
will find that they require both the books to cover
their syllabuses.

Marine LCngineers also may find these two
books useful.

Bombay (H. SUBRAMANIAM)
13th September 1981.
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DENSITY &
Recative DeEnsiTy

Density of a substance is its mass per unit volume,.

Density = Mass
Volume

where mass is in tonnes (t); volume is in cubic metres
(m3) and density is in tonnes per cubic metre (tm-3).

Though mass may be expressed in kilogrammes
(kg) and density in kilogrammes per cubic metre
(kgm-3), the use of tonnes is more convenient in
stability. The density of fresh water is | tm=3.

Relative density of a substance is the number of
times the substance is heavier than fresh water.
Being a ratio, RD has no units.

KD = Mass of any velume of substance
Mass of an equal volume of TW

Considering a volume of Im3,

KD of substance = Density of substance
Density of fresh water

Since the density of fresh water is 1 tm-3, RD
of a substance is numerically equal to its density, if
density is expressed in tm-3,
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Some typical values are given below:

Derﬁitr EEL_
Fresh water 1.0 tm=3 1.0
Salt water 1.025 tm—3 1.025
Fuel oil 0.95 tm-3 0.95
Diesel eil 0.88 tm=3 0.8%
Dock water 015 tm=3 1.015

F.xmnEIE 1

A tarike has a volume of %00 m-. Find how
tonnes of SW (density 1.025 tm=3) it can hold,

Mass of SW

Volume x density
00 x 1.025
510 t

Answer: The tank can hold 410 t of SW.

Exarrtelﬁ 2

A tank can hold 320 tonnes of 5W. Find how
tonnes of oil of RD 0.8 it can hold,

AMass of 51
320
'|..|'

V x 1.025
320

1.025

Volume of tank 20 mI

025

]
N

=

Mass of oil

320 x 0.8

1.025

289,58 1

Answer: The tank can hold 209.8 tonnes of cil.

many

many

Volume of 5W x density of S5W

Volume of oll x density of oil




Example 3

A cylindrical tank is 10 metres high and has a radius
of 3 metres. If it is filled to an ullage of 2 metres,
with oil of RD 0.7, find the mass of oil,

Volume of oil x density of oil
(22 x 3 x 3 x 8) 0.7

7
1584 t

Mass of il

it

Answer : Mass of oil is 1534 tonnes.

Example &

A rectangular tank measuring 20 m x 10 m x 10 m
has an ullage pipe extending to 0.5 m above the tank
top. If the tank is 98% full of FW, find the mass of
FW and state the ullage.

Volume of FW

98 (20 x 10 x 10) m3
100

Mass of FW = Volume of FW x density of FW
= 98 (20 x 10 x 10) x 1
100
= 1960 t.
Depth of FW = 98 x depth of tank
100
= 98 x10=98m
100

& |

Height of ullage pipe J

Ullage'

E_I‘_EE height i

| Depth of FW :[




'

Free height inside tank = 10 — 9.8 = 0.2 m

Height of ullage
pipe above tank top = 0.5 in

07 m

Ullage

Answer : Mass of FW 1960 tonnes, ullage 0.7 metres.

Example 5

A rectangular tank is 20 m x 20 ny x 12 m. Find how
many tonnes of oil of RD 0.8 it can hold, if 2% of
the volume of the tank is to be left for expansion.
State also, the ullage on loading.

Volume of tank = 20 x 20 x 12 = 4800 m3
Volume of tank = Volume of oil + Free space
4800 =V + (2 x 4800D)

100
L2200 =V + 98
v = 4704 m3
Mass of oil = Volume of oil x density of oil

= 4704 x 0.8

= F6352 1
Depth of oil = 98 x depth of tank
100
= i}ﬂ 12 = 11.76 m
100
Ullage =12 — 1176 = 024 m
Answer : Mass of oil = 3763.2 t, ullage = 0.2 m.

'
—




ExamE!e [

In worked example 5, if it was required to leave 2%
of the volume of oil loaded for expansion, find the

mass of oil and the ullage on loading.

Volume of tank
L2800

L300
v

Mass of oil

Depth of oil

Ullage

Answer: Mass of oil

I n n n

{ L |

Volume of cil + Free space
V+(2 x V)
100
1.02V
4705.88 m3

Volume of oil x density of oil
4705.88 x 0.8
37647 t

Volume of oil
Area of tank surface

470588 = 11765 m
20 x 20

Depth of tank — depth of oil
12 — 11.765 = 0.235 m

3764.7 t, ullage 0.235 m.

Exercise 1

Density and relative density

1 A rectangular tank measures 16 m x I5mx6
m. Heow many tonnes of oil of RD 0.78 can it

hold?

A cylindrical tank of diameter 8 m is 10 m

high, 400 t of oil of RD 0.9 is poured into it.
Find the ullage, assuming 1T to be 3.1%16.
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A tank of 2400 m3 volume and 12 m depth, has
vertical sides and horizontal bettom. Find how
many tonnes of oil of RD 0.7 it can hold,
allowing 2% of the volume of the tank for
expansion. State the ullage on loading.

A tank 10 m deep has vertical sides, Its
bottom consists of a triangle measuring 12 m x
12 m x 10 m. Find the mas¢ of oil (of RD 0.8)
to be loaded, allowing 3% of the volume of oil
loaded for expansion. State the ullage on
completion of loading.

A rectangular tank measuring 25 m x 12 m x &
m has an ullage pipe projecting 0.3 m above
the tank top. Find the mass of 5W in the tank
when the ullage is 3.3 m.

A rectangular tank measures 30 m x 16 m x 1&
m, It has an ullage pipe prpjecting .5 m above
its top. Qil of RD 078 is to be loaded, The
pipeline leading from the refinery to the ship
is 10 km long and 40 c¢m in diameter. At the
time of completion, all the oil in the pipeline
has toe be taken. Find at what ullage the
valve at the refinery end must be shut so that
the final ullage in the ship's tank would be
078 m, State also, the mass of oil loaded
finally., (Assume 1T to be 3.1416).

A tank with a horizontal base and vertical
sides is 10 m deep and has a rectangular
trunkway 1 m high. The volume of the tank
alone is 8000m 3 and that of the trunkway 500
m3. Find the ullage when 5320 t of vegetable
oil of RD 0.7 is loaded.

A rectangular tank has a total depth of 21 m
and a volume of 10 600 m3, which includes a
trunkway of depth 1 m and volume 600 m3,
Find the ullage when 8320 t of oil of RD 0.8
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is lpaded,

A rectangular tank has a total depth of 10.5 m
and wvolume 8200 m3, which includes a
trunkway of depth 0.5 m and volume 200 m3,
Find the mass of cil of RD 0.8 loaded and the
ullage, if 2% of the volume of the tank is left
for expansion,

A rectangular tank has a total depth of 2]l m
and wvolume 10250 m2 which includes a
trunkway of depth 1 m and volume 250 m3,
Qil of RD 0.9 is to be loaded so as to leave
3%, of the volume of oil loaded, for expansion.
Find the mass of ¢il to be loaded and the final
ullage.
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WATER -
PRESSURE

Pressure s the load per unit area,

At any point in a liquid, pressure acts in all
directions and is expressed in tonnes per square
metre (tm=2). It may, if desired, be expressed in
kilo- Newtons per square metre (kN m-2) where |
tonne per square metre = 9,81 kilo-Newtons per
square metre OR in bars where | bar = 10.2 tonnes
per sguare metre,

Al any peint in a liquid,

Pressure = depth x density

tm-2= m x tm-3

Thrust is the total pressure exerted on a given
surface. Thrust is expressed in tonnes (t) but may, if
desired, be expressed in kilo-Newtons (kN) where |
tonne = 9.8]1 kilo-Newtons.

Thrust = pressure x area

1 1:r1'|_2 x me

ExarnEIE 1

Find the thrust on a keel plate 10 m x 2 m when the
draft of the ship is 5 m in salt water,

-
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Pressure =  depth x density

= 35 x 1025

= 5125 tm-2
Thrust =  pressure x area

= 2125 % 10 x 2

= 1025 t

Answer: Thrust on keel plate = 102.5 tonnes.

Example 2

A tank has a rectangular bulkhead 20 m wide and 10
m high. Find the thrust experienced by the bulkhead
when the tank is full of oil of RD 0.9.

Note: For calculating the thrust on a vertical
surface, the pressure is taken at the geometric
centre of the immersed part of the surface and
multiplied by the immersed area.

Pressure = depth x density
— 2 x 0.9
= &5 tm-2
Thrust = pressure x area
= 4-.5‘ x 20 x Iﬂ'
= 9001
Answer : Thrust on bulkhead = 900 tonnes.
Example 3

A lock gate is 30 m wide and 10 m high. The water
inside the lock is 7 m deep and of RD 1.005 and that




outside is 5 m deep and of RD 1.025.

16

r

resultant thrust and the direction in which it acts.

Considering tll.e_ water inside,

Pressure

Thrust

depth x density

7 x 1.005
2

3.5175 tm-2

pressure x area
35175 % 30 % 7
738675 t

Considering the water outside

Pressure

Thrust

Thrust cutwards

Thrust inwards

depth x density

2 x 1.023
pia

2.5625 tm-2

pressure X area
2.5625 x 30 % 5
384375 1

F38.675 t

n

IRGITS t

Answer : Resultant thrust = 3543 t outwards,
ExarT:E]E b
A deep tank 10 m wide and 10 m deep has

Find the

a

rectangular manhele (1.2 m x 0.6 m) at its forward
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end. The longer sides of the manlicle are lhiorizontal
and its lower edge is 0.7 m from the bottom of the
tank. Find the total pressure experienced by the
manhole cover when the tank is full of oil of ED 0.8
to an ullage of 1 m.

I jD mi 3 _T
E
L
F ‘T —-
!
b
Depth of tank = S0
Ullage = 1 m
Depth of oil = m
Height of C above
bottom 1 m
Depth of C below
eil surface = & m
Pressurc at C = Cepth x density
= E }- I::I-!IE
Ehf,l: '|_r:'.—2
Thrust = Pressure x area
= (‘!'I" 1 1-2 x GIE:'
= LH08'1

Answer ¢ Total pressurc on manhole = 4,608 tonnes.

Cxample 5

A collision bulkhead is in the form of a triangle 10 m
X 13 m x 13 m. Find the thrust experienced by it




12

when saltwater is run into the forepeak tank to
sounding of 9 m.

g —— SM— Rée— 5m —3
M o . o0 N
\ Tank | top ™
“'~___' P 5 Q i
Water |surface ¢
= &
G =
W it
I
% r
),
;
i
I.I' r
- LI_
o

In triangle ORN,
ORZ2 - ONZ . RNZ
£ it ek
= 4%
12 m
Depth of tank = 12 m

|,
=
1

Triangles O5Q and ORN are similar,

3¢ = 05 o ). = '"FxD = _IFI3m
i Ol 12

Arca of triangle OPQ = 1 (PQ ., C5) = SQ .05
= W3 x9

1175 w7,

I
Y]
s
o
W
=
Pl

Area of immersed part of bulkhead

Depth of C below water line =1 x9 = 3 m
3

=




Pressure at C

Thrust

Answer :

ExamEIe &

13

depth x density
3 x 1.025
3.075 tm-2

pressure X area
3.075 x 3375
103781 t

Thrust on bulkhead = 103.78]1 tonnes.

A double bottom:tank measures 20 m % 20 m x 1 m.

Its air pipe extends 12 m above its top.

Find the

thrust on the tank top when it is pressed up with salt

water.

Pressure at tank top

Thrust on tank top

Answer :

Water

| I and

Lhw

n

Ui sl

cxpetivieed by o

depth x density
12 % 1.025
12,3 tm-2

pressure X area
123 x 20 x 20
4920 t

Thrust on tank top = 4920 tonnes,

Exercise 2

ressure

il kel

plate 10 m x 2 m when the drait is & m in 5W,

2 A box-shaped vessel 150 m x 20 m X 12 m is
dock of RD 1.010 at an even

floating in a
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keel draft of 10 m, Find the total water
pressure experienced by the hull,

A submarine has a surface area of 650/m2 ang
can withstand a total water pressure of
1332500 t. Find at what approximate depth in
SW she would collapse,

A rectangular lock gate 40 m wide and 20 m
high has water of RD 1.010 12 m deep on one
side and water of KD 1.020 11 m deep on the
other. Find the resultant thrust cxpericnced
and the direction in which it acts,

A rectangular lock gate 36 m wide and 20 m
high has FW on one side to a depth of 16 m.
Find what depth of SW on the other side will
equalize the thrust.

A collision bulkhiead is triangular in shape, [Its
maximum breadth is 12 m and its height 15 m,
Find the thrust experienced by it if the
forepeak tank is pressed up to a head of 3 m
of SW.

A collision bulkhead is triangular shaped,
having a breadth of 14 m at the tank top and
a height of 12 m. As a result of a collision,
the forepeak tank gets ruptured and SW enters
the tank to a sounding of 9 m. Calculate the
thrust on the bulkhead. .

A tank has a triangular bulkhead, apex
upwards. Its base is 14 m and its sides, 15 m
each, It has a circular inspection hole of
radius 0.5 m. The centre of the manhole is 0.8
m above the base and 1.6 from one corner.
Find the thrust on the manhole cover when the
tank contains oil of RD 0.95 to a sounding of
10 m. (Assume 1 to be 3.14]6).
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A rectangular deep tank is 22 m x 20 m x 10
M Above the crown of the tank 1s a
rectangular trunkway 0.2 m high, 3 m long and
4 m wide. Find the thrust on the tank lid
when the tank is pressed up with SW to a head
of 2,64 m above the crown of the tank.

A double bottom tank measures 25 m x 20 m x
2 m. Find the thrust on the tank top when
pressed up to a head of 16 m of SW. Also find
the resultant thrust on the tank bottom, and
the direction that it acts, if the ship's draft in
SW is 10 m,




FLOTATI0ON

Archimedes' Principle states that when a body is
wholly or partially immersed in a fluid, it suffers an
apparent loss of weight which is equal to the weight
of fluid displaced.

Since the word fluid includcs both, liquids and
gases, and the fact that merchant ships are cnly
expected to be partially immersed in water, a
modified version of Archimedes’ Principle may be
called the Principle of flotation.

Principle of flotation: When a body is floating in a
liquid, the weight of liquid displaced equals to the
weight of the body.

Experimental explanation

L

Consider a rectangular watertight box 10 m x 1 m x
2 m, weighing 10 t. If this was lifted by a crane and
gradually lowered into a pool full of FW, the volume
of water displaced can be collected and measured.

It will be noticed that as the box is lowered
more and more into the water, the load registered by
the spring balance becomes less and less. Consider
the case when the draft becomes 0. m. The
underwater volume of the beox is then 1.0 m3 ie, the
volume of water displaced (overflow) is 1.0 m3. The
weight of water displaced or displacement is 1 t. So
the apparent loss of weight or buoyancy experienced
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by the box is | t. The spring balance now shows a
reading of only 9 t whereas it showed 10 t before
the box reached the water surface, Similarly when
the draft becomes 0.2 m, the displacement (or
buoyancy) is 2 t and the load registered by the spring
balance is 8 t.

L 10 tonnes

Spring \\"J balance

""6 = s
E 1 Graduated
B e — EEes
. T U Fresh water ey J
____ _____-____ ____ LS e X 1
O e D o e L e e M ke it

== 10 tﬂnncsé\
L%
\\ Water

displaced
- - %_—_— 4 _—_—\{avcrﬁmﬁ']
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The following would be the results, expressed as a
table

Droft Yoluma of Dsplocemant Lood registered by
displocement or buoyoncy sprimg balonce

0.00 m 0.0 m3 0.0 t 10 t

0.05 0.5 0.5 2.5

0.1 = 1 1 ?

0.2 2 2 8

0.4 L, L ' &

0.6 & & [

0.8 8 8 2

1.0 10 10 o

At a draft of 1.0 m, it is noted that the spring
balance registers zero indicating that the buoyancy
equals to the weight so that the body is now floating
freely.

From the foregoing it is clear that:

(i) The wolume of water displaced is the under-
water volume of the ship.

{ii) Duoyancy or displacement is the upward thrust
experienced by the ship, When the ship is floating
freely, its displacement (or buoyancy) equals to its
weight, The weight of the ship is therefore referred
to as displacement (W),

W = Veolume of water x  Density of water
displaced displaced
OR
W = Underwater volume x Density of water
of ship displaced
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While doing stability calculaticnsj density should

preferrably be in tm=2, volume inm 2 and displacement

nt

Example 1

A homogeneous rectangular loge6mxlmx 08 m

floats in 5W at a draft of 0.5 m, with its largest face

parallel to the water, Find its mass,

] = u/w volume x density of water displaced
W = 6x1 x05x 1.025 = 3.075 t

Since the log is floating freely, its displacement and
mass are equal.

Answer : Mass of log = 3.075 tonnes.

ExamEie 2

A homogeneous 'rectangular log émx1lSmx1m
has RD 0.7. Find its draft in FW., (Assume that the
log will float with its largest face parallel to the
water)

Mass of log = Volume x density
= 6X15xtx07
63 t

I

When [loating freely, mass = displacement.
W = u/w volume x density of water displaced

6-x 1.5 xdx 1
= 07 m

6.3

Answer : Draft in FW = 0.7 metres.
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E:-:arnE!E' 3

A homogeneous log of 0.5 m square section has RD
0.8, Find its draft in water of RD 1.02, assuming
that it will float with one face horizontal.

Let the length of the log be L metres.

Mass of log = Volume x density

L x 0.5 x 0.5 »x 0.2 tonnes

w = u/w volume x density of water displaced
W o= B Bagead-x-1.02

= Lx05xdx 102 tonnes

When fleating freely, Displacement = Mass
L X055 xdx102 = L x05x05x02
d = 65203 = 0392'm
1.02

Answer : Draft of log = 0.392 metres.

Figure for example &

10 m
o T~
| D I|
& =g |
II ;.J - E T -\.j‘f\_ ||
\ g a f
N\ L ey 0 ‘M\H f.-"
AN —— T >/ B
M rw!: ,f-
""-\..\_ 1 5 o
e e
o
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ExamEIE 1

A hollow, plastic cylinder of 1 m diameter and 10 m
length floats in FW at a draft of 0.2 m, with its axis
lorizontal, Find its mass,

OAR = OB = OC = 05 mradius
CD = 0.2 mdraft
OD = OC—=CD=03m

In triangle ODB,

DBZ2 - CBZ2 — OD2
s ST At
= Odé
DE = 04 m
Sin BOD = &4 = 0.8
'5
Angle BOD = 53.13°
Angle AOB = 106.26°
Area of segment AGBC = AOB
Area of circle 3e0"

Area of segment ACBC

mwrix AOB
~ 360

= 31416 x 0.5% x 106.26
360

0.232 m2
4 % 0.8 x 0.3
0.120 mZ

1]

Area of triangle ACE

n:
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Area of segment ABC = 0232 — 6.120

"
(N & BT

2

0,112 x 10
1.12 m3

Underwater volume

W

]

u/w volume x density of water displaced

F W = Li2 x|
= J.d2 t
Answer ¢ Mass of cylinder = 1,12 tonnes.
Cxample 5

A cylindrical drum of radius 40 cm and height 2 m
weighs 200 kg. Lead pellets are put in it until it
floats with its axis vertical, at a draft of It m in

SW. Find the mass of lead pellets in it, in
kilogrammes.

W = uf/w volume x density of water displaced
W = m.rid x 1.025
= 3.14l6 x & x 4 x 1.4 x 1.025
= BF213t
Total mass of drum and lead = 07213 t
Mass of drum = 0.2 t
Mass of lead = 0.5213 1t
Answer: Mass of lead pellets = 5213 kilogrammes.

Examgle &

A rectangular lidless box 6 m x 2 m x 1.5 m floats in
water of RD 1.005 at a draft of 0.6 m. Find the

N ——
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maximum mass of iron that can be put in it without
sinking it, when it is floating in SW.

W = u/w volume x density of water displaced

Maximum W a Bx2 % 15% 1.025 = 184501t
Present W = bx2x06x 1005 = 7236t
Difference of displacement = 11214t

Answer: In SW, it can hold |1.214 tonnes of iron.

ExamE]e 7

A rectangular barge 10 m x 5 m x 4 m, floating in
SW at a draft of 2 m, is being lifted out of the water
by a heavy-lift crane. Find the load taken by the
crane when the draft becomes 1.2 m.

w = u/w volume x density of water displaced
Wat 20 mdraft = 10 x 5x 20 x 1.025 = 1025t
WatlZmdraft = 10 x 5 x 12 x 1025 = 6l.5 t
Load taken by crane = difference = 410 ¢t
Exercise 3
Flotation
1 A rectangular log of wood 8 m long, 2 m wide

and 2 m high floats in FW at a draft of 1.6 m

with one face horizontal. Find its mass and
RD'

2 A rectangular log of wood 5 m x 6 mx 1.Om
weighs 6 t and floats with its largest face
horizental. Find its draft in SW and its RD.
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3 A rectangular log 3 m broad and 2 m high
floats with its breadth hcorizontal. [f the
density of the log is 0.7 tm-3, find its draft in
water of RD 1.01.

k& A cylinder 2 m in diameter and 10 m long
floats in FW, with its axis horizontal, at a
drait of 0.6 m. Find its mass.

2 *A barge of triangular cross section is 20 m
long, 12 m wide and 6 m deep. It floats in SW
at a draft of & m. Find its displacement.

£ A eylindrical drum of 1.2 m diameter and 2 m
height floats with its axis vertical in water of
RD 1.016 at a draft of 14 m. Find the
maximum mass of lead shots that can be put
in it without sinking it.

e |

A rectangular barge 10 m long and 5 m wide,
floating in SW at a draft of 3 m, is being
lifted out of the water by a heavy-lift crane.
Find the load on the crane when the draft has
reduced to 1 m.

8 A rectangular box 2.4 m long, 1.2 m wide and
0.8 m high, floats in water of RD 1.012 at an
even keel draft of 0.2 m. Find the maximum
mass of SW that can be poured into it without

sinking it,

9 A box-shaped vessel of 18450 t displacement
is 150 m long and 20 m wide, Find its draft
in SW,

10 A box-shaped vessel [20 m long and 15 m

wide is floatingin DW of RD 1.005 at a draft
of 5 m. If her maxmium pé#rmissible draft in
SW is 6 m, find how much cargo she can now
load.
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| IMPORTANT TERMS

Displacement is commonly used to denote the mass
of a ship In tonnes. Technically, it is the mass,of
water displaced by a ship and, when floating freely,
the mass of water displaced equals to the mass of
the ship, as explained in Chapter 3,

Pt S A

+ Light displacement is the mass of the empty ship
— without any cargo, fuel, lubricating oil, ballast
water, fresh and feed water in tanks, consumable
stores, and passengers and crew and their effects,

Load displacement is the total mass of the ship
when she is floating in salt water with her summer
loadline at the water surface,

Present displacement is the mass of the ship at
present. It is the sum of the light displacement of
the ship and everything on board at present.

+ Deadweight (DWT) of a ship is the total mass of
cargo, fuel, freshwater, etc, that a ship can carry,
when she is floating in salt water with her summer
loadline at the water surface,

II!l"ﬂ.i-'T of ship =

Deadweight aboard is the total mass of cargo, fuel,
ballast, fresh water, etc, on beard at present,

DWT aboard =

load displ — light displ

pfesen‘t displ — light displ
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*Deadweight available is the total mass of cargo,
fuel, fresh water, etc.,, that can be put on the ship at
present to bring her summer loadline to the water
surface in salt water.

DWT available = load displ — present displ.

«Waterplane coefficient (Cw), or coefficient of
finengss of the water-plane area, is the ratio of the
area of the water-plane to the area of a rectangle
having the same length and maximum breadth.

Cw = Area of water-plane
L % B
Area of water-plane = L x B x Cw
= L

+ Block coefficient (Cb), or coefficient of fineness of
displacement, at any draft is the ratio of the
underwater volume of the ship at that dralft to a
rectangular box having the same extreme dimensicons,

| Cb = Underwater volume P> S b

TS

Uinderwater volume = L x T; 8 d % Ch

The term block coefficient may alse be wused
with respect to a tank in which case it would be the
ratioc of the volume of the tank to the volume of a

rectangular box having the same extreme dimensions
as the tank.

VR TS R T
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Cp of tank = Volume of tank
LxBxD
Volume of tank = L x DB x D x Cp
L
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<Reserve buoyancy (RB) is the volume of the

enclosed spaces above the waterline. It maybe
expressed as a volume in m? or as a percentage of
the total volume of the ship.

RB Total volume — underwater velume

BB % = Above water veolume
Total velume

x 100

Reserve buoyancy is so called because, though it is
not displacing any water at that time, it i_ available
for displacement if weights are added or if bilging
takes place. Bilging is the accidental entry of water
inte a compartment, due to underwater damage and is
discussed in volume 1L

= Tonnes per centimetre (TPC) is the number of
tonnes required to cause the ship to sink or rise by
one centimetre. In SI units TPC is indicated as t
em-1 ,
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Considering 1 cm sinkage

l sinkage 1 cm .Lur__ll,l"lﬂ{] m

\ water-plane T area = A m?

Increase in underwater volume

A x L m3
100

Increase in W - A x density of water displaced.
160
Or TPC = A x density of water displaced
100

TR 1n SW — I % 1025 = 10250

100 ¢ 100
TRPC m PR = A w 1.GO0 = N

100 16
TPC in DW RD 1017 = A x 1017 = 1.017 A

100 100

In the foregoing formulae, the area of the
water-plane of a ship-shape has been considered
constant since the sinkage or rise being considered is
only 1 cm, However, the area of the water-plane of
a ship-shape usually increases as drait increases,
Hence, its TPC also increases as draft increases. In
view of this, calculations invelving TFC should
generally be confined to small values of sinkage or
rise, say less than about 20 cm, in the case of
ship-shapes. Otherwise, the accuracy of the
calculation will tend to suifer.

In the case of a box-shaped vessel, the area of
the water-plane is the same at all drafts and hence
its TPC does not change with draft.
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ExamEle 1

A box-shaped vessel is 120 m long and 16 m wide and
has a load draft of 8 m. 1f her present draft is 6 m,
find the DWT available.

W = ‘'uf/w volume x density of water displaced.
lLoad W = 120 x 16 x Ex 1025 = 15744 t
Present W = 120 x 16 « 6 x 1025 = 11808 1
DWT available = 15744 — 11308 = 3936 t
Exampie 2

The length and breadth of the water-plane of a ship
are 100 m and 12 m. I the coefficient of fineness of
the water-plane is 0.7, find her TPC in 5W and in FW,
Water-plane arca= L x B x C

= 100 x 12 x 07

= 840 m2

M= _P
AL fE;_U x density of water

In SW, TPC = % x 1025 = 8610 t cm-1

n P TRC = B2 % 1 = 8400 t cm-!

Examgle 3

A ship floating in DW of RD 1.010 at a draft of 5 m,
is 90 m long and 10 m wide at the water-line, If her
block coefficient is 0.72 and her light displacement is
1200 t, find the DWT aboard.

v = u/w volume x density of water displaced.
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Present W = Wx10x5x 072 x 1010
= 32724 t

Light W = 2000 t

DWT aboard = 20724 t

ExamElc &

A box-shaped vessel is 120 m long and 14 m wide and
12 m high. 1f her displacement is 13776 t, find her
reserve buoyancy % in SW.

W = u/w volume x density of water displaced.

13776 = V % 1025
V = 13776 = 13tlo m3

1.025
Total volume = 120 x 14 x 1Z = 20160 m3
RE = Total vol — underwater wvol

= 20160 — 134540 = 6720 m3

RB % = MAbove water volume
Total velume

x 100

— % |00 = 33,333%

L xan |E1f_= 5

A ship is floating in FW at a draft of 6.8 m. If her
maximum FW draft is 7.0 m, and her SW TPC is &0,
find the DWT available,

SWTPC = A x L0235
100

40 = A x L1025
100




Or A

FW TPC

Sinkage required
Cargo to load

DWT available
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= 40 x 100 = 39024 m2

A = 39024 = 39024 t cm-l
o0 100

70 — 68 = 02 m = 20 cm,
Sinkage x TPC =20 x 39.024
= 73048 t.

720,48 t.

1]

n

Exercise &

Displacement, DWT, RB, TPC, etc.

A box-shaped vessel 120 m long and 15 m wide
has a light draft of 4 m and a load draft of 9.8
m in SW. Find her light displacement, load
displacement and DWT.

A box-shaped vessel 100 m long and 14 m wide
is floating in SW at a draft of 7.6 m. Her light
draft is 3.6 m and load draft 85 m. Find her
present displacement, DWT abecard and DWT
available,

A ship is 200 m long and 20 m wide at the
waterline. If the coefficient of fineness of the
water-plane is 0.8, find her TPC in 5W, Fw
and DW of RD 1.015.

A double bottom tank 20 m x 10,5 m x 1.0 m
has a block coefficient of 0.82. Calculate how
much fuel oil of ED 0.95 it can hold.

A ship floating in SW at a draft of & m is 110
m long and 14 wide at the waterline, If her
block coefficient is 0,72, find her displacement.
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'
If her load displacement is 12000 t, find the
DWT awvailable.

& A wvessel of 14000 t displacement is 160 m long
and 20 m wide at the waterline. [If she is
floating in 3W at a draft of 6.1 m, find her
block coefficient.

|

A box-shaped vessel 18 m x O m X 2 m {floats
in SW at a draft of l.bt m. Calculate her RBX.

& A box-shaped vessel of 2000 t displacement is
30 m x 10 m x 7 m. Calculate her RB% in FW.
g The TPC of a ship in SW is 30. Calculate her

TPC in FW and in DW of BD 1.01R8.

10 A ship is fleating at a draft of 82 m in DW of
RD 1.010. If her TPC in 5W is 40, find how
much cargo she can load te bring her draft in
DW to 2.5 m.
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EFFecTt OF DensiTy ON
DRAFT & DISPLACEMENT

Part I: When displacement is constant

When a ship goes from S5W to FW, her draft
would increase and vice versa. This can be
illustrated by a simple example. Consider a ship of
10000 tonnes displacement,

W = u/w velume x density of water displaced

In salt water

10000 = Vg x 1,025
or Vgy = 10000 = 9756 m3
1.025

Underwater volume in SW = 9756 m3

In fresh water

10000 = Vgy x 1

or Vey = 10000 m3
Underwater volume in FW = 10000 m3

From the foregoing example it is clear that
when a ship goes from 5W to FW her underwater
volume (and hence her draft) increases, and vice
versa, though her displacement is constant.
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FRESH WATER ALLOWANCE

FWA is the increase in draft when a ship goes
from SW to FW and vice versa.

FWA = W
40 TPC
Where* W is the displacemeht of the ship in
salt water, expressed in tonnes.
TPC is the tonnes per: centimetre immer-
sion in salt water.
FWA is the fresh water allowance in
centimetres.
FWA of a

ship usually increases as draft increases, This is
because W depends on underwater volume whereas
TPC depends on waterplane area. As dralt increases,
both W and TPC increase but W increases at a faster
rate, Hence FWA, as calculated by the foregoing
formula, also increases as draft increases, The table
on the next page is taken from the hydrostatic
particulars on an actual ship in service.

The FWA calculated, by the foregoing formula,
for the summer load condition is called the FWA of
the ship. This FWA is mentioned in the loadline
cortificate and is considered constant for those
loadlines marked on the ship's sides — T, 5§, W and
WNA., When a ship is loading down to her marks in
FW, she can immerse her loadline by the FWA . of the
ship so that when she goes to SW, she would rise to
her appropriate loadline.

If it is desired to find the FW draft of the ship
when she is not immersed upto the loadline marked
on the ship's sides, the FWA must be calculated by
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the formula and added to the SW draft of the
that time,

ship at

Draft W TPC W = FWhA
m t tem=1 L0 TPC e
3.000 S478  20.90 5478 = £.L
D x 20.9
5.000 9788  22.08 9788 = 1.1
LD x 22.08
7.000 14299 22,95 14299 e 15.€
WD x 22.95
7.000 19051  24.14 19051 - 19,7
LD x 24,14
5,233 19617 26.28 19617 - 20,2
(1s0d LD x 24.28
draofi)

DOCK WATER ALLOWANCE

DWA is the increase in draft when a ship goes
from saltwater to dockwater, and vice versa, where
the dockwater is neither fresh not salt i.e, RD
between 1 and [.025. When loading in a dock, the
ship can immerse her loadline by the DWA so that

when she goes to sea, she would rise
appropriate loadline.

to her

When a ship goes from 5W to FW (change of

RD of .025) she increases her draft by FWA.

any change of RD between 1.025 and 1.000,

interpolation may be done. For example:-

Sa for
linear
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Change of Change of
D Dratft

S\ to EwW | 025 FW.
1.025 1.000 |
SW to Dw | 098 008 x FWA
1025" 1.017 025
SW to DW | 005 005 x TWA
1.025 1.020 | 025
Fw to DW T Dl6 016 x FWA
1.000 1.016 025
DW to DW | 012 012 x FWA
1.017 1.005 | 025

From the foregoing example, it is clear that:-

Change of draft - (_:_h.'_-m e of RD x FwA
R - 2 TR

The change of draft, so ebtained, would be in
the same units as the FWA — mm, cm or m.

This formula holds good for any change of RD.
However, when the change of draft is calculated
between SW and DW, it is called DWA, The term
dock water is wused here only symbolically to
represent water whose RD is between 1,000 and
1.025 and, for stability purposes, includes the water
of rivers, harbours, et¢., even though they may not
have enclosed docks.
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Part 1I: When draft is constant

When a ship floats at the same draft, on
different occasions, in water of diiferent RD, her
displacement each time would be different. This is
illustrated by a simple example,

Suppose the underwater volume of a certain
ship at 7 m draft is 14000 m3,

In SW, at 7 m draft, W = 14000 x 1,025 = 14350 1.
In FW, at 7 m draft, W = 14000 x 1.000 = 14000 t,

RD 1.01, at 7 m draft, W

14000 x 1.010

114l v,

RD 1.02, at 7 m draft, W = 14000 x L0OZ0 14280 t.

LOADLINES OF SHIPS

The following diagram shows the port and
starboard side loadlines of a cargo ship. To see the
port side loadlines, cover up the the right 1/3 of the
sketch. To see the starboard side loadlines, cover up
the left 1/3 of the sketch. The WNA loadline has
been included in dotted lines as it is only required by
vessels less than 100 metres in length, trading in the
North Atlantic during the winter season. The exact
limits and dates of the winter zone in the North
Atlantic are given in the loadline rules.

All the lines are 25 mm thick, are cut into the
shell plating and are painted white or yellow on a
dark background or black on a light background. The
upper edge of each loadline indicates its exact level.
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The top of the deck line indicates where the
top of the freeboard deck would meet the outer side
of the shell plating, if produced, Directly below the
deck line is the Plimsoll mark (or loadline disc) and
the vertical distance between them is called the
Statutory Summer Freeboard, The centre of the
loadline disc is at the middle of the upper edge of its
25 mm thick, painted, diametric line, The deck line
and the Plimsoll mark are situated exactly amidships.

Cxactly 540 mm forward of the disc is a
vertical line 25mm thick with horizontal lines,
measuring 230 mm x 25 mm, on each side of it. On
its forward side the lines are marked 5, T and W
(also WNA if applicabie}. The lines on the after side
are marked IF and TF.

The upper edge of the line marked 5 is in line
with the horizontal line of the Plimsol mark. In
summer zones, the ship can load up to this line In
salt water. The vertical distancc between the upper
edges of S and T (and also between S and W) is 1/48
of the summer draft of the vessel, The dates and
limits of winter, summer and tropical zones are given
in the loadline rules. The WNA mark, if applicable, if
situated exactly 50 mm below the W mark (measured
between their upper edges).

The wvertical distance between the upper edges
of the lines marked S and F, and also between T and
TF, is the FWA of the ship.

ExamEle 1

A ship's load displacement is 16000 t and TPC is 20.
I she is in DW of RD 1.010, find by how muc¢h she
may immerse her loadline so that she will not be
overloaded when she goes to sea.

FWA = w = 16000 = 20 cm
T | e 50 x 20
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DWA = (1.025 - dd) x FWA = (1.025 - 1.010) x 20
025 D25
= 12 cm

Hence, ship can immerse her SW loadline by 12 cm.

Example 2

A vessel of FWA 200 mm goes from water of RD
1.018 to water of RD 1.006, Find the change in draft
and state whether it will be sinkage or rise,

Change of draft = Change of RD x FWA
025

(1,018 - 1.006) x 200
D25

= 26 mm.

Since the RD of water has decreased the draft will

increase,
¥

Hence, the vessel will sink by 96 mm.

ExamEIE 3

A box-shaped vessel 24 x 5 x 3 m has a mean draft

of 1.2 m in DW of RD 1.009. Calculate her draft in

DW of RD 1.019.

W = u/w volume x density of water displaced.
In DW RD 1.009, W = 24 x 5 x 1.2 x 1.009

In DW RD 1.019, W = 26 x 5x d x 1.019

Since displacement is constant,

24 x Sxdx 1019 = 24 x5 x 1.2 x 1.009
d= 1-2 X I-GOB = 1.133 m
1.015
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Hence, draft in DW of RD 1.019 = 1.188 m.

Note: This problem could also be worked by
calculating the displacement, SW TPC, FWA and then
the change of draft, all by various formulae.
However such a method would be unduly tedious.

Example 4

A box-shaped vessel 20 x 6 x 4.5 floats in DW of RD

1010 at a draft of 2.6 m. Calculate her percentage

reserve buoyancy in DW of RD 1.020.

W = u/w volume x density of water displaced,
In DW RD 1.010, W = 20 x 6 x 2.t x 1.010

In DW RD 1,020, W = V x 1.020

Since displacement is constant,

V x 1.020
v

20 x 6 x» 24 x 1.010
285.176 m3

Total volume = 20 x 6 x 4,5 = 540 m3
Above water volume = Total volume - u/w volume

340 - 285.176 = 254,824 m3

RB% = Above water volume x 100 = 254,824 x 100
Total volume 560

= 47.19%

Hence, RB% in DW of RD 1.020 = &7.19%

Example 5

A vessel displaces 5000 t at a certain draft in DW of

RD 1.018. Find her displacement when floating at
the same draft in DW of RD 1.012.
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W = u/w velume x density of water displaced,
In DW RD 1.018, 5000 =, V x 1.018
or V = 5000 = 4911.591 m3,
1.013

Hence, u/w vol of ship at that draft = 4911.591 m3,

4911.591 x 1.012
a970.53 t
G271 1

In DW RD 1.012, W

1)

Example 6
A wvessel displaces 16000 t at her summer load draft
in SW. If she is now floating in DW of RD 1.015 with

her summer leoadline on the water, calculate how
much DWT is available.

W = u/w volume x density of water displaced.

At Summer load draft, 16000 = V x 1.025

or V= 16000 - 15609.756m3
1.025

Hence, underwater volume of ship at summer draft =
= 15609.756 m3

Present disp = 15609756 x 1.0i5 = 15843.9 t
DWT available = Maximum disp —— present disp
= 16000 — 158439
=156. t
=156 1t
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Example 7

A vessel is in SW with her summer loadline 60 mm
above the water on the port side and 10 mm above
the water on the starboard side. Find the DWT
available, if her TPC is 40.

Obviously, the wvessel is listed to starboard. Since
both, port and starboard loadlines are of same name

(above water), mean distance from water will be half
the sum of the distances.

Mean distance of loadline = 60 + 10 = 35 mm
2

Hence, when upright, loadlines will be 3.5 cm above
water,

DWT available = Sinkage x TPC = 3.5 x 40
140 t

ExamEIE 2

A wessel is in SW with her port summer lpadline 20
mm below water and her starboard, 200 m above.
Find the DWT available if TPC is 30

Cbviously the wvesscl is listed 1o port.  Since the
loadline on one side is above the water and the
other, below the water (different names), the mean
distance of the loadline from the water will be half
the difference between the distances, The name
(above or below) of the mean distance will be the
same as that of the larger of the two distances,

Mean distance of loadline = 200 — &0 = 60 mm
2

Hence, when upright, leadline will be 60 cm above
water.
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DWT avaialable = Sinkage x TPC = 6 x 30
= 1801t
Example 9 '

A vessel floats in DW RD 1.016 with her winter
loadline 100 mm below water on the port side and
180 mm below water on the starbeard side. 1If her
FWA is 200 mm, TPC is 24 and summer load draft is
9.6 m, find DWT available.

Port winter loadline is 100 mm below water

Stbd winter loadline is 120 mm below water

Mean distance from water

1 (180 + 100)
140 mm below

Hence, when upright, winter loadline will be 1% cm
below water,

Distance W to S = ]l x Summer draft
T
= 1 ¥ 96 =02m
s 3
= 20 cm

Hence, distance from present waterline to S
= 20 - 14 = & cm

DWA = (L.025 - 1.016) FWA = 009 x 200 - 72 mm
025 L25

DUWA = 7.2 em

Hence, total sinkage permissible = 6 + 7.2 = 13.2 cm

TPC = x density of wa‘er

A
100
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Note: TPC given is always SW TPC unless specifi-
cally stated otherwise,

In SW, 26 = A x 1025 or A = 24
100 100 1.025
InDW, TPC= A x 1.0l6 = Fi x l.0le
100 1.025
= 2379 tem-l

DWT available = sinkage x TPC = 13,2 x 23.79 = 314t

Examgle 10

A vessel arrives at port X at the mouth of a river,
Her displacement is 12000 t and arrival draft 577 m
in RD 1,020. She is to cross a bar upriver before
entering port Y. The depth at the bar is 6,0 m and
RD 1.005. If her TPC is 25, find the minimum
quantity of cargo to off-load at port X so that she
may cross the bar with an under-keel clearance of
0.5 m.

FWA = W = 12000 = 12 cm
L0 x1PC G0x25
Change of draft = Change of RD x FWA
025
= (L020_ - 1.005) x 12
L2
B 7.2 cm = JO72 m
Depth of water over bar = 60 m
Under-keel clearance -~ 0.5 m
Max draft to arrive at bar = 3.3 m
Change of draft due to RD = 0.072 m
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Max draft on dep port X = 5428 m
Draft on arrival port X = 2770 m
Required mean rise at port X = ! 0342 m

= 3#-2 Crﬂ'
TPC at Port X = 25 x 1020 = 2488 tcm-l

1.025

Cargo to discarge = rise x- TPC

= 342 x 24,88

= 8509 t

Hence, required to discharge 251 t at port X.

Note: The TPC given is always the SW TPC unless
clearly stated otherwise, The TPC used in the {inal
stage of this problem is the TPC at RD 1.020
because the cargo lightening operation is being
carried out at port X whose RD is 1.020. This is
purely of academic interest because any cargo
calculation invelving TPC is appreoximate only. If the
SW TPC was used in this problem, the answer would
be only & tonnes different. In actual practice at sea,
the displacement of the ship at the required draft of
33 m in RD 1.005 would be found out (using the
hydrostatic particulars of the ship) and that,
subtracted from the present displacement, would
give the quantity of cargo to off-load at port X.
This is explained in Chapter 17,
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Exercise 5

A ship of 16000 t displacement and TPC 20 is
floating in SW at a draft of 80 m. Find her
drait in FW.

N ship goes from water of ED 1.008 te SW.
Find the change in draft, if her FWA is 180
mm, and state whether it would be sinkage or
rise.

A vessel goes from water of RD 1.010 to FW,
If her FWA is 160 mm, state whether she
would sink or rise and by how much.

A ship of FWA 175 mm goes from water of RD
1,006 to water of RD 1.018. Find the amount
of sinkage or rise.

A ship's stability data book gives her load
displacement to be 18000 t and TPC to be 25.
If she is now loading in DW of RD 1.018, by
how much may her loadline be immersed so
that she would not be overloaded?

A box-shaped vesscl 20 x & x 2 m has a mean
draft of 1.05 m in SW. Calculate her draft in
DW of RD 1.012.

A box-shaped vessel 18 x 5 x 2 m floats in DW
of RD 1,000 at a draft of 1.4 m. Calculate
her percentage reserve buoyancy when she
enters 5W,

The hydrostatic particulars of a ship indicate
that her displacement in 5W at a draft of 5 m
is 3000 t. Find her displacement when floating
at 5 m draft in water of RD 1.018,
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A vessel displaces 4500 t of FW at a certain
draft. Find her displacement at the same
draft in water of RD 1.020.

A ship 100 m long and 20 m wide, block
coefficient 0.8, floats in SW at a mean draft
of 20 m, Calculate the diffierence in
displacement when floating at the same draft
in FW,

A vessel displaces 14 500 tonnes, if floating in
SW upto her winter load-line, If she is in a
dock of RD 1.010, with her winter load-line on
the surface of the water, find how much cargo
she can load, so that she would float at her
winter load-line in 5W,

A wvesse]l of 12000 t displacement arrives at
the mouth of a river, drawing 10.0 m in 5W.
How much cargo must she discharge so that
her draft in an upriver port of RD 1.012 would
be 10.0 m.

A vessel floating in W of RD 1.005 has the
upper cdge of her summer loadline in the
waterline to starboard and 50 nim above the
waterline to port. If her FWA is 180 mm and
TPC is 24, {ind the amount of cargo which the

vessel can load to bring her to her permissible
draft,

A vesscl is floating at 7.8 m draft in DW of RD
1.010. TPC is 18 and FWA is 250 mm. The
maximum permissible draft in SW is 8.0 m.
Find the DWT available,

A wvessel's statutory freeboard is 2.0 m. She is
loading in DW of RD 1.015 and her freeboard
is 2.1 m. TPC = 24. FWA = 200 mm. Find the
DWT available,
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A vessel is lying in a river berth of density
1.010 tonnes per m3, with her summer loadline
20 mm above the water on the starboard side
and 50 mm above the water on the port side.
Find how much cargo she can load to bring her
to her summer loadline in 5W, if her summer
displacement is 15000 tonnes and TPC is 25.

A vessel is floating in dock water of RD 1.005
with her starboard WNA mark 30 mm below,
and her port WNA mark 60 mm below the
water line, If her summer SW draught is 8.4 m,
TPC is 30 and FWA is 160 mm, calculate how
much cargo can be loaded to bring the vessel
to her summer draught in SW.

A vessel is loading in a SW dock and is lying
with her starboard Winter loadline 60 mm
above and her port Winter loadline 20 mm
below the surface of water. 1f her summer
draught in 5W is 7.2 m and TPC is 20, find
how many tonnes of cargo the vessel can lodd
to bring her down to her Tropical loadline in
SW.

From the following details, calculate the DWT
available: — Present freeboards: port 3.0 m,
starboard 2.9 m in water of RD 1,020, FWA
200 mm. TPC 30, Statutory summer freeboard
28 m.

From the following information, calculate the
DWT available upto the Tropical loadline in
SW:-

Present freeboards: port 1.68 m, starboard
1.79 m in RD 1.017.

Tropical SW freeboard : 1.63 m
Tropical SW draft : 9.6 m
FWA 150 mm, TPC 204




CENTRE
OF GeaviTy

The centre of gravity (G or COG) of a ship is
that point through which the force of gravity may be
considered to act vertically downwards, with a force
equal to the weight of the ship.

The position of the COG oi a ship is indicated
by its distance in metres from three reference lines:

(i) Its height above the keel. This distance is
referred to as KG where K represents the keel. KG
affects the stability of the ship.

(ii) Its distance from the aiter perpendicular (A)
of the ship. This distance is referred to as AG. AG
affects the trim of the ship.

Note: The after perpendicular (A) of a ship is the
after part of the stern post. If the vessel does not
have a stern post, then it is the axis of the rudder
stock.

Some shipyards use midships (1) for reference
instead of the after perpendicular (A). The distance
of the COG is then referred to as HG, in this boolk,
but then it must be stated whether the CQOG is
forward or abaft midships in each case. HG affects
the trim of the ship.

Note: Midships is taken to be the line drawn at
rjgﬁt angles to the keel, midway between the
forward and after perpendiculars.
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(iii) Its distance from the centre line of the ship.
This distance causes the ship to list. Since mariners
like to keep their ship upright at all times, this
distance should preferably be zero.

The position of the COG of a ship depends on
the distribution of weights on board and not on the

total weight.

When a weight is added (loaded), the COG of
the ship moves directly towards the COG of the
added weight.

When a weight is removed (discharged), the
COG of the ship moves directly away from the COG
of the removed weight,

When a weight already on board is shifted, the
COG of the ship moves in a direction paralie]l to that
moved by the weight.

The foregoing statements are illustrated by
the following figures wherein G is the COC of the
ship before leoading/discharging/shifting and Gi is the
COG of the ship after the loading/ discharging/
shifting is completed,

5o far, only the direction of shift of COG has
been considered, The distance through which the
COG would move is given by the following formula:

Sles. Rl B9
W
Wherein,

GGy is the shift of COG of ship in metres.

w  is the weight loaded/discharged/shifted,
In tonnes,

W is the final displacement of ship in
tonnes ie, after the weight has been
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Effect of adding a weight
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Effect of shifting a weight
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loaded/discharged/shifted.

d When loading/discharging, d is the
distance in metres betwen the COG of
the ship and the COG of the weight,

When shifting a weight, d is the
distance moved by the weight.

In stability calculations, the vertical,
longitudinal and transverse movements of COG are
calculated separately., In other words, the actual
movement of COG is split into its three components
and each component is calculated separately, as
shown in later chapters,




Finar KG

Part 1: Considering a single weight only.

When loading, discharging or shifting a single
weight, the vertical shift of the COG of a ship is

given by the Tormula:- ~
GGy, = wd
w
Wherein,

GG, : Vertical shift of COG of ship iIn
metres,

w : Weight loaded/discharged/shifted in
tonnes.

“J'

Final displacement of ship in tonnes.

d + When loading or discharging, 'd' is
the vertical distance between the
COG of the ship and the COG of
the weight.

When shifting a weight already on
board, 'd' is the wvertical distance
moved by the weight.

Exa mEle 1

In a vessel of 12000 t displacement, KG 9 m, 200 t
of cargo was shifted from the upper deck (KG 12 m)
to the lower hold (KG 2 m). Find the new KG.

M, ™S
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1Z m

KG of cargo whileonUD
KG of cargo when in LH

Zm

Hence d = 10 m downwards
GGid= wd = 200x 10 = 0,167 m
W 2000
Original KG = 9.000 m
GGai¥ = 0.l67 m
KGi: or new KG = 8233 m

Example 2

In a vessel of 7850 t displacement, KG 84 m, 150 1
of cargo is loaded on the UD (KG 10 m). Find the
final KG.

Final W = 7850 + 150 = 8000t
Cargo
w = 150t, d = l&m E
N
GG: = wd = 150 x 16 = 003 m =
W %000 v
= =
Since the cargo was loaded above the ole
COG of the ship, GGa: will be upwards. E
Original KG = 8400 m =
GG: T = 0,030 m K
KGy or new KG = 8430 m

Example 3

In a ship of 12300 t displacement, KG 10 m, 300 t of
cargo was discharged from the lower hold (KG 2 m)
Find the final KG.

Final W = 12300 — 300 = 12000 t.
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w = 300 1, d=8m G
GG, = wd = 300x8 = 02m e
W 12000 =
o
Since cargo was discharged from below "
the COG of ship, GG, will be upwards. ,E =
Original KG = 10,0 m Cargo
E
. GGat = ‘02m 2

KG, or new KG = 10.2 m K

Examele &

On a vessel of 6000 t displacement KG 7.4 m, how
many tonnes of cargo may be discharged from the
lower hold (KG 2.0 m) in order to have a final KG of
80 m ?

Old KG = 7.4m Original W = 6000 t
New KG = 80 m Discharged = w
GG, ¢ = 0.6 m Final W = 6000 - w
GG, = wd or 06 = w(5h) or w= 6001
W W
Hence, cargo to discharge = 600 tonnes.
Example 5

A vessel of 11 000 t displacement has KG 63 m. A
jumbo derrick is used to shift a weight of 250 t from
the lower hold (KG 3 m) to the UD (KG 85 m). The
head of the derrick is 19.5 m above the keel. Find
the KG of the ship:

(a) When the weight is hanging by the derrick and
(b) When the shifting is over.
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This problem is to be worked in two stages

Stage l: As soon as the weight is lifted off the
tank-top, the COG of the weight shifts from the LH
to the derrick head.

KG of weight when in LH = 30 m
Height of derrick head above keel = 190'm
Hence, d = l6om

GG, b= wd = 250 x 165 = 0375 m

11 0G0
Original KG = 6300 m X
GG, 1 = 03753 m
KG, or new KG = 6675 m

Hence KG at the end of stage 1 = 6,675 m answer (a).

Stage 2: As soon as the weight is placed on the
upper deck, the COG of the weight shifts from the
derrick head to the UD.

Height of derrick head above keel = 125 m
KG of weight when on UD 5 &35 m
Hence, d = 110 m
GGy= wd = 250x1l = 0250 m
W 11 OGO
New KG (end of stage 1) = 6675 m
GG, = 0,250 m
Final KG (end of stage 2) = 6425 m

KG when shifting is over = 6425 m answer (b),
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Example 6

A vessel of 6000 t displacement, KG 7.1 m,
loads a heavy lift weighing 150 t by her jumbo
derrick whose head is 16 m above the keel. If the
weight is placed on the tween deck (KG 8 m) find:
(a) the KG when the weight is hanging 1 m above

the tween deck and

(b) the KG when the loading is over,

Stage l: As soon as the jumbo derrick takes the
heavy Tift off the wharf, the COG of the weight acts
on the derrick head —  equivalent to loading the
weight 16 m above the keel. The height of the
weight above the deck is of no importance,

6150 t
89 m
wd = 150x89 = 0217 m
W 6150
Original KG
GG, t
KG, or new KG

Final W = 6000 + 150
" - 16 - 7.1

7100 m
0.217 m
7317 m

n

Hence, KG at the end of stage 1 = 7.317 m ans{a)

Stage 2: As soon as the weight is placed on the TD,
the COG of the heavy [ift shifts from the derrick
head (KG 16 m) to the TD (KG &8 m). i.e., d = 16 - 8 =
& m downwards

GCG,4 = wd = 150 x8 = 0195 m
W 6150

New KG (at end of stage 1) = 7317 m

GGl = 0I95m

Final KG (at end of stage 2) = 7.122 m




61

Hence, KG after shifting is over = 7.122 m ans (b).

Exercise 6
Final KG by GG formula

In a vessel of 8800 tonnes displacement and
KG 6.2 m, 200 tonnes of cargo was loaded in
the lower hold, 1.7 m above the keel. Find the
final KG.

600 tonnes of cargo were discharged from a
vessel from the upper deck 11 m above the
keel. 1f the original KG and displacement
were 6 m and 12 600 tonnes, calculate the
final KG.

In a vessel of 9900 tonnes displacement and
KG 4 m, a heavy lift of 100 tonnes is loaded
on the UD (KG 15 m). Find the final KG.

300 tonnes of cargo was discharged from the
lower hold (KG 3 m) of a vessel whose
displacement and KG before discharging were
11500 tonnes and 6.3 m, Find the final KG,

500 tonnes of cargo was shifted 15 metres
vertically downwards in a wvessel of 10 000
tonnes displacement. Find the effect it has on
the KG of the vessel and state whether KG
increases or decreases.

In a vessel of 9000 tonnes displacement, KG
10.5 m, 300 tonnes of cargo was shifted from
the LH (KG 2.5 m) to the UD (KG 11.5 m).
Find the resultant KG of the vessel.

In a vessel of 9009 tonnes displacement, KG
87 m, how many tonnes of cargo can be

loaded on the upper deck (KG 15 m) so that
the final KG would be 9 m?
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X A heavy L detvicky, win e el b= 20
above the keel, is to shift a locomotive
welghing 00 Lamies o Hie LY (0 & ) 1o

the LH (KG 2 m). If the displacement and
initial KG of the vessel were 12000 tonnes and
76 m, find the KG of the vessel (a) when the
derrick has taken the weight off the U} and
{b) after shifting is over.

2 On a vessel of 4,950 tonnes displacement, KG
9.2 m, the ship's jumbo derrick is used to load
a weight of 50 tonnes from the wharf, on to
the UD (KG & m). If the head of the derrick
is 25 m above the keel, calculate the KG of
the vessel da) when the weight is hanging by
the derrick on the centre line but 2 m above
the UD, and (b) after leoading.

10 A ship's derrick,whose head is 22 m above the
keel, is used to discharge a weight of 20
tonnes (KG 5 m), lying on the centre line. If
the wvessel's displacement and KG before
discharging were 6000 tonnes and & m,
calculate the KG (a) as scon as the derrick
lifts the weight and (b) after discharging.

Part II: Considering several weights

The GGy formula, which seems adequate when
considering a single weight at a time, becomes
impracticable for general use of ships because
several weights are loaded, discharged andfor shifted,
at a time. In such cases, the calculation of final KG
is done by taking moments about the keecl

The initial moment of the weight of the ship
about its keel plus the moments about keel of all
weights loaded minus the moments about keel of all
weights discharged gives the final moment, This final
moment about keel divided by the final displacement
of the ship gives the final KG. In cases where
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1ﬂrlﬁ||l'- have been shilted  vertioally, the w cight
multiplied by the wvertical distance shifted gives the
-lu.uup:" Iy eanendy Lo b zachledd 68 bt <hdl !

upwards; to be subtracted if the shift is downwards,

Calculation of final KG by taking moments
about keel can be done even when only a single
weight is being loaded, discharged or shifted.

ExamElE 7

On a ship of 10 000 t displacement, KG 7.75 m, the
following changes took place:

1000 t of cargo discharged from No.2 LH, KG 4.0 m,
2000 t of cargo discharged from UD, KG 9.8 m,

200 t of FW taken into peak tanks, KG 6.5 m.

500 t of fuel oil taken into Not DBT, KG 0.5 m.
300 t of carge shifted from No2 TD to No.2 LH,
through a'vertical distance of 8 m.

Find the final KG of the ship,

Welght (L) K Mament by Keel(tm)
Remarks Looded Disch (m) Looded Nigch:
Ship 10,000 - 71.75 77,500 o
2lH Corgo - 1,000 &0 - L, 000
UD Corge - 2,000 7.8 - 19,600
Peoks FW 500 - 6.5 3,250 -
HFO & DBT 500 - Q.5 220 -
Total 11,000 3,000 B1,000 23,800
3,000 23,600
Final W = 8,000 57,400
500 t shifted 8 m down (-] 4,000

Finol moment = 53,400
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Final KG = Final moment = 53,00 = 6.675 m.
Final W 2,000

Exercise 7

Final KG by moments about keel

A ship of displacement 2000 t and KG &2 m,
doads 300 t of cargo (KG 2.0 m), 200 t of
carge (KG 3.2 m) and 500 t of bunkers (KG 1.0
m). Find her final KG.

A ship of displacement 3000 t and KG 3.9 m,
loads cargo as follows:- 200 t in No.l LH (KG
3.0 m), 300 t on deck (KG 6.4 m), 150 t in No.3
TD (KG 52 m) and 350 t in No& LH (KG 4.0
m). Find the final KG,

A ship of load displacement 10,000 t, KG 6.0
m, discharges cargo of 250 t (KG 3.0 m) and
150 t (KG 8.0 m). Find her final KG.,

A ship of displacement 12,000 t, KG 43 m,
discharges cargo as follows:- 200 t from No,l
LH (KG 26 m), 250 t from Neo2 TD (KG 3.4
m), 1000 t from No3 LH (KG & m) and 550 t
from UD near No.5 (KG 8 m). Find final KG.

Ship of 2000 t displacement and KG 3.66 m,
loads 1500 t (KG 5.5 m), 3500 t (KG 4.60 m),
and takes 1520 t of bunkers (KG 0.60 m). She
discharges 2000 t cargo (KG 244 m) and
consumes 900 t of bunkers (KG 0.40 m). Find
the KG at the end of the voyage.

A ship of 3200 t displacement, KG 6.2 m, loads
5200 t of cargo (KG 42 m). Find the amount
of deck cargo (KG 10.4 m) that can be leaded
so that the KG shall be 6.0 m when leoading is
completed.
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A ship of 2600 t displacement, KG 4.88 m,
loads 4600 t of homogeneous cargo (KG 5.0 m).
Find how much deck cargo (KG 10 m) may be
loaded to obtain a final KG of 511 m.

A heavy-lift derrick is used to discharge a 100
t package from a ship of displacement 8000 t,
KG 82 m. If the KG of the weight while on
board is 3 m and if the derrick head is 25 m
above the keel, find the KG of the ship (a)
while discharging and (b) after discharging,

On a ship of 15000 t displacement KG 7.9 m, a
weight of 200 t is loaded on the UD (KG 12
m) using the ship's Stulken derrick whose head
is 30 m above the keel, Find the KG of the
ship (a) while loading and (b) after loading.

.- J

On a ship of 11000 t displacement KG 7.2 m, a
shore crane is used to shift a 180 t heavy-lift
from the UD (KG 12 m) to the LH (KG 3 m)
Find the KG of the ship {a} during shifting and
(b) after shifting.




8
CENTRE
0OF Buovancy

The centre of buoyancy (B or COB) of a ship
is that peint through which the force of buoyancy
may be considered to act vertically upwards, with a
force equal to the weight of water displaced by the
ship. It is the geometric centre of the water
displaced i.e., the geometric centre of the underwater
volume of the ship.

The position of the COB of a ship is indicated
by:

(i) Its height above the keel. This distance is
referred to as KB.

(i1) Its distance from the after perpendicular of
the ship. This distance is referred to as AB. Some
shipyards use midships (H) for reference instead of
the after perpendicular (A). The distance of the
COB is then referred to as HB, in this book, but then
it must be stated whether the COB is forward or
abaft midships in each case.

Note: Definitions of the after gperpendicular and
midships are given in chapter 6.

Both KB and AB depend on the shape and
volume of the underwater portion of the hull and are
therefore dependant on the ship's draft. KB and AB
(or HB) are given in the hydrostatic particulars of
the ship in the form of curves or tables against draft.
Further explanation of AB is given in volume II under
the heading 'Trim'.
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The KB of a bhox-shaped wvessel would be
exactly hall the draft, if the vessel 1s upright and on
an even keel. The KB of a ship-shape will, however,
be a little greater than half draft, as illustrated by
the following figures: ;

1
I
box-sha pe ship-shape
| ]

— ) —
R e e
o

|
1
1
i
]
1
K

From the above figure, it is obvious that if
the shaded part of the box-shaped figure is removed,
the figure becomes ship-shaped. The KB of a
ship-shape would, therefore, be about five to ten
percent more than half its draft.

KB of a triangular-shaped vessel would be

two-thirds of its draft, when on an even keel and
upright, as shown in the following figure:

X i
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|
|
1
|
d
]
]
]
]
1
W




68

Exercise 8§

Centre of buoyancy

A box-shaped vessel of displacement 1640 t is
50 m long, 10 m wide and 8 m high, Find her
KB in SW, if she is on an even keel and
upright.

A box-shaped vessel 60 m x 10 m x 10 m
floats in DW of RD 1.020 at an even keel
draft of 6 m. Find her KB in DW of RD 1.004,

A triangular-shaped vessel of displacement 650
t floats in DW RD 1.015. Her water plane is a
rectangle 30 m x 8 m. Find her KDB.

A triangular-shaped vessel floats in 5W. Her
water plane is a rectangle 40 m x 12 m. |If
her KB is 3.6 m, find her displacement.

A homogeneous log of wood 3 m x 075 m x
0.75 m floats in SW with one face horizontal.
If the RD of the log is 0.8 m, calculate the
vertical distance between its COG and its
COB.

A homogeneous log of wood of 0.5 m square
section floats in water of RD 1,005 at a draft
of 0.4 m with one of its faces horizontal. Find
the vertical distance between its COG and its
COBR in water of RD 1.020.

A cylindrical drum of 0.8 m diameter and 1.5 m
height weighs 10 kg. 490 kg of steel is put in
it such that it floats with its axis vertical in
FW. Find its KB. (Assume T to be 22/7).

A barge is prism-shaped such that its deck and
keel are identical and parallel; its sides
vertical, Its deck consists of three shapes —
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triangular bow of 12 m each side; rectangular
mid-part 80 m long and 12 m wide;
semi-circular stern of radius 6 m . If the light
displacement of the barge is 500 t and it has
5000 t of cargo in it, find its KB when
floating on an even keel in 5W. (Assume IT
to be 3.142).

The deck and keel of a flat-bottomed barge
are identical. Its sides are vertical. The deck
consists of two sections — the bow is a
triangle 12 m broad and measures 12 m in the
fore and aft direction; the mid-body is a
rectangle 50 m long and 12 m broad. If it is
floating on an even keel in 5W with a
displacement of 3444 t, find the position of its
COB with reference to the keel and with
reference to its after end.

A barge 45 m long has a uniform transverse
cross-section throughout, which consists of a
rectangle above a triangle. The rectangle is 8
m broad and 4 m high. The triangle is apex
downwards, 8 m broad and 3 m deep. If the
displacement of the barge is 1620 t, find the
position of its COB with reference to the keel
and also with reference to the after end, if it
is upright and on an even keel in FW,
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TRANSVERSE

STATICAL STABILITY

While studying statical stability it is important
to distinguish between list and heel,

List L]

List is the transverse inclination caused by
unequal distribution of weights on either side of the
centre line of the ship. In other words, list is caused
when the COG of the ship is not on the centre line
— an internal cause. A ship with a list will become
upright only if the COG is brought to the centre line.

Heel

Heel is the transverse inclination of the ship,
caused by external forces such as wind, waves,
centrifugal force during course alterations, over-tight
moorings in port, etc. Since no transverse shift of
weights has taken place on board, the position of the
COG of the ship remains unaifected by heel

Transverse Shift of B

When a ship is floating in still water, her COG
and COB will be in a vertical line. The forces of
gravity and buoyancy, being equal and opposite, will
cancel each other out and the ship will be in static
equilibrium,

When a ship is heeled over to one side, say to
starboard, her underwater volume increases on the
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starboard side and decreases on the portside. The
COB, being the geometric centre of the underwater
volume of the ship, will shift to the lower side
(starboard side in this case), as shown in the
following figure:-

In the foregoing figure :

b is the geometric centre of the emerged wedge
(of the part that came out of the water due to
heeling).

b1 is the geometric centre of the immersed wedge
(of the part that went underwater due to
heeling).

B is the COB before heeling.

B1 is the COB after heeling.
BBy  is the shift of COB caused by heeling,

Note: BBy is parallel to bby . BB1 is not paralle] to
the water line, BB1 is not parallel to the keel.
Angle GBB1 is net a right angle.
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Transverse metacentre (M)

When a vessel is heeled (inclined by an
external force), the force of buoyancy, acting
vertically upwards through the new position of COB,
cuts the centre line of the ship at a point called the

transverse metacentre (M). This is illustrated in the
next figure,

The position of M is indicated by its height
above the keel in metres (KM). KM increases as the
angle of heel increases, until it reaches a maximum
value at some large angle of heel. Thereafter, it
decreases as angle of heel increases, However, over
small angles of heel (say upto about 15°) the increase
of KM is generally small. Hence, KM is considered
constant for small angles of heel, for the sake of
convenience in  stability calculations, and is
sometimes referred to as initial KM,

KM is calculated by adding KB and BM, each
of which is calculated separately. The initial KM is,
therefore, a function of the draft of the vessel, On
board a ship, the initial KM is obtained by censulting
a table or graph, supplied by the shipyard, wherein
KM is indicated against draft,

Metacentric height (GM)

It is the vertical distance between the centre
of gravity and the metacentre. GM is termed
positive when G is below M i.e.,, when KG is less than
KM and negative when G is above M i.e. when KG is
greater than KM, GM is illustrated in the next figure.

Over small angles of heel, wherein KM may be
considered constant, GM also is considered constant
and is referred to as initial GM.
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Righting lever (GZ)

When a wvessel is heeled (inclined by an
external force), the force of buoyancy, acting
vertically upwards through the new position of COB,
becomes separated from the force of gravity, acting
vertically downwards through the COG, by a
horizontal distance called the righting lever (GZ).
GZ is illustrated by the following figure.

GZ normally increases as angle of heel
increases until it reaches a maximum value at some
large angle of heeli Thereafter, GZ decreases as
angle of beel increases.

For small angles of heel (upte about 15°),
wherein KM, and hence GM, may be considered
constant, GZ = GM , Sin 8 in which & is the angle of
heel and GM is the initial GM, as is apparent in the
following figure,

For large angles of heel, GZ can be calculated
by the wall-sided formula:

GZ = Sin©(GM + { BM Tan2 )

This formula can be used whenever the ship's
sides within the immersed wedge and the emerged
wedge are parallel i.e.,, until the deck edge goes
under water. & is the angle of heel, GM the initial
GM, and BM is the height of the initjal metacentre
above the COB before heeling, as shown in the
following figure.

On board ships, the wvalue of GZ can be
obtained for various angles of heel by use of cross
curves of stability (GZ curves or KN curves)
described in volume II. These curves are supplied by
the shipyard.
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FIGURE ILLUSTRATING BM, KM, GM, GZ etc. i
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K 3 Keel. G COG,
o : Angle of heel.
B - COB before heeling.
B 3 COB after heeling.
BB x shift of COB due to heel. 4
M : Transverse metacentre.
GM : Metacentric hecight. ;
GZ . Righting lever. |
W : Displacement in tonnes, t
W.GZ : Righting moment,

Righting moment

When a wvessel is heeled (inclined by an
external force), the forces of gravity and buoyancy,
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being equal and opposite, become secparated by a
horizontal distance called the righting lever and form
a couple which tends to return the vessel to upright.
The moment of this couple is a measure of the
tendency of the vessel to return to upright and is
hence called the righting moment or 'Moment of
statical stability'.

RM = W ., GZ for all angles of heel.

For small angles of heel, where GM may be
considered constant, GZ = GM . Sin € and hence

RM = W . GM . Sin € for small angles of heel.

Exercise 9

Moment of statical stability

1 A ship of 10 000 t displacement has a GM of
0.4 m. Calculate the moment of statical
stability when she is heeled by 5%

2 A ship of 12 000 t displacement is heeled by
6° 1f her righting lever is then 0,01 m, find
the moment of statical stability. If her KM is
8.2 m, find her KG.

3 When a ship of 14000 t displacement is heeled
by 8°, her moment of statical stabiity is 400
tm. If KG is 7.3 m, find KM,

b A ship of 8000 t displacement has KB 3.5 m,
KM 6.5 m, and KG 6 m. Find her moment of
statical stability at 20" heel, assuming that
her deck edge remains above water (i.e, she'is
still wall-sided at that angle of heel)

3 A ship of 4000 t displacement has KG 5.1 m,
KB 20 m, KM 55 m. Find the moment of
statical stability when she heels 24°, assuming
that she is wall-sided.
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EQUILIBRIUM
DF SHips

Stable eguilibrium

When a wessel is heeled (inclined by an
external force), if she tends to come back to her
original condition, she is said to be in stable
equilibrium.

For a vessel to be stable, her GM must be
positive i.e. KG must be less than KM, as shown in
the figure on the next page.

Note As explained in Chapter 9, the position of
COG remains unaffected by heel whereas the COB
shifts to the lower side. The forces of gravity and
buoyancy form a couple which tends to return the
vessel to her criginal condition. A vessel with a list
also may be stable.

Unstable equilibrium

When a wvessel is heeled {inclined by an
external force), if she tends to continue heeling
further, she is said to be in unstable equilibrium,

For a vessel to be unstable, her GM must be
negative i.e, KG must be greater than KM, as shown
in the figure on the next page.

Note As explained in earlier chapters, the COB
shifts to the lower side, M is directly above By, The
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forces of gravity and buoyancy form a couple but, G
being higher than M, this couple tries to heel the
vessel further, The moment of this couple is called a
‘negative righting moment' or a 'capsizing moment

Meutral equilibrium

When a vessel is heeled (inclined by an
external force), if she has nc tendency te return to
her original condition or to continue heeling further,
she is said to be in neutral equilibrium.

For a vessel to be in neutral equilibrium, her
GM must be zero i.e, KG equal to KM, as shown in
the figure on the previous page.

Note As explained in earlier chapters, the CODB
shifts to the lower side. M is directly above By,
Since G and M are ceoincident, no righting lever, and
hence no righting moment, is formed. The vessel
thus has no tendency to continue heeling further or
to return to her original condition.

B -
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More ABouTt

UnsTABLE EQUILIBRIUM

The impression obtained by reading about
unstable equilibrium, in the previous chapter, would
be that an unstable vessel would continue heeling
more and more until she capsized, Though this could
happen, this is not always the case.

Angle of loll

It was mentioned earlier, under the definition
of metacentre, that KM increases as angle of heel
increases until it reaches a maximum value at seme
large angle of heel. As the unstable vessel heels
over more and more, it may happen that, at some
angle of heel, KM increases sufficiently to equal to
KG. (see M1 in the following figure), The vessel
would then be in neutral equilibrium and the angle at
which this happens is called the angle of loll

—
i
]

3
B \ B B,

P K
UNSTABLE VESSEL
HEELING OVER AT ANGLE OF LOLL
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In other words, when an unstable vessel heels
over to progressively increasing angles of heel, it
may happen that, at some angle of heel, the COB
may come vertically below the COG. The vessel
would then be in neutral equilibrium. The angle of
heel at which this happens is called the angle of loll

If any opening goes underwater, at this stage,
progressive flooding would take place and the vessel
would capsize. The angle of loll could be on either
side of the vessel. 1f she is at her angle of loll to
one side, and a wave was to roll her sufficiently to
the other side, she would flop over to her angle of
loll on the other side. '

When at the angle of loll, if a wave causes the
vessel to heel a little more, KM would increase and
become more than KG. A small righting moment, so
fermed. would return the vessel to the angle of loll

When at the angle of lell, if a wave causes the
vessel to heel less, KAl would decrease and become
less than KG, A small capsizing moment, so lorined,
would return the vessel to the angle of loll.

F

The vessel at the angle of loll, therefore,
appears to possess the characteristics of stable
equilibrium.

Though the vessel appears to be temporarily
safe, it must be emphasized here that the vessel at
the angle of loll is in an extremely precarious and
dangereus situation wrong action or no action on
the part of the ship's staff would result in certain
disaster.

Fhice o aspaess Lives oin Bty Bee B baaleegy a1l 4|I|I.:_|f'

of loll is elaborated later, in a separate chapter in
volume 1L,

S — e
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FREE SurrAcE EFfFecT

When a vessel with a slack (partly full) tank
rolls at sea, the liquid in the slack tank would move
towards the lower side during each roll, thereby
causing the angle of roll and the peried of roll to
increase. Because the vessel behaves as if her GM
has been reduced, we say that a slack tank causes a
virtual (imaginary) loss of GM. This is called free
surface effect (FSE).

The virtual loss of GM can be calculated quite
easily and is called free surface correction {(FSC)., In
order to indicate whether FSC has been applied or
not, the GM before subtmr_ting F5C is called 'Solid

GM" and after subtracting FSC it is called 'Fluid GM,

n all stability calculations involving GM, it is fluid
GM that is used.

FSC depends on the length and breadth (mainly
breadth) of the slack tank., The quantity of liquid in
the slack tank makes only a very small difference,

F5C can be calculated by the formula:

FSC:ixg’_i

v ¢l

Where i is the moment of inertia {(or second
moment of area) of the slack tank
surface about its centre line, in m¥%-
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V is the w't':]g,4|11e of displacement of the
= U TR (O ]

di is the density of liguid in the slack
tank, in tm=3

do is the density of water outside (in
which the ship is floating), in tm=3.

FSC is the free surface correction in m,
caused by this slack tank.

Since displacement = volume of displacement x
density of water displaced, the denominator in the
foregoing formula may be substituted by W, the
displacement of the ship in tonnes. The formula then
becomes:

FSC = idi
=3

Since 'i' is in m% and 'di' is in tm-3, "i di' would
be in tm and is hence called the free surface moment
or ESM.

When several tanks are slack on a ship, the
FSM of each tank is calculated separately and then
added together to obtain the total F5M. This total
FSM divided by the final W of the ship would give
the total FSC of all the slack tanks.

On a ship, the 'i' of each tank about the tank's
centre-line is readily available in the stability
particulars supplied by the shipyard.

ExamEie i

Given the following particulars of a ship, calculate
her fluid GM:

W = 10000 t, KG = 9.0 m;, KM = 9.2 m, moment
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&3

of inertia of surface of tank about its centre line =

1202 m¥, BDY of heavy fuel oil in the tank 095,
FSC = idi = 1242 20595 = 0118 m
W 10,000
EM = 98 m
KG = %0 m
Solid GM = 0.8 m
F 5C = 0.112m
Fluid GM - Zm
Examgje 2

The stability particulars of a ship indicate that, for
her present condition, her W = 5532 t, KM = 87 m, i
of No.3 DBT about its centre line = 1428 m¥, If 'No
3 DBT is partly full of DO of RD 0.88, and the ship's
KG is 85 m, calculate her fluid GM.

FSC = i“_cl_i_ = 1428 x 0.88 = 0.227 m

W 3332

KM — - B i

!{G = Eij m
Solid GM = 0.2 m
ESC = 0,227
Fluid GM = =027m

Note The ship has a negative fluid GM and is hence
unstable,

Examgie 3

A vesse] has a displacement of 16635 t, KM 8,25 m,
KG 7.4 m. She has the following tanks slack

No | DBT containing SW, i= 400 mb
No 3 Centre i HFO,i = 1200 m%
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No 4 Stbd containing HFO i = 270 mz
MNo 5 Port " DO i = 180 m
No 8 Port " FWi= 25 m'
No 8 Sthd " FWi= 15m?

1f RD of HFO is 0,95, DO is 0.88 and SW is g
1.025, find her final fluid GAM,

Tank, Contents ix di = 541
No.l DBT SW G000 x 1025 = 410
No 3 Centre HFO 1200% 0.95 = 1140
Mo 4 Sthd HFO 270x 095 = 256.5
No 5 Port DO 180x D.88 = 1584
No & Port Fw 25x 1 = 25
Mo 8 Sthd Fw 15x1 = 5 :
[
Final F5M = 20049 tm !
|
FSC = F5M = 200092 = 0.121 m {
W 16635
KM — 5.250 m
Solid GM = 0.850 m
F5C = 0,121 m
Fluid GM = 0.729 m
Example & !

On a vessel of 18000 t displacement KM 8.9 m, KG
23 m, a DB tank is partly full of FW. If the tank
surface is rectangular, 20 m long and 18 m wide,
calculate her fluid GM.

e e

'i' of rectangular tank about its
centre line = 1b3 = 20 x 183 m% !
12 12
FS5C = idi = 20x189x 10 = 054w
W 12 18000
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KM = 890 m

KG = 830 m

Solid GM = 080 m
FSC = 0S4 m

Fluid GM = 00&6m

ExamEl-: ]

On a vessel of 5000 t displacement, KM 7.8 m, KG
7.0 m, No.2 port DB tank is partly full of FW, If this
tank is 15 m long and 9 m broad, find the fluid GM.
'i* of rectangular tank about its centre line

= Ib3 = 15x93 mh
12 R T ¥

FSC=idi = 15293 x 1.0 = 0.l82m
W 12 5000
KM = 7.800m
KG = 7.000m
Solid GM = 0.800 m
FSC = 032 m
Fluid GM = 0618 m

EFFECT OF TANK-BREADTH ON F5C

The breadth of a slack tank has an enormous
effect on the FSC caused. This is illustrated simply
by worked examples 6, 7, & and 9,

Examgle &

On a ship of 10000 t displ, No 3 DB tank is partly
full of SW. If the tank is 20 m long and is 18 m wide
from shipside to shipside, calculate the FSC caused.
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FSC = Fdi = 1b3 % di
W 1 W

20 x 183 x 1.025
12 x 10 000

= 0.996 m

Example 7

Same ship as example 6, except that No3 DB tank
has a watertight centre girder dividing it into port
and starboard tanks of equal breadth. Find the FSC
when both, P & 5 tanks are slack.

FSC for No3 Stbd tank = idi = 1b3 x di
W 12 W
= 20x93 x 1.025
12 10000
= 01245 m
FSC for No 3 Port tank = 0.1245 m Sk
Total FS5C for No 3P & S = 0249 m

Example &

Same ship as example 6, except that No 3 DB tank is
divided into three watertight tanks — P, 5 & C —
of equal breadth. Find the F3C when all three tanks
are slack.

FSC for No 3 Port tank = idi = E x di
W I W
= 20 x 63 x 1.025
12 x 10 QDO
= {0369 m
FSC for No 3 S5tbd tank = 0.0369 m (becouse oll

three tonks

FSC for No 3 Centre tank= 00369 m  are identical)

= Dlllﬂ? m
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Example 29
Same ship as example 6, except that No 3 DB tank is
divided into four identical watertight tanks — Fort

Quter, Port Inner, Stbd Inner, 5tbd Outer. Find the
FSC when all four tanks are slack,

FSC for No 3 PO tank =i__r:!_i=i'£:-:ﬂ
W 12 W

- 20 x 4.5 x 1.025
12 x 10000

- 001557 m
FSC for MNo 3 Pl tank = 001557 m (because all
ESC for No 3 SI tank - 0.01557 m four tanks

are identical)
FS5C for No 3 S0 tank = 001557 m

Total FSC for all 4 tanks = 0,0623 m

Analysis of results of examples 6, 7, 8 & 9

Single undivided DB tank, F5C = 0.9%9 m
Divided into 2 tanks of
equal breadth, both slack, total FSC = 02689 m
Divided into 3 tanks of
equal breadth, all 3 slack, total FSC = D111 m
Divided into 4 tanks of
equal breadth, all & slack, total F5C = 0062 m

From the foregoing it is clear that when a
tank is divided, in breadth, inte a number of identical
watertight compartments (n), the total F3C when all
the compartments are slack is 1/nZ of the FSC that
would have occured if the slack tank was undivided.
This is elaborated below:-

ExarnEle &
Single undivided DB Tank F5C = 099 m
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Example 7
n = 2, S5 F5C = 9% = 99 = 0249 m
n 4
ExamElEE
n = % S FSC = 99% = 59 = 0lllm
_ né 9
Examgieﬂ
n = & 50 F5C = 9% = J399% = 0062 m
n< 16

Notes The answers arrived at above are the same as
the answers obtained in each example wherein the
F5C was calculated separately for each compartment
and then added together.

The effect of the breadth of a slack tank on
the F5C is a very important factor to consider when
deciding on the action to take when a ship has a
very small, or even negative, GM,

Examele 10

A vessel of 10000 t displacement, KM 9.3 m, KG 7.3
m, has two rectangular, identical deeptanks, Port and
5tbd, each 15 m long, 10 m wide and & m deep. The
starboard deep tank is full of SW while the port deep
tank is empty. Calculate the GM of the ship when
one guarter of the water in the starboard deep tank
is transferred to the port deep tank.

e e il lE’I'I'II

pd =6m

23 [ TTIEII

Before Adter
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Mass of SW in tank = Volume of 5SW x density of 5W
= 15 x 10 x & x 1.025
= [230 t
Mass of water transferred = § x 1230 = At
: GGy = dw = 6x307.5 = 0l8m
{ W 10 000
Old KG = 7300 m
GG: = 0185 m
New KG = 715 m
KM = 9300 m
SolidGM = 2185 m
FSC for port tank = idi_ = Ib3 x di_
W 12 W
= 15x 102 x 1.025
12 10 000
= G.IEE Tﬂ
5 FSC for stbd tank = 028 m
Total FSC for P & S = 0,256 m
OR
FSC if tank is undivided = |B3 . x di_
J 12 W
= 15 %203 x 1025
12 10 000
= JO25 m
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FSC when n = 2, both sides slack = 1.025 x _1 -
= 1025 = 0256 m n<
Iy
Solid GM = 2,185 m
FSC = 0256 m
Fluid GM = 1929 m

Exercise 10

Free surface effect

1 On a ship of 5000 t displacement, a tank is
partly full of DO of RD 0.88. If the moment :
of inertia of the tank about its centre line is ;
242 m*, find the FSC, |

2 If the tank in question | was partly full of 5W
instead of DO, find the F5C,

3 On a ship of W 6000 t, KM 7.4 m, KG 6.6 m, a
double bottom tank of i 1200 m% is partly full
of FW. Find the GM fluid.

- Given the following particulars, find the GM
fluid: W = 8800 t, tank of i = 1166 m" is partly
full of HFO of RD 095, KM 10. m, KG 9.0 m.

3 On a vessel of W 16000 t, No 4 port DB tank
20 m long and 8 m wide is partly full of DW
ballast of RD 1.010. Find the F5C,

& A vessel has a deeptank on the starboard side
12 m long 9 m wide which is partly full of
coconut oil of RD 072, If W = 12000 t, KM =
9 m and KG = 8.5 m, find the GM fluid.

7 A vessel displacing 8000 t, has a rectangular
deep tank 10 m long 8 m wide and 9 m deep
full of SW. The KM is 7 m and KG 6.2 m. Find




21

the GM when 1/3 of this tank is pumped out,

Mote: Since dimensions of tank are given,
change of KG of tank due to change of
sounding has to be considered.

8 A ship of W 5000 t has a tank 16 m long, 10 m
wide and 4 m deep which is empty. KM is 7.2
m and KG 7.0 m. Find the GM fluid i1f 400 t of
oil of RD 0,95 are received in it. (See note
under previous question).

9 A vessel has two deep tanks, port and
starboard, each 12 m long, 5> m wide and & m
deep. The port side is full of SW while the
starboard side is empty. W = 9840 t, KM = 85
m, KG = 80 m. Calculate the GM fluid if SW
is transferred from P to S until each tank has
equal quantity of ballast.

10 A 5hip displacing 10000 t has KM 9.9 m. The
following is her present condition:

Tank KG i Cont- RD Remorks
(m) (m) ents

L FP Tank £.3 10 SW 1.025 Full
“MNo 1 DBT 1.15 L20 HFO 0.95 Slock

No 2 P 0.65 720 HFO 0.95 Port slock
—or 5 stbd empty
“Ho 3 P 0.65 240 SW 1.025 Port full

or 3 stbd slock

No 3 C 0.60 1200 HFO 0.95 Full

iMoo & P

20T S 0.70 300 FW 1.00 Both slock

No 5P 0.B5 180 ) 0.88 Slock

No 5 5 0.85 100 HFO 0.95 Full

AP Tonk 8,80 20 SW 1.025 Empty

If

the filnol KG is 8,954 m, find the final GM fluid,
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Vessel in same condition as in question 10,
transfers some HFO from No. | DBT to No 2 P
such that No 2 P becomes full, while No 1
remains partly full. Find the resultant GM
fluid if the final KG is 8950 m.

Note l: It is not necessary to rework the
entire problem. Just make the necessary
changes to the final part of the working of
the answer to question 10, thus:

F5M obtained finally in

question 10 2087k tm
No 2 DBT is now not slack -684 tm
Final FSM for this guestion 16034 tm

Note 2: Where a tank Ywas originally slack
ut has now become full or empty, its FSM has
to be subtracted from the final FSM obtained
in question 10.

Note 3: When a tank was originally empty
or full but has now become slack, its FSM
must be added to the final FSM obtained in
guestion 10.

The final fluid GM can now be computed in
the usual manner, :

Vessel in same condition as in question 10,
transfers SW ballast {from FP into Ne 35 and
into AP, such that No 35 becomes full while
FP and AP remain partly full. Find the GM
fluid if final KG is 8.280 m.

Vessel in same condition as in gquestion 10,
consumes the following while on passage:

All the HFO (200 t) from No 1 DB.
Half the HFO (i.e. 100 t) from No 3 C,
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All the FW from No 4 P & S (Total 200 t).
Find the fluid GM on arrival at the next port.

Note 4: Find KG on arrival by taking
moments about keel, as explained in chapter 7,
and add an extra column for changes in F3M,
as shown below. Bear in mind notes 1, 2 & 3,
under guestion ll.

Remarks Weight (t) KG Moment obout FS
L D (m}]  keel (tm) (tm)
L D
Ship in
Q10 10,000 - 8,954 89540 - 2087 .4
No.1 DB = 200 1,15 - 230 (=)

and =0 on.

Note 5: When dealing with several tanks, as
in a ship's calculation such as this, the change
of KG of a tank due to change in its sounding
may be ignored. This is the actual practice at
sCa.

For example: When half of the HFOQ (i.e. 100
1) irom Idn 3 C is pumped out, the moment of
the discharged weight about keel would be 100
x 0.6 = 60 tm,

Vessel in same condition as in question 10,
consumes the following on a passage:

All HFO (i.e. 150 t) from No 2 Port.

Part HFO (i.e. 50 t) from No 3 C.

All FW (i.e, 100 t) from No &4 5.
Find the GM fluid on arrival port,
Vessel in same condition as in question 10,
loads 1000 t cargo in No 2 LH KG & m; 2000 t

cargo in No 4 LH KG 5 m. Find the final GM
fluid, given that the final KM is 10.0 m.
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A ship of 5000 t displacement has a DB tank
18 m long and 12 m wide, partly full of 5W,
Find the F5C in the following cases:

(a) If the tank is undivided.
(b) If the tank is divided into identical P &
5 watertight divisions and

(i) both sides are slack

" (1) only one side is slack.

(c) If the tank is divided into P, 5 & C
identical watertight divisions and

(i) all three of these are slack.
(ii) Only twe of these are slack,
(iii) Only one of these is slack.

(d) If the tank is divided into four identical
watertight divisions — Port inner, Port
outer, Stbd inner, 5tbd outer — and

(i) All four of these are slack.
(ii) Any three of these are slack.
(iii) Any two of these are slack.
(iv) Any one of these is slack.

Note: The use of 1/n? wglild be a very quick
method of solving this question.

A ship of 10000 t displacement has a fresh
water DB tank which is 20 m long and divided
into P, 5 and C watertight divisions. The P &
S divisions are each § m wide, while the C
division is ]2 m wide. Calculate the F5C in
the fellowing cases:-

(a) Only the port side tank is slack.
(b) Both port and stbd tanks are slack,

{c) Only the centre tank is slack,
(d) All three tanks — PS&C — are slack.
le) If all the three divisions were not

separate but formed one undivided tank
20 m broad.

o i e i
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Note: :1/n€ cannot be wused here as the
watertight divisions are not identical.

A ship has a very small GM. It is decided to
fill up SW ballast, one tank at a time, in siX
tanks whose particularts are:-

' about tani's

Tank centre line
Ne 1 DR 280 m*
No2ZPors 600
No3PorS 350

Mo 3 C 6350

State the order in which the tanks must be
filled so as to keep IFSC at a minimum at all
times,

An unstable vessel is at her angle of loll. The
following tanks are available for 5W ballast:-

""" about tank's

Tank centre line
No 1 DB 400 mb
Mo 2 P 700
Mo 2 5§ 700
No &4 P 250
No 4 5 250
MNo 4 C 300

1f it is decided to ballast three tanks with 5W,
one at a time, State what order should be
followed s0 as to keep FSE to a minimum,

A vessel of W 8000 t, KM 7.9 m, KG 7.0 m, has
a tank 15 m long and 12 m wide, partly full of
HFO of ED 0.95.

(a) Find her moment of statical stability
at 6° heel.




(b)

96

If her BA is &9 m, find her moment of
statical stability at 20° heel assuming
that she is wall-sided.
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LisT

List is the transverse inclination caused when
the COG of the ship is off the centre line.

For a ship to be in static equilibrium, the
forces of buoyancy and gravity must cancel each
other out, In other words, for a ship to be in static
equilibrium,

(i) the force of buoyancy must equal the
force of gravity and

(ii) the COB and COG of the ship must be
in a vertical line, as illustrated in
following figure A,

If the COG is moved out of the centre line of
the ship, due to asymmetrical loading or discharging
or due to transverse shift of weights aboard as shown
in figure B,

(i) the ship will sink or rise as necessary
until the force of buoyancy equals the
force of gravity and

(ii) the forces of buoyancy and gravity will
form a couple which will cause the ship
to incline wuntil the COB comes
vertically below the COG as illustrated
in figure C.,-
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M
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4
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FIG A FIG. B FIG. C

.In the foregoing figures, GG, is the transverse
shift of COG. The couple formed by the forces of
gravity and bueyancy causes the ship to incline. As
the ship inclines, the COB shifts to the lower side,
as explained in chapter 9, and when it comes
vertically under G,, the ship would be in static
equilibrium., The angle of inclination at which this
happens is the list — € in foregoing figure C,

In right-angled triangle MGGy,

Tan & = GG1 where & is the angle of list.
GM GGy is the wransverse shift of
COG.

GM 15 the {inal fluid GM
before listing.

Since GGy = dw, the formula becomes
PR
Tan & = dw where 4 is the angle of list.
W.GM dw is the f{inal listing mom-
ent in tonne metres.
W is the final displacement

in tonnes,
GM 15 the final fluid GM in
metres.
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In order to calculate the angle of list
systematically, the following order of work is
suggested:

(i)  Find the final listing moment ( dw ).
(i1) Find the final displacement ( W ).
(iii) Find the final fluid GM,

(iv)  Apply the list formula Tan & = dw
W.GM
Example 1

On a ship of W 5000 t, GM 0.8m, 40 t of cargo
is shifted transversely by 10 m. Find the list.

P
Final listing moment = dw = 10 x 40 = 400 tm,
W remains unchanged,
GM remains unchanged.

Tan O = S = 400 ~ 8]
W.GM 5000 x 0.8

Hence, & = 571° or -5° &43.

E:{amElE 2

Oh a ship of W 8000 t, KG 7.0 m, KM 7.5 m,
100 t of cargo is loaded on the upper deck (KG 9.2
m) 2 m to port of the centre line, Find the list.

Final listing moment = dw = 2 x 100 = 200 tm to port
1 L) [ ¥

Final W = 8000 + 100 = 8100 t. -;

= —=3i00 0.027 m
KG 5 7.000 m
I = 0027 m
Final KG = 7027 m
KM B 7.50G m
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FinalT GM e 0473 m
won B = oW E 200 & 0.05220
W. GM RI00x 0473

Hence & = 2.99° or 2°39' to port.
Example 3

A ship of W 10000 t, KM 70 m, KG 60 m
works cargo as follows:

Loads 800 t in No 2 LH (KG 3.75) 4 m to port
of the centre line.

Loads €00 t in No & LH (KG 60 m) &8 m to
starboard of the centre line.

Discharges 400 t from upper deck (KG 10.0 m)
2 m to port of the centre line.

If her free surface moment is 4400 tm, find the
final list.

To find the FLM

Remorks Weight (L] dist of f CL Listing mom{im]
Loaded Disch [m) Pert Stibhd
Corgo Mo 2 LH B0O = b m to P 3200 =
Corge Mo &4 LH &0DO0 - Bmto5S - LB00
Corgo UD - D0 2mto P - B0

Totol 3200 S&00
- 3200

]

FLM 2600 tm

The next step is to find the final fluid GM.

i




101

Weight Moment by keel
Remarks Looded Disch KG Looded Diech
Ship 10,000 - &.0 &0,000 -
Corge 2 LH BOO - 3.75 3,000 -
Corge & LH &00 - &.0 3,600 =
Cargo UD - E 10.0 - alnun
Total 11,600 &0O 66,600  &,000
- DO =& , 000
Final 11,000 t Final 62,600 im
Final KG = 62,600 = 5691 m
11,000
E3C =F5M = E00 = 04 m
W 11000
KM = 7.000 m
Final KG = 3691l m
Solid GM = 1.309 m
F5C — 0.400 m
Fluid GM £ 0.209 m

To find the list

Tan 8 = FLM. = 2400 = 0.24002
w.GM 11000x0.509

Hence, € = 13.5° or [3°30' to stbd.

Example &
A ship of W 8000 t, GM 0.6 m, is listed 3° to
starboard. How many tonnes of HFO must be

transferred from No 2 S to No 2 P to upright the

=

vessel, if the centres of the tanks are 7 m apart?




102 =

Tan & = T‘.‘E.T ar ﬁ - W.GM.Tan &
W. GM

8000 x 0.6 x Tan 5° = 420 tm
420 or w = 60 t

Hence, dw

7w

ExamEte 3

* A ship of 15000 t W, KM 9.0 m, KG &7 m is
listed 10° to port. She now loads 150 t of cargo 7 m
above the keel and & m to starboard of the centre
line. Find the final list.

To find the initial listing moment

Tan £ = ':E or dw = W.GM, Tan @
W, GM
.‘_.. -
Hence, dw = 15000 x 03 xTan 10° = 7335 1tm
Hence, initial listing moment or ILM = 733.5 tm to
port.

To find final listing moment

LM caused now = 150 x 4 = 600.0 tm to stbd
ILM = 7935 tm o port.
FLM = 1935 tm 10 port.

]'o find final W & {luict GM

Final W 15600 + 150 = 15150 t

GGil= dw = 17 x 150 = 0017 m
W 15150

Original KG = &700 m

GG14 = 0017 m

Final G = 8633 m
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Final K. = 8683 m
KM = 2.000 m

Solid G = 8317 m
FSC = 0,000 m

Fluid GM 0317 m

Te [ind the list

Tan & = FLA = 1935 = 004029
W . Gl 15150 x 0317

Hence, &= 231" or 2°13' to port.

Example 6
A ship of W 18000 t, KM 9.0 m, KG 3.0 m is

listed 7° to starboard. She then works carpo as
follows:

Loads 1600 t cargo KG 4,5 m, 50 m to port.

Loads 1400 t cargo KG 8.0 m, 4.5 m to stbd.

Discharges 1000 t KG 6.5 m, 1.0 from sthd.

Find how many tonnes of ballast must be

transierred transversely to upright the vessel, if the
P & 5 tank-centres are 10 m apart,

Note: The vessel is required to be upright. Hence

FLM must be zero. Since linal KG is not asked here,
it necd not be calculated.

To find the FLM

ILM = W . GM.Tan & = 16000 % 10 % Tan 7°
= 19646 tm Lo sthd.
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Remarks Weight{t) Dist from CL Listing mom(tm)

Loaded Disch (m) Port Stbd
ILM - - - - 1964.6
Cargo 1600 - 5m to port 2000 -
Cargo 1¥00 - 4.5m to sthd - 6300
Cargo - 1000 1m Irom stbd 1000 -

2000 3264.6
- 8264.6
FLM 7354 1o port.

To upright vessel, required to cause a LM of 7354 to

starbeard, by shifting ballast — tank-centres 10 m
apart.

Hence, dw = 7§35l
0w = 735.%
w = 73568t

Required to shift 73.5 t [rom port tank to starboard
tank.

Example 7 ;

A ship displacing 9000 t has KM 87 m, KG 7.2
m. She is now listed 8 to port. She has port and
starboard deep tanks, each 10 m long, 10 m wide and
& m deep. The port side dcep tank, which was full of
SW, is pumped out until its sounding is 2 m. Assumin

that no other tanks on the ship are slack, find the
final list.




-
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To [ind the FLM

LM = W.GM. Tan & = 9000 x 1.5 x Tan 8°
12973 tm to port

Weight of SW pumped out = 10 x 10 x 6 x 1,025
=hl3 1
LM caused = 615 x 5 30730 Am to sthd
TILM = 18973 tm to port
FLAY = 11777 tm to sthd

Te lind the final [luid GM

(9000 x 7.2) - (615 x 5) 8385 x Fmal KG

Final KG =736l m
T e e th? x d‘ - 10 x 103 % 1.025
g 12 % 12 % 3385
= L102 m
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EM = 8700 m
Final KG = 7361 m
Solid GM = 1.339 m
F5C = 0102 m
Fluid GM = 1.237 m
To find the list
Tan 8 = FLM = 13777 = 0.1135%
W . GM 8383 x 1.237

Hence, 8 = 648 or 6°29" to sthd.

Exumele &

A ship of 15000 t displacement, KM 8,6 m, KG
7.0 m, is to discharge a 100 t heavy lift from the
centre line of No 2 LH (KG 2 m) by her jumbo
derrick whose head is 20 m above the keel. The FSM
(free surface moment) is 1000 tm. Find the list
caused when the derrick swings the weight 16 m
away from the centre line of the ship.

To find the FLM

FLM = dw = 14 x 100 = 1400 tm.

To find the final fluid GM
(When weight is hanging from devick head)

GGyt = dw = 18 x 100 = 0.120 m
W 15000

FSC = FSM = 1000 = 0.067 m
W 15000

Original KG 7.000 m
GG;t = 0.120m
NewKG = 7120 m
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New KG = 7120 m
KM = &600 m
Solid GM = 1480 m
FSC = 0067 m
Fluid GM = 1413 m

To find the list

Tan® = FLM = 1400 = 006605
W . GM 15000 x 1.k13

Hence 8 = 378" or 3°47'.

When the weight is hanging from the derrick
with an outreach of 14 m, the list would be 3.,73° or
3°47".

ExamEle 9

A ship of 8000 t displacement has a mean draift
of 7.8 m and is to be loaded to a mean draft of 8.0
m. Her GM is 0.8 m and TPC is 20. She is listed 4°
to starboard at present. How much cargo should be
loaded into the port and starboard 'tween decks
(centres 5 m & € m off the centre line tespectively)
for the ship to complete loading and finish upright.

Sinkage = 80 - 78 = 02Zm = 20 cm
Can load = 5 x TPC 20 x 20 = 40O t

LM = W,GM, tan & 2000 % 08 % tan 4°
L47.5 tm to stbd.

Let the cargo tc be loaded on the port side be x
tonnes. Hence, the cargo to be loaded on the
starboard side would be (400 - x) tonnes.
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Port Stbd
ILM - B47.5
Cargo on port side > % -
Cargo on stbd side - 6{400 — x)
Total 5 x 447.5 + e(s00 — x)
To I'In.ish upright, pert LM = stbd LM.

Hence, 5 x = 447.5 + 6(400 — x)
Hence, x = 259 t (port side)
& (400 - x) = 141 t (stbd side).

in

Example 10

A ship of W 11000 t, KM 7% m, and KG 6.0 m
is listed 4° to port. A heavy lift weighting 150 t is
to be discharged from No 3 LH using the ship's jumbo
derrick whose head is 23 m above the keel and whose
heel is on the centre line., While in No 3 LH, the
COG of the weight is 3 m above the keel and 5 m to
port of the centre line. Find the list at each of the
following stages:

i) As soon as the derrick picks up the load
from the LH.

ii) When the derrick has swung the load 15 m
to starboard of the centrte line,

iii) After discharging the weight.

Tan & = dw or dw = W.GM. tanf
W . 'L;:';ii

Hence, ILM = 11000 x 1.4 x tan 4° = [076.2 tm toport
Stage (1)

_ As soon as the derrick picks up the load, the
COG of the weight shifts from LH (KG 3 m) to the
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derrick head (KG 23 m) ie., d = 20 m upwards.
Since the GM changes, the list would change.

GG11 = dw = 20 x 130 = 0,273 m
w 11000
Original GM = 14800 m
GGiT = 0273 m
GM at stage (i} & LIEE W
Tan &= LM = 10786.9 = O,08687

W.oM [T1000 x 1.127

Hence, & at stage (i) = &.96° or 4°58' to port.

Stage (ii)

When the derrick has swung out 13 m to
starboard of the centre line, the weight has actually
travelled 20 m to starboard because it was originally
lying 5 m to port of the centre linc.

LM caused = 20 x 150 = 3000.0 tm to stibd
ILM = 10769 tm to port

FLM = 1923.1 tm to stbd

Tan & = FLM = 1923.1 - 0.1 5513
W. Gl 11000 x 1.127

Hence, @ at stage (ii) = 8.82° or 3749 to sthd.

Stage (iii)

A moots bt the weieht i il pead, the TRE,
GM and W change, causing the list to change.

Final W = 11000 - 150 = 108301
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LM caused now = [5x 150 = 2250.0tm to port.
LM during stage (ii) v o= 19231 tm to stbd.
FLM = 3269 tm to por.
KG of ship at stages (i) & (ii) - 6.273 m
Height of derrick head above keel = 23.000 m
. d = 16.727 m
GGy | = dw = 16727 x 150 % 023] m
W 10850 .
GM during stages (i) & (ii) = 1.127 m
GM during stage (iii) 1.358 m
Tan® = FLM = 326.9 = 0.02219
W . GM 10850 x 1,353

Hence, Final & = 1.27° or 1°16' to port.

Exercise 11
List

1) On a ship of W 5000 t, GM 03 m, 20 t was
shifted transversely by 5 m. Find the list.

2) On a ship of W 8000 t, GM 2.0 m, if the
following transverse shiftings were done, find
the list:

200 t cargo shifted ¥ m to stbd
100 t cargo shifted 2 m to port

100 t cargo shifted & m to port
50 t stores shifted 20 m to stbd




3)

&)

5)

6)

7)
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If 200 t of cargo was shifted downwards by 10
m and to starboard by 5 m on a ship of W
10000 t, KG 7.0 m, KM 7.4 m, find the list.

A quantity of grain estimated to be 100 t
shifts transversely by 12 m and vpwards by 1.5
m, on a ship of W 12000 t, GM 1.2 m. Find the
list caused,

A ship displaces 4950 t and has KG 4,85 m,
KM 3579 m. Cargo weighing 50 t is loaded 1.25
m above the keel and 4 m to port of the
centre line. Find the list.

A weight of 100 t is discharged from a
position 245 m above the keel and 6 m to port
of the centre line of a ship of W 10000 t, KM
8.25 m, KG 7.45 m. Find the list.

A ship of 10000 t displacement, KG 83 m
carries out the following cargo operations;

Qty. Loaded or KG  Distance off
(t) discharged {m) centre line
200 D 10,0 5 m port
200 D L3 4 m stbd
500 D 3.2 3 m port
250 L 8.0 nil

250 L 120 nil

If the final KM is 9.6 m, find the list.

A ship of W 92000 t, KG 8.3 m loads 600 t of
cargo (KG 40 m, 3 m to port of the centre
line) and discharges 400 t of cargo (KG 9.0 m,
from 5 m to port of the centre line). 200 t of
cargo is then shifted upwards by 5 m and te
starboard by &8 m, 300 t of cargo is then is
then shifted 1 m downwards and & m port.
Find the list if the final KM is 895 m.
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10)

11)

12)

13)
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A ship of W 18000 t, KG 7.75 m, discharges
1500 t (6.0 m above the keel and 3 m port of
the centre line) and loads 500 t (10 m above
the keel and &% m port of the centre line)
Cargo was then shifted as follows:

500 t upwards 2 m and to starboard & m

800 t downwards 2 m and to port 3
If the final KM is 8935 m, find the list.

A ship listed 8° to port, displaces 12000 1 and
has KM 7.5% m and KG 6.8 m. Find how many
tonnes of SW ballast must be transierred from
No 2 port DB tank to No 2 stbd DD tank, to
upright in vessel, if the tank-centres are 10 m
apart.

A ship displacing 4000 t has GM 1.0 m (KM
10.0 m & KG 9.0 m) and is listed 10° to pori,
If 16000 t of cargo is now loaded on the
centre line and the final GM is 1.0 m (KM 2.0
m & KG 80 m), state whether the list would
change. If yes, find the new list.

A ship of W 10000 t, GM 1.5 m , is listed 5° to
stbd. If cargo is shifted vertically until her
final GM is 0.5 m, state whether the list would
change. If yes, find the new list.

A ship of W 8500 t, KM 90 m, KG 83 m, is
listed B8L{° to sthd. The following cargo
operations were carried out:

200 t discharged KG & m irom > m sthd of
CL.
300 t discharged KG 5 m from 2 m port of CL.

100 t loaded KG 2 m, & m 10 stbd of CL.
200 t shiited up by 2 m and port by 3 m.
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15)

16)

17)
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If the final KM is 9.3 m, find the final list.

A ship c_uf 15000 t displacement, KG 8.7 m, KM
9.5 m, is listed 10° to port. The following
cargo work was carried out:

500 t loaded, KG 3,0 m, 5 m stbd of CL.
300 t discharged, KG 4.0 m, & port of CiL.

Find the quantity of 5W ballast that must be
transferred transversely to bring the vessel
upright, the tank centres being 12 m apart.

(Note: Since vessel is required upright, it is
not necessary to calculate the final KG or GM
unless specifically asked)

A bulk carrier presently of 12250 t, KM 9,8 m,
KG 9.0 m has a list of 64° to starboard. She
then loads 1250 t of ore (KG & m, 2 m to stbd
of centre line) and discharges 250 t of ore
(KG 2 m, 5 m from starboard of centre line),
160 t of SW ballast is then transferred from
the stbd shoulder tank to the port DB tank
(vertically downwards by 9 m and transversely
by 10 m). Find the final list, assuming that
there are no slack tanks, given that the final
KM is 9.6 m,

From a ship of W 8000 t,KM 3.6 m, KG 8.0 m,
some deck cargo was washed overboard (KG
10 m, 8 m from the centre line). If the
resultant list is 33 {ind the quantity of cargo
lost.

A ship of W 16000 t, KM 75 m, KG 6.0 m,
TPC 25, is listed 3° to port. Her present
mean draft is 86 m and she is to finish
loading at 88 m mean draft, Space is
available 5 m oif the centre line, on either
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side. State how much cargo must be stowed
on either side to finish upright.

A ship displacing 12000 t has KM 2.0 m, KG
7.25 m. A 200 t heavy-lifi'is to be loaded by
ship's jumbe whose head is 24 m above the
keel.

Find (i) The list as soon as the derrick
picks up the weight from the wharf on the
sthd side with an outreach of 135 m.

(ii) The list when the weight is placed
on the upper deck KG 10 m, 7 m to stbd of
the centre line,

A ship of W 10000 t, KM 7.3 m, KG 6.8 m, is
listed 5° to port. N heavy-lift weighing 100 t,
lying 6 m to port of the centre line and KG
10.0 m, is to be shifted to the lower hold KG
2.0 m on the centre line of the ship, by the

ship's jumbo derrick whose head is 28 m above
the keel

Find (i) The list as soon as the derrick
takes the load.

(ii) The list when the derrick swings
the load to the centre line.

(iii) The list after the shifting is over.

A ship of W 13000 t, KM 3.75 m, KG 8.0 m,
has a list of 6° to starboard. A heavy-liit
weighing 150 t, lying on the upper deck 9 m
above the keel and 5 m to stbd of the centre
line, is to be discharged using the ship's jumbo
derrick whose head is 22 m above the keel
Calculate

(i) The list as soon as the load is
taken by the derrick.
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22)

23)
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(ii) When the load is hanging over the
port side ol the ship with an outreach of 10 m
from the centre line.

(iii)  After discharging the heavy-lift.

A ship of 10000 t displacement is floating in
SW and has KM of 10.8 m and KG of 9.0 m.
She is listing 10® to stbd. She has two
rectangular deep tanks, one on either side,
each 12 m long, 12 m wide and 9 m deep. The
stbd tank is full of FW while the port one is
empty. If FW is to be transferred from the
stbd tank to the port one, {ind

(i) the quantity of FW to transfer to
bring the ship upright.

(i)  the list if one third of the original
FW in the stbd tank is transferred to the port
tank.

MNote: Fluid GM should be used here.

On a ship 8000 t displacement, 50 t is shifted
transversely by & m. Find the list if the total
FSM is 1216 tm, KM 7.0 m, KG 6.4 m,

A ship has W 10000 t, KM 7.8 m, KG 7.075 m,
and is upright. No 3 port and stbd DB tanks
are full of HFO RD 0.95. Each tank is
rectangular, 15 m long, 1Z m wide and 2 m
deep. Calculate the list when HFOQ s
ccénsmned from No 3 stbd until the sounding ‘is
1.2 m.

A vesse| displacing 9000 t has KM 802 m, KG
7.5 m, and is upright. She loads 250 1t KG 12
m, 3 m to sthd of the centre line; loads 1000
t KG 3 m, 1 m to port of the centre line;
discharges 250 t KG 8 m, 2 m to stbd of the
centre line. 100 t of cargo is then shifted
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transversely 3 m to stbd. 1f the total F5M is
1200 tm, calculate the final list.

A ship of 14000 t displacement, KM 9.0 m, KG
7.2 m, has a total FSM of 2100 tm and is
listed 8° to port. How many tonnes must be
shifted transversely by 10 m to upright the
ship?
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STi1FF AnD

Tenper VESSELS

STIFF VESSEL

1 A stiff vessel is one
with an unduly large
GM for her type,
size and nature.

TENDER VESSEL

A tender vessel Is
once with a small
GM for her 1type,
size and nature.

Note: Type refers to general cargo, bulker,

tanker, etc, while
peculiarities of the vessel

Zz Angle and period of
roll is small.

3 Rolling is violent
and irregular,

L LUncomfortable lor
people on  board
because of jerky
movements.

5 Severe stresscs set
up on hull,

6 General cargo likely
to break loose due
to jerky movements.

nature refers to

Angle and period of
roll is large.

Rolling is smooth
and regular.

Less uncomiortable
for people on board
as movements are
regular.

Less severe siresses
set up en hull.

General cargo, once
secured properly, is
less likely to break
loosc.
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Bulk carge less
likely to shift as
angle of roll  1s
small.

No likelihood of
vessel becoming
unstable during
passage oOwing to
consumption of fuel
and fresh water
from DB tanks and
also due to F5C of
tanks in use.

Greater ability to
withstand loss of
GM, if any, caused
by bilging.

Bulk cargo more
likely to shift as
angle of roll is
large.

Likelihood of wvessel
becoming  unstable
during passage owing
to consumption of
fuel and fresh
water from DD tanks
and also due to FS5E
of tanks in use,

Less ability to with-
stand such loss of
G M.

Note: Bilging is the flooding of a compartment,
as a result of damage, whereby water has free
access lo come in and go oul.

Greater ability to
withstand transverse
shift of cargo —
list causced by such
shift is small

Less ability to with-
stand transverse shift
or cargo — list
caused by such shifl
I1s large.

Note: As explained in the previous chapter,

Tan € = dw
W, M

It is obvious from the foregoing formula that
the list caused wvaries inversely as the GM
fluid. Considering identichl circumstances, the
list resulting from transverse shilt of cargo
will be less il the vessel is stiff and much more
if the vessel is tender.
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StaBILITY OF VESSELS

WiTH Deck Carco OF TiMBER

A

vessel with a considerable quantity of

timber as deck cargo is likely to be tender at the
commencement of the voyage itself, owing to such
weight loaded so high up on the ship.

owing

1)

2)
3)

On passage, the GM will decrease further
to the following reasons:-

Consumption of fuel oil and fresh water from
double bottom tanks.

Free surface effect of tanks in use,

Absorption of water by the timber on deck.
This depends on:

a)

b)

c)

d)

Type of wood — teak, oak, pine, etc.

Nature of timber — logs, blocks, planks,
boards etc,, — the greater the surface area
exposed, the greater the absorption.

Age of timber — new timber would contain
sap and hence not absorb much water
whereas old timber would be dry and can
absorb more.

The amount of precipitation and spray
experienced. In the case of spray, the
absorption may be asymmetrical — more on
windward side than on leeward side,
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In view of the foregoing points, the amount of
water absorbed is variable and though it can be as
high as thirty percent of the weight of timber, 1t is
generally around ten 1o fifteen percent or so. This is
equivalent to adding weight on deck, thereby causing
2 rise of the centre of gravity of the ship.

A wvessel with a decks cargo of timber,
therefore, becomes less and less stable, possibly
unstable, during the passage. It may not be possible
to increase the metacentric height before departure
from the port, owing to lack of deadweight available
_ the vessel may already be down to her loadline.

in order to keep the vessel stable at all times,
the following precautions should be taken:-

i) Plan cargo stowage in lower holds and
+ween decks in such a manner aj 10 have as large a
metacentric height as possible.

ii) Ensure that the number of slack tanks 1s
kept to minimum and also restricted to those tanks
with minimum moment of inerta about the tank's
centrelime.

iii) During the passage, USC fuel oil and fresh
water first from the <lack tanks until they are
completely empty.

iv) During the passage, fill up adequate
ballast tanks, one at a time, those with smallest "1
first, as and when the fuel oil and fresh water tanks
get emply, ensuring that the vessel does not get
overloaded at any time.
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HyprosTAT1C CURVES

The hydrostatic particulars of a ship consist of
displacement, deadweight, tonnes pcr centimetre
(TPC), height of COB above keel (KDB), distance of
COB from aiter perpendicular (AB) or from midships
(HB), height of transversc metacentre above keel
(KMT), height of the Jongitudinal metacentre above
keel (KMp), distance of centre of flotation from
aiter perpendicular (AF) or from midships (HF) and
moment to change trim by one centimetre (MCTC)

Sjnce each of these values depends on the
draft of the ship, the hydrostatic particulars are
given by the shipyard in the form of curves of tables
plotted or tabulated against draft.

The foregoing terms have all been explained in
earlier chapters with the exception of the last three
— KMp, AF (or HF) and MCTC., These will be
explained in detail in volume 1L

All the hydrostatic curves of a ship may be
given, by the shipyard, on 2 single sheet of graph
paper wherein draft may be indicated on the Y -axis
and centimetres on the X-axis, For each curve, one
centimetre on the ¥-axis represenis 4 different
value, as illustrated on the next Page Some
shipyards include, on the same graph, curves of
additional information which are dependant on draft,
such as wetted surface area, midship area, block
coefficient, water-plane area coefficient, etc
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In this chapter, the working will be confined
to the construction of one curve at a time. Problems
based on the hydrostatic particulars as a whole are
included in the next chapter.

When constructing graphs, the following notes
may be borne in mind:-

i) The scale used should be the largest that will
fit on the paper used.

ii) The scale chosen on each axis should be
clearly indicated.

iii) The curves may be drawn to scale on ordinary
paper. It is not necessary to use graph paper.

iv) The graphs need to be drawn only within the
given limits, for example: if the drafts are given
between 2 m and 8 m, it is not normally necessary to
show drafts less than 2 m or more than & m on the
graph.

Example |

Given the following information, construct a
displacement curve:

Dratt (m) 2 3 [ 5 6
Displ (1) 1400 3200 5050 7000 9000

From your curve,

i)  If the light displacement is 1300 t, find the
DWT aboard at 4.2 m draft.

ii) Find the TPC at 5 m draft.

i) From curve on next page,
Disp. at 4.2 m draft = 5475 t
Light displacement = 1300 t

DWT aboard Gi75 t
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it) Disp. at 5.2 m draft = 7400 t
Disp. at 4.8 m drait = 6600 1t
40 cm draft corresponds to 800 t
| ¢m draft would mean 800 =20t
40

Hence, TPC at 5 m drait = 20

Example 2

Construct a TPC curve from the following.
information:

Draft 1 . 3 4 3
TPC .44 581 7.00 7.62 8.00

From your curve, find the area of the water plane at
3.6 m dralt in SW.

From graph (next page) TPC at 3.6 mdraft = 7.4&
1025A = 74 or A = 74 x100 = 722m?
100 1.025

Hence, area of WP at 3.6 m draft = 722 m

Ex amgic 3

Construct a KB curve for a box-shaped vessel 150 m
long, 18 m broad between 4 m and 9 m draft.

If the BM at 6 m draft is &5 m, and the KG of the
vessel is 6.0 m, find the GM at that draft.

Since KB = 4 draft,
At 6 mdrait KB = 30 m
BM = 45 m
KM = 70 m
KG = 60 m
GM = IOm
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TPC T.4&

13wy wa'g
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DRAFT in metres
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To construct graph

in metres

DRAFT

9

Drait KB
b m 20 m
3 2.5
6 3.0
7 3.5
8 4.0
9 4.5

EXAMPLE 3

2 ; 3 ' L
KB in metres
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Exercise 12

Hydrostatic curves

Construct a displacement curve from
the following information:-

Draft {m) 1 1.5 2 2.5 3
Disp (t) 330 1020 1250 29230 3850

From your graph, [ind:

(a) TPC at 2 m draft.
(b) The draft when disp is 3000 t.

Given the following information, construct a
displacement curve:-

Draft {m) iy 5 (3 7 E
Disp (t) 7600 9800 12000 14300 16600

If the present draft is 5.4 m, and the load
draft is 7.8 m, find the DWT available,

Disp (1) 770 1270 1800 24500 3100
Draft {m) i 2 3 L 5

Using the foregoing data, construct a
displacement curve. [

If on arrival, the draft was 1.8 m and then
2000 t of cargo was loaded, 200 t of ballast
was pumped out, find the draft on sailing.

Construct a deadweight curve, Irom the
following data:-

Draft (m) 2 3 & 5 &
DWT (t) 360 980 1630 2770 4080

(a) Find the DWT aboard at 4.75 m draft.
(b) Find the TPC at 4 m draft,
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(€)  1f the light displacement is 376 t, find
the displacement at 3.6 m draft.

Construct a TPC curve from the IuIlDWing:—:

Draft (m) 2 3 [ 5 & 7
TRPC 2090 21.62 2208 2247 2295 23.5%

From your curve, find the TPC at 6.6 m drait
and at 3.3 m draft.

The following is taken from a ship's
hydrostatic particulars:-

Draft (m) | . 3 L 3 b
TPC 5890 62.30 6370 64.6063.3265.36

(a) Find the area of the waterplane at 4.2
m draft.

(b) At & m draft, the vessel loads 325 t of
cargo. Find the new draft.

From the following information, construct a
Kb curve:-

Draft (m) | 2 3 b
KB (m) 0.667 ‘1.333 20 2667

1f at 2.6 m draft the BM is 2.5 m, find the KM.

Construct a KB curve for a box-shaped vessel
50 m long and 12 m wide between the drafts
of 1l mand 5 m.

If at & m draft the BM is 3 m, find the KM.

From the following information, construct a
KMT curve:-

Draft (m) 2 4 6 8 10
KMT (m) 160 9.86 8.4 825 8.62
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From your graph,

(a) Find the minimum value of KMT and the
draft at which it occurs.

(b) if the KG is 6.3 m, find the GM at 5.6
m draft.

The following is taken from the hydrostatic
particulars of a ship:-

Draft (m) 2 3 & 5 & _ 8§ -8
KM (m) 560 391 303 268 211174 156

If the KG is 8 m, find the GMy. at 7 m draft.
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HyprosTATIC TABLES

As mentioned in the previous chapter, the
hydrostatic particulars of a ship may be given in the
form of curves or tables plotted or tabulated against
draft. Appendix I at the end of the bock is the
hydrostatic table of an imaginary general cargo ship
nuv. 'VIJAY'. The use of the hydrostatic table can be

understood properly by geing through the Io!lmurrg
worked examples:

ExamElf: 1

Find the hydrostatic particulars of m.v. 'VIJAY' at a
draft of 5.1 m in 5W,

This is obtained by direct linear interpolation
between the tabulated values against the drafts of
50 m and 5.2 m.

Required draft 5.100 m
Next below as per table 5.000 m
Difference from next below 100 m
Tabulated interval 200 m
Interpolation ratio .1
.2
Draft W TPC MCTC
Mext below 5.0 9851 22.06 165.7

Mext above 5.2 10333 2214 167.1
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Draft W TPC MCTC

Tabular difference 2 Ly 2 08 1.4
Interpolation ratio X.J ) X.J X.J
Diff. from top linc 1 221 00 7
Top line 20 D& 22.06 165,7
Required values 5.1 10112 22.10 166.4
; Droft AD AF KA KMy KAy

[

Hext below 5.0 2,004 71.913 2.685 H.LBL 255 .3
Hext obove el 72.011 T .B42 2,782 B.56&6 245,45
Tob, diff, o 003 071 105 « 120 B,
Int, rotio x.0 x.5 - w5 x.5 x5
Difference | D2 0385 052 LOE0 L.5
Top line 5.0 T2.01 T1.913 2.685 B.&BS 255 .3
Regd .. walues 5.1 2,012 T.B77 2.737 B.&626 249 .8

Note l: W and KMp may be worked to one decimal
place and the others to three decimal places.

Note 2: In actual practice, the interpolation need
not be shown so elaborately. 5Such interpolation may
be done mentally, or in rough, or by a calculator and
only the results shown,

anrr-.Elt: 2

Find the hydrestatic particulars of mwv. "WVIJAY' at a
displacement of 11762 t in SW.

This is obtained by direct Ilinear interpolation
between the tabulated wvalues against the 5SW
displacements just below and just above the given 5W
displacement.
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Required displacement 11762 t
Next below as per table 11672 1
Dilference from next below 90 t
Tabulated interval 50 t
Interpolation ratio = 90 = 0.2
450
W Draft TPC METC
1672 5.8 22.37 17113
12122 6.0 22.45 1729
L0 0,2 DA 1.6
Kol Kyl X2 X.2
20 « 04 16 F_TEE
1672 5.80 22,370 11M.3
11762 5.8% 22.386 171.6
W A AF KB KHT KM
11672 71.977 71,586 3,102 8.298 223.0
12122 71.960 T71.472 3,205 B.234 217.2
450 017 J16 103 064 5.8
e x,2 ®.2 X2 xy2
20 003 L] 21 013 1.2
11672 T1.977 Ti1.58& 3.102 B.Z298 223.0
1762 1.9 T1.563 3023 BB 221.8

Regrd.volues

See notes at the end of example 1.

Lxample 3

Find the displacement of m.v, WIJAY' when [loating at
o dralt of 6.4 m in DW of RD 1.015.

At 6.4 m draft in SW, W = 13030 t.

(This was obtained from the hydrostatic tables).

At 6.4 m draft in SW, u/w volume

13030 m3
1.025
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Hence, u/w volume of ship at 6.4 m

draft in any water = 13030 m3
1.025
At 64 m draft in DW RD 1.015,
W = 13030 x 1.015 = 12902.2 1

1.025

Example &

Find the draft of m.wv. '"VIJAY' in DW of RD 1,010, at
a displacement of 10650 tonnes.

Three methods of working this out are shown. The
first one 1is more tedious but is wvery easy 10
understand. The second method is gquicker to do,
once the reasoning is understood. The third method
is applicable only in this case, where displacement is
given, and is hence not recommended for general use.

Alternative |

'
Draft W in SW ufw vol W in DW of RD 1.010

m m3 L
3.2 10333 13333 10333 = 1.010 101%1.8
1023 1.O25
5.4 107F7 10777 10777 = 1010 = 106193
1025 1,025
5.6 11223 11223 11223 x 1.010 = 11058.8
1.025 1.025

The first two columns are taken froin the hydrostatic
table, while the next two are computed.

Interpolation is done between the [irst and last
columns for the desired W of 10650 t in DW as shown
on the next page:
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W in DW Draft

1 m
10619.3 54
11058.8 5.6
10630 5414 answer

Alternative 2

The underwater volume of a ship for a given draft is
constant.

So at any draft,

W in SW x density of DW = W in DW (at same draft)
1.025

OR

Win SW = W in DW x [.025 (at same draft)
density of DW

In this case,

W at same dralt in 5w = 10650 x 1.025
iir-_l;l]r_-]
= [0808.2 t

Using the first two coluimns of the hydrostatic table
interpolate for W of 10808.2 t, as shown below:

W in SW Dralt
i m

10777 i
11223 5.6
I10808.8 1y 1 answoer

Alternative 3

Entering the hydrostatic table with W of 10650 t, the
draft and TPC, both for SW, can be obtaincd:
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W Draft TPC
(SW) (SW)
10333 3.2 v 22,14
10777 34 22,22
10650 5.343 22,197

FWA ‘at 5.343 m SW draft = W
B0 TDC
= 10650
40 x 22.197
= 12 cm
DWA at 5343 m SW draft = (1.025 - 1.010) x 12
025
= 72cm = 072 m
AW draft for W 10650 t = 3343 m
DWA = Q072 m
DW draft for W 10650 t = 5415 m

Note: This method can be used only where W is given
and draft in DW or FW is to be calculated. It cannot
be used to find W accurately, given draft in DW or
FW. This method is, therefore, not recommended for
general use.

ExamEEE g

Find the hydrostatic particulars of mw. "IJAY' at 6.8
m draft in DW of RD 1.015.

From the hydrostatic table,

Draft W In SW TPC WCTC AD AF KB KMy KM
&,8 13943 22,83 180.3 71.85& 70.B02 3,620 8,076 198,54
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AB, AF, KB, KMT and KMy are functions of the ship's
underwater volume and shape and are hence
dependant on the draft only, not on the density of
water displaced. Their values tabulated against draft
hold good in any water, whether SW, FW or DW, for
that draft.

However, W, TPC, and MCTC are functions of the
draft and the density of water displaced, A
correction would have to be applied, for the density
of DW, to the tabulated values which are for 5W.

Note: A simple thumb rule for quick thinking would
be that, among all the hydrostatic particulars
tabulated against draft, those given in metres hold
good for that draft in water of any density whereas
those given in other units (t, t cm -1, tm cm- Dare
for SW and need correction for DW or H‘L

As explained in detail in example &, at any draft,

W in DW = W in SW x density of DW (at same draft)
1025

At 68 m draft in DW, W = 13943 x 1.015 = 13807 t
1.025

The same correction for DW density must be applied,
to the tabulated TPC and MCTC.

At 6.8 m draft in DW, TPC = 2283 x 1.015
1.025

= 224607 t cm-1

At 6.8 m draft in DW, MCTC= 1803 x 1.015
1.025
= 1 178,541 tm cm-1

Exam EIE 6

Find the hydrostatic particulars of m.v, 'VIJAY' at
12122 t displacement in FW.
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As explained in detail in example &4,

Wi SW = W DW x LuZ2d o {al same dialt)
density of DW
= 12122 x 1025 = 12%25 t
1

Whereas she is displacing 12122 t of FW, she would
displace 12425 t of SW at the same draft. The drafit
and the hydrostatic particulars may be interpolated
for 12425 t of W in SW and the results obtained in
two lots — the first lot requiring correction for
density; the second lot being correct as it is.

At any draft, W in FW = Win SW x |
1.025

Hence, to convert SW W, TPC and MCTC to FW
divide each by 1.025. j

From hydrostatic table

W Draft TPC MCTC
In SW 12122 6.0 2245 172.9
In SW 12575 6.2 22.54 178.6
In SW 12425 6.134 22510 174,03
Corrn. = FIF25 —1.025 —=1.023
in FW 12122 6.134 21.96]1 169.79

From hydrostatic table,

Draft ADB AF K13 KMT KML
6.0 71.960 71472 3.205 3.23% 217.2
6.2 71939 71329 3.309 3.130 211.6
6.134 71946 71.376 3275 E198 213.4%

These particulars, AB, AF, KB, KMT and KMg, hold
good at 6.134 m drait in water of any density.




139

Examele Fi

MY, '"WIIAYY, [oating at 3.8 m dralt in SW, louds
3640 t of cargo and pumps out 810 t of ballast, Find
her new draft.

From hydrostatic table, at 3.8 m draft ¥ = L JZI
Cargo loaded = 36401

109171

Ballast out = 2101

Mew W = 10107t

Interpolating from hydrostatic table for W 10107,

W Draft
9891 5.0
10333 52

10107 3.098 m

Example 8

Initial SW draft of m.v. "WIJAY' was 3.4 m and the
final SW draft was 47 m. Meanwhile 2000 t of
ballast was pumped out. Find the amount of cargo
worked.

From hydrostatic table, W at 3.4 m draft =10777 1
Ballast out = 2000t

W before cargo work = 87771

From hydrostatic table, W at &7 m draft = 9232¢
Hence, cargo loaded = 4551

Note Though cargo work and deballasting may have
been done simultaneously, it is easier to work it out
as if the known quantity was handled first.
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F,:-camgle 9

M.V, WIJAY! arrives with a draft of 6.2 m in DW of
RD 1,012, S3he is expected to load 2800 t of cargo
and discharge 1098 t. Compute her departure draft
in (i) DW (ii) SW.

W in SW x 1.012
1.025

12575 x 1.012
1.025

= 124155 t
Hence arrival W = 124155 t

Cargo loaded % 28000 t
[53Z2155 ¢t

Cargo discharged = 1098.0 t
Departure W = 141175 t

At 6 .2 m draft, W in DW

3

From hydrostatic table, W Draft inSW

13943 t 6.8 m
194802 t 0 m

141175t 6,876 m
Hence, SW draft on departure = 6876 m = answer (ii)

To find the DW draft on departure, using hydrostatic
table meant for 5W, work as shown in example &,

If drafit is constant, u/w vol of a ship is also
constant.

W in SW = W in DW
1.025 DWW density
Hence, at same draft, W in SW= 14117.0 x 1.025

1.012
142989 t
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If ship is displacing 14117.5 t of DW, she would
displace 142989t of S5W, at same drait. So entering
the hydrostatic table with 14298.2 t, the draft can
be obtained. This is the dralt in DW at 1%8117.5t W,

W Draft
13943 ¢ 6.8 m
14402 t 7.0 m

142989 t 6955 m

Hence departure drait in DW 6.955 m answer (i)
in SW = 6.876 m answer (ii)

E:mmElc' 10

On arrival port, mwv. '"WIJAY' had a draft of 6.6 m
when RD was 1.010. On departurc the draft and RD

were 54 m and 1.020. Find the amount of carge
worked.

Arrival W = 13486 x 1.010 = ]323886 t
1.025
Departure W = 10777 x 1.020 = 107244 t
1.025
Hence, cargo worked in port: discharged .2564.2 t
Exercise 13
Hydrostatic table
1 Find the hydrostatic particulars of m.v. 'VIJAY!
at &.72 m draft in SW.
T AT I-].-hn--,1.1||- g Do ndoreze o aoew, VLAY
at a displacement of 7990 t in SW.
3 If the draft of mw. '"VIJAY' is 50 m in DW of

RD 1005, find the displacement.
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Find the displacement when m.v, "WIJAY' is at
J.63 m drait in water of RD 1.017.

Find the DW draft of mw. "WIJAY' when her
displacement is 12650 t, if RD of DW is 1.009.

At 10,000 t displacement, find the draft of m.v.
WIJAY' in DW of RD 1.020.

‘Find the hydrostatic particulars of m.v, '"WIJAY"
at 3.0 m drait in DWof RD 1015,

State the hydrostatic particulars of mwv,
'VIJAY' in FW at a draft of 6.1 m.

Calculate the hydrostatic particulars of m.v.
'VIJAY" at &7 m draft in DW of RD 1,013,

Find the hydrostatic particulars of m.v. '"WIJAY!
at 10,000 t displacement in FW.

[f mv.'VIJAY' has a displacement of 8576 t,
find her hydrostatic particulars in DW of RD
I'Uial

M.V, "WIJAY"' has a draft of 5.1 m in SW. She
then loads 1800 t of cargo and takes on 400 t
of bunkers and FW. Find her new draft,

The arrival and departure drafts of m,v.
"WIJAY' were 4.6 m and 5.0 m in SW, In port,
1500 t of bunkers, FW and stores were
received. Find the amount of cargo worked,
S5tate whether the cargpo was loaded or
discharged.

MNVUVIJAY!' at 4.0 m draft in SW loads 5000 t
of cargo and pumps out 800 t of ballast. Find
her final draft.

Initial draft of mwv. '"VIJAY" in DW of RD 1010
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is 5.3 m., She then locads 2500 t of cargo.
her final draft (i) in the same dock. (i) i

Find
n SW,

ALY, '"VIJAY' is floating in DW of RD 1.017 at a
draft of 5.6 m. How much cargo can be loaded
so that her draft will be &4 m in 3W?

M.V. 'VIJAY' arrives outside a river port at a
SW draft of 6.0 m. She is to cross a 5.4 m deep
bar in the river RD 1.015. Find the minimum
cargo to discharge into lighters, so that she
may cross the bar with an under-keel clearance
of 0.4 m,

M.V. '"WIJAY' arrives at the port of Cochin
(India) at %9 m draft in RD 1.006. ©On
departure the draft was found to be 6.0 m—
hydrometer reading 1.018.  While in port, 2
heavy lifts weighting 200 t each were
discharged. Find the amount of general cargo
worked. :

MV, '"VIIAY' leaves the port of Bombay at 6.8
m draft in SW, bound for Calcutta, The owners
want to know what would be the FW draft on
arrival at the Calcutta pilot station. Can you
help them out? Steaming time six days,
consuming 20 t of fuel and 15 t of FW per day.
State also the SW draft on arrival.

MVJVIJAY' is expected to arrive at a river
port at a FW draft not exceeding 6.3 m. She is
at present in DW of RD 1.G20 at 5.4 m draft.
Find the maximum amount of cargo that may
be loaded at present, if the steaming time to
the river port is eight days, daily consumption
of fuel being 14 t and FW 16 t.
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HyprosTaTiC DRAFT

The hydrostatic particulars of a ship are
indicated against hydrostatic draft which is the true
draft of the ship. Hydrostatic draft may be a little
different from the midship's draft (which is the
arithmetical mean of the drafts [or'd and aft) when
the ship is not on an even keel, '

The hydrostatic draft of a ship is the draft
measured at the centre of flotation (COF).

COF is the geometric centre of the waterplane
area of the ship and it is the point about which she
would pivot, when her trim is changed. The position
of COF is indicated by its distance forward of the
after perpendicular of the ship (AF) or by its
distance forward or abaft midships (HF). AF (or HF,
as the case maybe) depends on thethydrostatic draft
of the ship and its values are indicated against it in
the hydrostatic particulars,

The meaning of hydrostatic draft is further
explained as [ollows:

Imagine a ship floating at an even keel draft
of 60 m. This means that her draft at the Torward
I-i'r|u'lu||:rlr|.|r i GO e aomed ool e L [LJ'I.‘I-|3'f'||t1i{_ll|dl
also it is 6.0 m. Her mean drait (or draft amidships)
is also 6.0 m. Ii some cargo is now shifted aft, the
ship's after draft would increase and her forward
drait would decrease — she would trim by the stern.
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Trim is the difference between the drafts forward
and aft.

If the COF is situated amidships Le, if F andH
were coincident, the ship would pivot about F and
the change of drafts at thc forward and alter
perpendiculars would be the same in value but
opposite in sign, as shown in figure 1.

1A figure 1, WL is the waterline before,& Wil 4
the waterline alter, the shifting of cargo towards aft.
Because COF is amidships, the decrease in draft for'd
and the increasc in dralt aft are equal, indicated by
x in figure 1. The trim caused would then be 2x,
The draits before and after shifting of cargo are also
indicated at the bottom of the lipure at the for'd
perpendicular, the after perpendicular and amidships
{mean draft), When the COF is amidships, mean draft
and hydrostatic dralt are the same,

If the COF is situated abaft amidships, as
shown in figure 2, the change ol dralits for'd and aft
would not only be opposite in sign (decrease for'd &
increase aft in this case) but would also be of
different values — greater change for'd and smaller
change aft — indicated by y & =z respectively in
figure 2.

In figure 2, WL & W4L4 ara the waterlines
before and after shifting of cargo towards aft. The
tritn causecd 15 yiz. The dralts belore and alter
shifting cargo arc indicated at cach ol four points —
for'd, alt, midships (mean) and at I©. It way be
noted that before, the drafts were 6.0 m all over but
after shifting of cargo, the mean (midships) draft in
59 m in this case whereas the hydrostatic draft
remains unaltered at 6.0 m.

Referring to figure 2 and omitting any specific
numerals, in right angled triangle FI%],
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H_J : Tan &
HF
But Tan 8 also = Trim
LBP
S0 HY = Trim or HI = HF % Trim
HE LBFP LBP

Hence, correction to apply to mean dralt to obtain
hydrostatic draft = HF x Trim
LBP

This correction is positive when COF is abait
midships and the vessel is trimmed by the stern.

1f the vessel was now trimmed by the head, by
shifting, cargo forward, the correction to apply to
mean draft to obtain hydrostatic draft would be
negative as illustrated by figure 3,

Similar simple illustrations can be made, where
F is forward of midships, to show that:

Correction to apply to mean draft to obtain

hydrostatic draft = HT x trim  (See figure 4)
.BP

This correction is positive when HF and trim are of
same name (both aft er both for'd) and negative when
they are of contrary names (one for'd and other aft).

Note: HF is the distance of COF from amidships and
is convenient to use il the ship's hydrostatic table
indicates longitudinal distances from midships (H).

Hydrostatic draft may alsoe bec obtained by
applying a correction to the aft draft of the ship.
Referring to figures 2 & 3, it may be seen that the
correction to apply te the aft drafit to obtain
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hydrostatic draft is z, to be subtracted when the ship
is trimmed by the stern and added when trimmed by
the head.

_z = Trim (Since both = Tan &)
AF LBP
Hence, z = AF x Trim

LBP

Hence, correction to apply to after draft to obtain
hydrostatic draft = AF x Trim
LBP

This correction is negative when the wvessel is
trimmed by the stern and positive when trimmed by
the head,

Note AF is the distance of the COF from the after
perpendicular of the ship and is convenient to use
when the ship's hydrostatic table indicates
longitudinal distances from the after perpendicular
(A

Examele 1

A ship is floating at a draft of 49 m for'd & 63 m
aft. Her LBP is 120 m. I her COF is 2 m abaft
midships (HF 2 m aft or AF 58 m), calculate the
hydrostatic draft.

For'd 49 m For'd 4.5m
Aft 6.3 m Aft 63 m
Mean 56 m Trim 1.% m by stern
Correction to mean draft = HF x Trim
= 2 x 14
120

= 0023 m
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Since HF and trim are of same name (both aft), this
correction is positive.

Mean draft 5.600 m
Correction +0.023 m

tHydrostatic draft 35623 m answer.

OR

Correction to aft draft

AF x Trim
LBP

58 x 1.t = 0677 m
120

Since trim is by stern, this correction is negative.

Aflt draft 6.300 m
Correction 0677 m

Hydrostatic draft 5623 m answer.

F

ExamElE 2

Find the hydrostatic draft given the following
particulars: Draft for'd 6.8 m, aft 5.0 m, COF 3 m
aft of midships (i.e.,, HF 3 m aft or AF 60 m), LBP
126 m.

For'd G2 m For'd 632 m
Al E m Adt éﬂ m
Mean 5359 m Trim 1.8 m by head
Correction to mean draft = HF x Trim
LBP
= 3Ixl.B = 0.043 m
126

Since HF and trim are of contrary names, this
correction is negative,
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Mean draft 5900 m
Correction -0.043 m

Hydrostatic draft 5.857 m answer,

OR
Correction to aft draft T . i
LBl
= 60 x 1.8 = 0.857m
126
Since trim is by head, this correction is positive,
Aft draft 5,000 m
Correction +0,257 m

Hydrostatic draft 5.857 m answer.

Examgie 3

M.V. '"VIJAY" is floating in SW at 50 m for'd and 7.0 m
aft, Find her hydrostatic draft, using the hydrostatic
table given in Appendix L

For'd 50 m For'd 50 m
Aft 70m Aft 70m

Mean 60 m Trim 2.0 m by stern

For mean draft of 6.0 m, AF = 71472 m
Correction to aft draft = AF x Trim
LBFP
= 71872 x 2 = 1021 m
140

Since trim is by stern, this correction is negative,

Aft draft 7.000 m
Correction -1.021 m

Hydrostatic draft  3.979 m answer.
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OR
HF in this case is [.472 m for'd
Correction to mean draft = HF % Trim
B
= J&872x2 = 0,021 m
140

Since the trim and HF are of contrary names, this
correction is negative,

Mean draft 6000 m
Correction 0021 m

Hydrostatic draft 5,979 m answer.

Example 4

Find the hydrostatic draft of m.v, "VIJAY! when at 4.9
m for'd draft and 5.5 m aft draft in DW of RD 1.010.

For'd 4.9 m For'd 4.9 m
Aft 2.:_5_ m Aft E m
Mean J.2 m Trim 0.6 m by stern

From the hydrostatic table, AF is 71.842 m at 5.2 m
draft in water of any density.

Corrn to aft draft = AF x*Trim
- LB
= 71.842 x 0.6 = 0308 m
140
Since trim is by stern, this correction is negative.
Alt draft J2.500 m
Correction =0308 m

Hydrostatic draft 3.192 m answer,

Note : This may also be worked using HF as

iMustrated in earlier examples, P
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Exercise 14
Hydrostatic draft

Drafts for'd 6.6 m, aft 86 m; COF 2 m for'd of
midships; LBP 100 m, Find hydrostatic draft.

Given the following particulars, find the
hydrostatic draft in DW of RD [.016 : Drafts
for'd 49 m, aft 43 m; HF 3.0 m for'd; LBP
120 m,

A vessel is floating in FW at drafis of 8,0 m
for'd and 12.0 m aft. If her HF is 2,5 aft and
LBP is 200 m, calculate her hydrostatic draft.

Drafts for'd 9.6 m, aft 82 in 5W; COF .2 m
abaft midships; LBP 180 m. Find hydrostatic
draft.

A ship is floating in water of RD 1.012 at
drafts of 7.2 m for'd and 8.8 m aft. Find her
hydrostatic draft if the COF is amidships.

A ship of LBP 176 m is floating in FW at a
draft of 12.6 m for'd and 12,6 m ait. If her
COF Is 3 m for'd of midships, find her
hydrostatic draft.

Drafts in FW, for'd 6.6 m, aft &4 m, LBP 200
m; AF 96 m. Find hydrostatic draft.

M.V, '"VIJAY"' is floating in DW of RD 1.020 at
drafts of 4.2 m for'd and 6.0 m aft. Find her
hydrostatic draft,

M.V. WIIAY! is floating in DW of RD 1.015 at
drafts of 50 m for'd and 7.0 m aft. Find her
hydrostatic draft in SW.

NOTE: Find hydrostatic draft in DW and then
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(RN ELEE L Py otk draft in SW.

]
MV, WIJAY' is floating at drafts of 6.2 m
for'd and 7.8 m aft in FW. TFind her present
displacement. 1f the departure draft in S5W is
not to exceed 7.0 m state how much cargo she
may load.

(=
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ANSWERS
Exercize |
L 11232t 2 1158 m 3 16464 t. 024 m
d 4236 t, 0.291 m 5 153751t 6 3.398 m, S1368 1
7T 1.5 m 8 0333 m 9 4288 t, D41l m
10 8956.3 1, 1.097T m
Exercise 2
1 164 1 2 47470 t (two sides 15150 t, two cnds 2020 t
and keel 30300 U 3 2000 m 4 4404 t towards
shallower side. 5 15804 m 6 718 1 7 1453 1t
B 6864 1 9 5002 t 10 8200 (., 4100 t outwards.
Exercise 3
i1 256 . OB 2 0732 m, 075 3 1386 m
4 792t 5 38 1 6 0.689 t T 1025 1
8 1.749 1 9 6 m 10 2025 t
Exercise 4
1 7380 t. IRO81 ¢, 10701 ¢t 2 10906 1. 5740 1, 12915t
3 328 tem —', 320 tem ', 3248 tem 7
4 163591 5 909216 1, 2907.84 1 & 0.7
7 307, B 42.8579; g 20268 tcm -i. 20,795 tem !
10 788.3 .
Exercise S
1 82 m 2 122 em rise. 3 64 cm smkazc.
4 8.4 cm nisc. 5 50 cm 6 1.063 m T
B 29795 1 9 4590 t 10 320 t 11 2122 1
12 1522 t 13 3977 1 14 620.8 1 15 4278 1t
16 3079 1 17 906 t 1B 640 1t 19 567.2 t

20 30971t
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Exercise &

1 6.1 m 2 575 m 3 4101 m 4 645 m

§ Dccreases by 0.75 m 6 I0RB m T 45045 1

B(a) 7.9 m (b) 745 m 9(a) F358 m (h) 9.1B8 m
]

10 {a) 8.057 m (h) E.OID m

Exercise’ 7

I 3380 m 2 4.1 m 3 6109 m 4 4183 m

5 4865 m 6 [272.7 1 T 2258 m

Bia) 8475 m Tia) 191 m 10(a) 7.120 m

(b) 8266 m (h)y 7.954 m ih)y 7.053 m

Exercise B

I 16 m 2 3048 m 3 3558 m 4 13284 t

5 DOEZ m 6 0053 m T 0497 m B 2487 m

g KB 25 m, AB 23107 m

Exercise 9
1 3486 tm
4 GZ 0239

Exercise 10

I 0.043
5 0.054
9 0574
12 0.833 m
16 (a) 0.531
{c) (i) 0.05%
Ay 0033 m

id) (iv) 0.008 m

m
m

m

m

m

m. RM 1912 tm

10 KB 3667 m. AD 225 m

2 1200 tm, 7.2493 m 3 7.505 m

5 GZ 0300 m. RM 1200 tm

2 (050 m 3 0600 m 4 0974 m
6 N436 = T D.TES m B L3866 m
10 9.737 m I1 0.BI0 m
13 D.285 m 14 0458 m I5 1L.874 m
(b (i) 0133 m (b} (iiy 0.066 m
(c)h (ii) 0039 m (c) (iii) 0.020 m
{d) (ii) D025 m (d) (1@} 0.017 m
17 (=) 00107 m (b) 0.021 m
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17 (c) 0.288 m (d} 0.309 m (¢) 1.333 m

18 No. I, No. 3 any one side, No. 3 other side, No. 2 any one side.
Mo, 2 other side, No. 3 centre.

19 No. 4 wing tank on lower side, No. 4 wing tank on higher
side, No. 1 DB 1ank.

20(a) 537.7 tm by GZ 0.331 m. RM 2648 tm

Exercise 11

I 3817 or 3° 4% 2 429" or 4" 1T to stbd

3 9.46° or 9°28° 1o sthd. 4 4817 or 47 4%

§ 235° or 27 21’ to porL & 463" or 4% 38" 1o sthd.

7 B23® or 87 14" 1o pori B 421° or 4" 13" to sthd

9 7047 or 77 03 1o sthd 10 1248 1

11 2.02° or 2°01" 1o pori. 12 14717 or 14742 1o sthd.

I3 2567 or 233 1o sthd. i14 132 1t from stbd. 10 port

15 493" or 4756 o sthd, 16 31.7 t

17 1242 t on port side. 3758 t on stbd side.

1B (i) 9.46" or 9°28" 1o sthd. (ii) 3.B5" or 3°51" to sthd

19(i) 7.78° or 7°47" 1o pon. (y 2.91%r 2°55 1o sthd.
(iii) 1.61° or 1736" to sthd.

20 (i) 7.48° or 7°29 to sthd (ii) 8.93° or 8°56" to port.
(iii) 1.617 or 17°36" 1o stbd.

21 (1) 264.51 (i} 6.69° or 6742° to port

Iz 3.19° or ITIY 23 10697 or 10%41" lo port.

24 3.43° or 326" to port. 25 2066 t to sthd.

Exercise 12

1{a) 195 tem—1 (b) 255 m 1 5425 t 3 485 m

4 (a) 2450 1 (b) 875 tcm —1! (c) 3616t

§ 2326 tem—', 21.78 tcm —' 6{a) 6317.1m? {b) 4054 m

T 4100 m 8 5000 m 9(=) 32 m al 7.5 m draft

b) 225 m 10 179 m




Exercise 13

1 Draft
4.72
AB
712016

2 w
' 7990
AB
712.011

3 9698.0 t 4

7 Drafi
5.0
AB
72014

B Dirafit
6.1
AB
71.950

9 Drafi
4.7
AB
72017

10 w

AB
72.012

11 W
8576
AB
T2.015

72.050 2.381

RD W TPC
1.025 9275.8 21.938
AF KB KM
T1.987 2.535 B804
RD Dyraft ThC
1.025 4.130 21.665
AlF KB EMT
72.109 2218 9,495
112022 t 5 6321 m
RD W TPC
1.015 97945 21.845
AF KR EMT
T1.913 2 6R5 B.6R6
RD w TPC
1.000 120473, 21.946
AF KB KMT
71.401 3.257 8.207
RD W TPC
1.013 9123.9 21.673
Al KB KMT
71.992 2.525 E9lD
RD Draft TPC
1000 5162 21.585
AF KB ' KMt
T1.855 2. 769 R_5R9
RD Diralt T2C
1.018 4.427 21.663
AF KB KMt

9.156

MCTC
163.66
KML
268.0

MCTC
158.972
KML
301.3

6 5071

MCTC
164.083
KM
2543

MCIC
169.512

ML
2144

MCTC
161.586
EKML
269.0

MCTC
162.765
ML
247.1

MCTC
160.386
KMo
283.5

H
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12 6.084 m 13 622 t discharged. 14 5905 m
15(i) 6427 m {ii) 6343 m 16 18946 1

17T 23275 i 18 Loaded 2947.5 1

19 6858 m, 6.708 m 20 2005.8 1

Exercise 14

1 7.560 m 2 4615 m 3 10,050 m

d BEBE6H m 5 R000 m 6 12.600 m

7 7536 m g 5076 m e 5927 m

1@ 14035.0 1, 3670 1




Appendix 1

HYDROSTATIC TABLE OF M.Y. ‘VUJAY'

E| w |Tec [McTC] AB | AF | KB | KM;| KM,
E |1 in SWi tem-! ‘tm cm-'] m | m m m il m

3.0 l 5580 | 20 88 ‘ 1469 | 71.956 | 72.127 | 1.605 | 11.470 | 3979
3.2 | GO0 ' 2107 | 1496 | T1.968 | 72.141 L7100 11030 ) 3758
34| 6423 ,I i1 B | 1521 | 71.979 72.141 | 1.823 | 10.630 | 356.1
3.6 | 6849 | 2136 | 1541 | 71990 | 72141 | 1931 | 10274 | 339
38| 7277 ! 2148 | 156.0 | 71.998 | 72.141 | 2.039 | 9950 | 3236
40| 7708 | 2160 1578 | 72008 | 72127 | 2147 | 9660 09.9
4.2 Bi41 21.70 I59.6 | 72012 | 72.099 [ 2.256 | 9.406 296.7
4.4 8576 21.80 161.3 | 72015 | 72.056 | 2367 9.182 285.0
4.6 2013 21.89 162.7 | 72017 | 72013 | 2473 | 8992 274.1
48 | 9451 | 2197 | 1643 | 72016 | 71970 | 2576 | 8828 | 2639
50| 9891 | 2206 | 1657 | 72014 | 71913 | 2.685 | B.686 | 2543
52| 10333 | 2214 | 167.1 ' 72.011 | 71.842 | 2.789 8.566 | 2454
54| 10777 | 2222 | 1685 | 72003 | 71757 | 2892 @ 8460 | 2375
s6 | 11223 2230 | 1699 | 71990 | 71671 | 2998 ‘ 8374 2200
SR | 11672 | 2237 i 1713 | 71977 | 71586 © 3902 | 8298 | 2230
6.0 | 12122 | 2245 | 1729 | 71.960 | 71472 | 3.205 | 8234 | 2172
6.2 | 12575 | 22.54 | 174.6 | 71.939 | 71.329 | 3309 | 8.180| 2116
64 | 13030 | 2264 | 1764 | 71.914 | TLIT2 | 3413 | 8136 | 2066
66| 13486 | 2273 | 1782 | 71887 | 71001 ' 3516 | sa00| 2024
6.8 | 13943 | 2283 180.3 | 71.856 | 70.802 3620 | 8076 198.4
70 | 14402 | 2293 | 1827 | 71819 | 70602 | 3725 | 8054 | 1946
W displacemeant Load W [9943 1 LOA 15000 m

A after perpendicular Light W 6000t LBP 14000 m

K keel DWT 13943 1 GRET 10,000 Tons

SW salt water of RD 1.025

NRT 5576 Tons
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