Ship Stability
5 sl

(o0 Ay (6l pho ywgyd | uiS yd (Stability) Jolei Conn gy i dsgosro
S 1y o 0a 9 03,5 Ly Gl 956 o3l e demo (Bl Lawgs 45wl
plos (gl 2,5 @Bly dute Yl (ye 395 (gly &5 gl p)lgsel . pl 0ailuiS IS
Sodiy Lol s ASlo po3 yeSge Ailgs (oo | degoore cplcnl jl o &8 (Sl
OERLAS )0 g (e Jo oo le-‘ﬂ) oo yde Sl 4 KsdS u»)).oT b Basles

AL aold 81,8 L o

.

290 &)y Loyl
W% olo Ll

Page 1



Ship Stability
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Ship Stability
((RD) (Relative Density) s cble b s J&s
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gmmﬁfe: 950 tones of liquid occupied in a box shaped
ballast tank of long=22m, beam=8m and height=7m and tank

is full, calculate density of liquid?

m= 950 tones =22m B=8m H=7m p=?

P=%

V=LBH=22x8x7=1232m?

950 "

p= T3s - 0.77 —

5%@%&: find mass of salt water which can loaded box

shaped tank of size 5mx3mx2m ?

l=5m B=3m H=2m p=1.025— m=?

m 3
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Ship Stability
p=% == m=pV
V=LBH=5x3x2=30m3

m =1.025 x 30 = 30.75 tones

Example: find volume of oil of density= 820 kg, which
occupied by 850 tons of oil?

p=0.820— m=850tons  V=?
m

p== = V==
v p

850 3
V= 0820 = 1036.58 m

gmmﬁfe: find the relative density of salt water whose
density is 1025 per Cu.m?

t
p= 1.025 F
RD == 102 _ 025
pfw 1
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Ship Stability
: (RB) (Reserve Buoyancy) (s sl o s
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gmmﬁfe: A box shaped vessel 105m = long, 30m = beam
and 20m = deep is floating upright in fresh water, if the

displacement is 19500 tons, find the volume of reserve
buoyancy ?

L=105m  B=30m H=20m p= 1# m=19500t RB="?

RB = Viotal — Voccupied

Viotal = L B H =105x30x20 = 63000 m?

m 19500
Voccupied = ofw = 1 = 19500 m?
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Ship Stability
RB = 63000 — 19500 = 43500 m?

5x¢mﬁfe: A box shaped barge 55mx15mx6m is floating in

water of density 1015 kg per Cu.m on an even Kkeel,
determine reserve buoyancy of ship if displacement of the
ship was 3500 tons ?

[=55m B=15m H=6m p= 1.015# m=3500t RB=7?

RB = Vtotal - Voccupied
Viotat =L B H=55x15x6 = 4950 m?

3500
Voccupied = % = m = 3448.27 m3

RB =4950 —3448.27 =1501.73_m?3
: (Archimedes Law) _wgdues)l 958

2l8 yolid e ] 59 51 A8 (o0 bule &7 T e o3l 4y (69l e o

039 med 518 Ol Bl S g 1) Holid pus SO ST S0 @lm 05 o0
il (o ol ol 5a byl Byl ] jlens aisy )y g o bl ol lade

: Displacement

A3l oo (tON) o5 ol sl g 035 (23S ST (59 b ol ddien

Page 6



Ship Stability

: Light Displacement
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Light Dispt. = L B D (J& 235 ) Paw (P 555 )

Page 7



Ship Stability

Load Dispt. =L B D (,; 25 y9%!) Psw (P y95 o)
Dead Weight = Dispt |5aq — Dispt ight

Present Dispt;=L B D4 p;q

Present Dispt,=L B D4 p,

W (005 (6 1u5,b b osis adss )b y59) = | Dispty— Disptyl

gmmﬁée: A Box shaped vessel with 45m=long, 12m=beam,

7m=height is floating in fresh water with draft=4.2m find
dispt. of V/L?

Ll=45m B=12m H=7m p= 1# D=4.2m Dispt.=?

Dispt. =L B D p = 45x12x7x1 = 2268 tons

gmmﬁfe: A box shaped ship long= 60m, maximum beam=

12m has a light draft= 2 meters, load draft= 5.2m, find dead
weight ?

L=60m B=12m Djjg=2m Dicag= 5.2m Dead weight="

Dead weight = Dispto.q — Disptiignt
DiSpt“ght =LB DIight Psw
Disptiignt = 60x12x2x1.025 = 1476 tons

Page 8



Ship Stability
Disptioag= L B Digad Psw
Disptjpag = 60x12x5.2x1.025 = 3837.6 tons
Dead weight=3837.6 — 1476 = 2361.6 tons

gm«/tﬁfe: A box shaped ship long= 100m, wide= 12m has

light draft of 4m and load draft= 9.2m, find her light Dispt.,
load Dispt. and dead weight ?

L= 100m B=12mM Djight =4m  Djgag =9.2mM

0= 1.025# Disptiight = ? Disptioad = ?

Dead weight = ?

Disptiight = L B Djight Psw = 100x12x4x1.025

Disptiigh: = 4920 tons

Disptioad = L B Djgag Psw = 100x12x9.2x1.025

Disptjpaqg = 11316 tones

Dead weight= Dispt|oag — Disptjighs = 11316—4920 = 6396
5%&1/%&: A Box shaped V/L with dimension of 48x10x8 m,

floated in a water of density 1.019 tons per cubic meter with
draft= 3.3m, She is loading a cargo in fresh water to reach
draft= 6m, find amount of cargo loaded?
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Ship Stability
L=48m B=10m H=8m pl= 1.019# D1=3.3m

02= 1# D2=6m w=?

w= dispt, — dispt;

dispt; =LBD; p; =48 x10x3.3x1.019=1614.09t
dispt,=LBD,p,=48x10x6x1=2880t
w=2880—-1614.09=1265.91t

2mmﬁfe: A box shaped V/L of 60m= long, 15m= wide,

floating in a water of density= 1017 kg per Cu.m with draft=
6.4m, She is going to discharge cargo of draft= 3.5m, find
amount of cargo discharged?

t t
L=60m B=15m p;=1.017 — D, =6.4m p,=p; = 1_017m

Dzz 3.5m w="?

w= dispt; — dispt;
dispt;=L B D; p; = 60x15x6.4x1.017 = 5857.92 tons

dispt,= L B D, p, = 60x15x3.5xx1.017 = 3203.55 tons
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Ship Stability

w =5857.92 —3203.55 = 2654.37 tons

5%«44&: A box shaped V/L with dimension 62x14x10 m,

displaces 3200 tons in water of density 1014 kg per Cu.m,
find present free board of V/L ?

L= 62m B=14m H=10m dispt= 3200 tons p= 1.014 —
m

Fb="7

Fbo=H-D

dispt=LB D p ====> 3200=62x14xDx1.014
3200

D= 880.152 3.63m

Fb=10-3.63=6.37 m

: (Cb) (Block coefficient) =S cu o
Ol 5 o buls Ol oo o jlaile (ol jo5al a5 ol Sy (eSe o
ggzel plam )3 Ol p 00 jg dbge Cuond aSe w4y g
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Ship Stability
S g asl o) (BOX Shaped) aSo lo S oaSo s Y &S
Al (o V1 a8 o ol (oS sla (S5 s

(dispt (ledge f) : U5 (xS et slo (23S (gl (@

dispt=L B D p C,

disptiight= L B Dijight Psw Cb light

disptioag= L B Dicag Psw Cb 10ad

Dead Weight= | disptyaq — disptiight |

Present dispt;=L B D; p; Cp1

Present dispt,=L B D, p, Cy»

Wload/discharged = diSptz - disptl |

gmmﬁfe: A V/L with long= 48m, wide= 12m, has present

draft= 4m with block coefficient of 0.78 in that draft in salt
water, determine dispt of V/L?
L=48m B=12m D=4m C,=0.78 — pSW:1.OZS% dispt=?

t
m?3

dispt=L B D p,, Cp=48x12x4x1.025x0.78= 1842.048 tons
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Ship Stability

gmmfe: A ship is 150m long, has 20m beam load draft 8m,

light draft 3m, the block coefficient at the load draft is 0.766
and at the light draft is 0.668 find the ship dead weight?

L=150m B=20m Dioag= 8m Dlight: 3m Cb load— 0.766

Cp light= 0.688 Dead weight="?

DW= dispt|paq — disptiignt

dispticad= L B Dioad Psw Cb load

disptipag= 150x20x8x1.025x0.766= 18843.6 tons
disptiight= L B Djight Psw Cb iight = 150x20x3x1.025x0.688
disptjignt= 6162.5 tons

DW=18843.6 —6162.5= 12681.3 tons

ZW&: A ship 64m long, 10m maximum beam, has a light

draft of 1.5m and a load draft of 4m the block coefficient of
fineness is 0.600 at light draft and 0.750 at the load draft,
find the dead weight ?

L=64m B=10m draftjg=1.5m drafty,q=4m

Cb light= 0.600 Cb load— 0.750 dead WEight: ?
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Ship Stability
p=p.w= 1.025 #
dead weight= dispty.q — disptiight
disptioag= L B Digag Psw Cb 10ad= 64x10x4x1.025x0.750
disptjoaq= 1968 tons
disptiight= L B Djight Psw Co iight= 64x10x1.5x1.025x0.600
disptjigne= 590.4 tons
dead weight= 1968 —590.4=1377.6 tons

Example: A ship 100m long, 15m beam & 12m deep is

floating on an even keel at a draft= 6m with block
coefficient= 0.72 in salt water, find amount of cargo to be
loaded in water of density= 1012 kg per Cu.m with draft=
7.4m block, coefficient=0.81

L= 100m B= 15m H=12m D;=6m Cy;= 0.72
t t
pP1= 1.025 m Pr= 1.012 m D2: 7.4m

Cy=0.81 w="?

w= | dispt, — dispt; |
dispt,=L B D, p, C,,= 100x15x7.4x1.012x0.81
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Ship Stability
dispt,= 9098.892 tons

dispt;=L B D; p; Cp1= 100x15x6x1.025x0.72
dispt;= 6642 tons

w=9098.892 — 6642=2456.892 tons

gmmﬁfe: A ship 120m long, 15m beam has block coefficient

of 0.700 and is floating at the load of 7m in fresh water. find
how much more cargo can be loaded if the ship is to float at
the same draft in salt water?

L=120m B=15m C,:=0.700 D;=7m

t t
p1=1 m3 D,=D; Cpi=Cpy p=1.025 3 w="7?

W= | dispt, — dispt; |

dispt;=L B D; p; Cp1= 120x15x7x1x0.700
dispt,;= 8820 tons

dispt,= L B D, p, Cy,=120x15x7x1.025x0.700
dispt,=9040.5 tons

W=9040.5 —-8820 = 220.5 tons
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Ship Stability

gm«/tﬁfe: A ship 100m long, 15m beam and 12m deep is

floating on an even keel at a draft of 6m, block coefficient
0.8 the ship is floating in salt water. find the cargo to
discharge so that the ship will float at the same draft in fresh
water?

L=100m  B=15m D;=6m Cp=0.8 p;=1.025 #

t
D,=D;  Cpo=Cpa p1=1 3 w=?

W= | dispt, — dispt, |

dispt;= L B D; p; Cp1= 100x15x6x1.025x0.8
dispt;= 7380 tons

dispt,= L B D, p, Cyo= 100x15x6x1x0.8
dispt,= 7200 tons

W= 7380 - 7200 = 180 tons
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Ship Stability
Water plane area ) O date pdaw 639450 b Cnlune oy

( Cw) ( coefficient

s a8 o1 (Jdatas 039d5w0 b Covlue 4 Ol glaie pdaww 639350 b Covlune Cnnd
5las)le ol Jgep &5 2058 (ol je50l o o ]y widl sy (o 8S1as g Jsb

area of water plane

Cw =

area of rectangular

area of water plane

Cw =
LxB

WPA=C,xLxB

gm«/zﬁ&: Find the area of the water plane of a ship 36

meters long, 6 meters beam which has a coefficient of
fineness of 0.8 ?

l=36m B=6m C,=0.8 WPA=?

WPA= C,, L B= 0.8x36x6= 172.8 m?
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Ship Stability

: (displacement) i 59 9, » (DeNsity) J&s @l 56

oy <l (Araft) jpou] Sualsin ek i b osin csla 255 5
L B D; p; Cp====>dispt;=LBD;p;Cp;
L B D; p; Cpp====>dispt;= LBD;p1Cp;

if draft= constant ====>

dispt1 _ LBD1p1Cb1l S dispt1 _ pl
dispt2  LBD2p2Ch2

dispt 2 B p2

gm«/zﬁ&: A ship displaces 7500 tons of water of density

1000 kg per Cu.m find displacement in tons when the ship is
floating at the same draft in water of density 1010 kg per
Cum?

dispt;= 7500 tons p1=1 # dispt,=7?

p,=1.010 # draft= const.

dispt1 _ pl
dispt 2 - p2
7500 1

dispt2  1.010

Page 18



Ship Stability

dispt,= 7500x1.010= 7575 tons

5%«44&: A ship displacement 7000 tons whilst floating in

fresh water. Find the displacement of ship when floating at
the same draft in water of density 1015 kg per cubic meter.

dispt;= 7000 tons p1=1 # dispt,=7?

p,=1.015 # draft= const.

dispt1 _ pl
dispt 2 - p2
7000 1

dispt2  1.015

dispt,= 7500x1.015= 7105 tons

Example: When floating in fresh water at a draft of 6.5m a

ship displaces 4288 tons, find the displacement when the
ship is floating at the same draft in water of density 1015 kg
per Cu.m?

dispt,;= 4288 tons p1=1 # dispt,=7?

p,=1.015 # draft= const.
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Ship Stability

dispt1  pl
dispt 2 B p2
4288 1

dispt2  1.015

dispt,= 4288x1.015=4352.32 tons

gmmﬁfe: A ship of 6400 tons displacement is floating in salt

water. The ship has to proceed to a berth where the density
of the water is 1008 kg per Cu.m find how much cargo must
be discharged if She is to remain at the salt water draft?

dispt;= 6400 tons p;=1.025 # p=1.008 #

draft= const. dispt,="? w="?
dispt1 _ pl
dispt 2 - p2

6400 _ 1.025

dispt2  1.008

6400x1.008

dispt,= o7t = 6293.85 tons

w= dispt; — dispt, = 6400 — 6293.85 = 106.15 tons
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Ship Stability

Exvample: A ship of 120m x 17m x 10m, has a block

coefficient 0.800 and is floating at the load summer draft of
7.2m in fresh water, find how much cargo can be loaded to
remain at the same draft in salt water?
L=120m B=17/m H=10m Cb,=0.8

t t
D,=7.2m p1=1 — draft= const. p,=1.025 —

w=7?
dispt1 _ pl
dispt 2 - p2

Dispt,;= LBD,p;Cbh;=120x17x7.2x1x0.8= 11750.4 tons

11750.4 1
dispt2  1.025

dispt,= 11750.4x1.025 = 12044.16 tons
w= dispt, — dispt;=12044.16 — 11750.4= 293.76 tons

Example: A box-shaped vessel 24m x 6m x 3m, displaces in

a draft of 2m with density= 1010 kg per Cu.m. find the
density of water whilst in that ship displaces 292 tons with
same draft?

Page 21



Ship Stability

L=24m B=6m H=3m D;=2m

p;=1.010 # Py="7 dispt,= 292 t draft= const.
dispt 1 pl

dispt 2 o p2

Dispt;= LBD1p1= 24x6x2x1.010= 290.88 tons

290.88 _ 1.010

292 p2

_292x1.010

t
2 o0ms 10133

S Sl (displacement) S 4je o) 2 yg0l s Slysl

: (Box — Shaped Vessel) [ ol 4 sla iS lp ()
S s L B p; D;===>Dispt;=LBDp;

pcds: LB p; D;===>Dispt,= LBD,p,

dispt1 _ LBD1p1l dispt1 _ LBD1pl

=== = = === > =

dispt 2 LBD2pz P27 P1 dispt2 ~ LBD2p1
____disptl D1
o dispt 2 D2
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Ship Stability

gm«/tﬁfe: A box-shaped vessel displaces 3450 tons has

draft= 3.4m, She is to load cargo where draft reach to 6m, in
same density, find new displacement of vessel?

Dispt;=3450t D;=3.4m D,=6m pi=p, dispt,="7

dispt1 _ D1
dispt2 D2
3450 _ 3.4
dispt 2 6
. 6%x3450
Dispt,= = 6088.23 tons

gxmuﬁée: A box-shaped vessel displaces 2650 tons with

draft= 7.3m, has arrive to berth & then discharge cargo, find
amount of cargo discharged when draft reach to 4.2m on
departure?

Dispt;=2650t D;=7.3m D,=4.2m p1=p; W=7

dispt1 _ D1
dispt 2 D2
2650 7.3
dispt2 4.2
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Ship Stability

2650 x4.2

Dispt,= =1524.65 tons

W= dispt; — dispt,= 2650 — 1524.65=1125.35t

S i b ol dm i b 23S (ol (A
;ii et L B P1 Dl Cbl === > DiSpt1= LBD1p1 Cb1
93 cJs: LB P> D, Cbz ===> DiSpt2= LBszz Cb2

,dispt1 _ LBD1p1Ch1
dispt2  LBD2p2Ch2

dispt 1 _ LBD1p1Ch1
dispt2  LBD2p1Ch2

Po= Py === >

S dispt1 _ D1Cbh1
dispt2  D2Ch2

gm«/zﬁ&: A vessel of 2600 tons displacement has draft=

4.5m with block coefficient= 0.74 proceed to a port of same
density, find new displacement of V/L when draft= 6.7m
with block coefficient= 0.85 in destination?

Dispt;=2600t Cby=0.74 p;=p, Dispt,=?
D2=6.7m Cbzz 085D1= 4.5m

dispt1 _ D1Cb1
dispt2  D2Ch2
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Ship Stability

2600 _ 4.5%0.74
dispt2  6.7x0.85

2600x6.7x0.85
4.5x0.74

Dispt,=
Dispt,= 4446.546 t

09 $SeelKin (Draft) s yo5ul (o) » (Density) J&s yuss oyt
: siley coli (Displacement) s

: (Box — Shaped Vessel) s o) ass cla iS olp (l
S5 s L B P1 D]_ ===> Dispt1= LBDlpl

»cds: LB  p,; D,===>Dispt,= LBD,p,

dispt1 _ LBD1pl
dispt2  LBD2p?2

& Dispt,= Dispt;

===> LBDyp;=LBD;,p, ===> D;p;=D,p,

D1 _ p2
D2  pl

gmw&: A Box-Shaped vessel floats at a mean draft of

2.1m meters; in dock water of density 1020 kg per Cu.m find
the mean draft for the same mass displacement in salt water
of density 1025 kg per cubic meter?

D,=2.1m  p;=1.020 # D,=?  Dispt,= Dispt,
D,=?  P,=1.025—
m
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Ship Stability

. . D1 p2
Dispt,= Dispt,===>— = —
Pt 8] D2 pl
21 1.025
D2 1.020
2.1%x1.020
, = ———— =2.089m
1.025

gmmﬁfe: A Box-Shaped vessel upright on an even keel as

shown in fresh water of density 1000 kg per Cu.m and the
center of buoyancy is 0.50m above the keel. Find the height
of center of buoyancy above the keel when the V/L is
floating in salt water of density 1025 kg per cubic meter.

‘ t
p1=1— KBi=0.5m  KB,=? p1=1.025—

Note: the center of buoyancy is the geometric center of
underwater volume and for a box shaped V/L must be at half

drafts i.e. KB= % D
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Ship Stability

a I
eB 2 D
\_ L1z
K

Dispt;= Dispt,
D1 _ p2
D2 pl
1 1.025 1
7 = 1 ===> DZ_ 1025 ===> Dz— 0.975m
KB,= D?Z= 0'92—75= 0.4875m
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Ship Stability

oxSe e b ol dss e ol i oly ()

gi{ et L B Dl P1 Cbl === > Dispt1= LBD1p1 Cb1

9 cJs: LB D, P> Cb2=== > DiSpt2= LBszz Cb2

dispt 1 _ LBD1p1Cb1
dispt2  LBD2p2Cb?2

& Dispt,= Dispt;

===> LBD;p; Cb;=LBD,p, Cb,===> D;p; Cb;=D,p, Cb,

D1 _ p2Ch2
D2  plCb1

gmmﬁfe: A Vessel of draft= 4m with block coefficient= 0.66

floating in salt water, find new draft of ship with block
coefficient= 0.71 when proceed in to water of density 1012
kg per Cu.m

D,=4m Cb,=0.66 p;=1.025 # D,=?

t
Cb;=0.71  p,=1.012—

. . D1 pZCbZ
D|S t =D|S t, === > = ===
PL=LIspl D2~ pilCb1l
4 1.012x0.71 4x1.025%0.66
= ===> D,= =3.766m
D2 1.025x0.66 1.012x%0.71
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Ship Stability

:TPC (Ton per Centimeter)

g o (il Vel ol yesul gl (59) b S Al b g (65,b <l 4y asslis
g8 TPCos (6,5,L b alss )b 55 ol 4 b

o Lem 1y yelid S Houl Wl o aST 0L o (o)l line S g (oo ()l

U : . . ) ton .
o 3 e o sl d 9298 (o Ol TON & wiliole ©jgum g —= (ol ol

osi 4155 L 55 olize W ) (£OM)

rpc =

(ysles y9e] puis e AD)(cm)

Ul g s cols WPA ) (M2) X (o JSs p) (=)
TPC=( e )n?) x( Jss p) g
100
(o}s sts Dispt )(ton )

TPC =

4 X(cppes o a3 FWA)(mm)

5%&1/%&: A Vessel with draft= 6.2m discharge a cargo of 80
tones, find TPC of V/L, when draft of V/L changed to 6.02m

D,=6.2m w=380t TPC=? D,=6.02m

w 80 80 80 t
TPC=—= = = =4.44 —
AD 6.2—6.02 0.18m 18cm cm
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Ship Stability

gmwzﬁfe: A vessel of TPC= 8 tones per centimeters, loaded

a weight of cargo, then draft changed about 150mm. find
amount of cargo loaded?

TPC=8--— AD=150mm w=?

cm

TPC=— ===>w=TPCXAD
AD

AD= 150mm= 115—00 cm=15cm

W=18 X 15=120 tons

Page 30



Ship Stability
((Fresh Water allowance) ;s ol a5 )

Gl Byl 4 9 Ol 5L g 59 Ol Byl ay (e O 1 ol S jg50] @l s

il cwdylie ol ge 8 g 030 mm 4y sty g 4005 ) e

FWA= Dispt
4XTPC
152,08 sllge 3
Dsw= Dfw — FWA

Ds,,= D, + FWA
FB,,= FB, + FWA
FB;,= FB,, — FWA

gm«/zﬁ&: A V/L displaces 1800 tons during the discharging

of a weight of 150 tons has draft 0.75m had changed, find
fresh water allowance?

Dispt=1800t w= 150t AD=0.75m=75cm FWA=?

Dispt
4XTPC
w 150

TPC:E_E

FWA=

TPC= 2 tons
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Ship Stability

1800 1800

FWA= =
4x2 8

=225 mm

gm«/tﬁfe: A ship of draft= 4.2m floating in a salt water, find

new draft of her, if she proceed in fresh water with FWA=
50mm

D.,,=4.2 m Df,=?FWA=50 mm=0.05m

Dsy=Dsw + FWA
Div=4.2m + 0.05m=4.25m

gxmuﬁée: A vessel of 0.542m free board floating in a water

of density 1000 kg per Cu.m find new free board of V/L
whilst floated in a salt water with 2200 tons displacement,
TPC= 18 tons

FB;=0.542m p;=1— FB=? P,=1.025—
m m

dispt=2200 tons TPC=181

FB,=FB, + FWA

Dispt 2200 2200

FWA= = =
4XTPC 4x18 72

= 30.555 mm=0.030 m
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Ship Stability

FB,=0.542 + 0.030=0.572 m

Example: A Ship of 70m X 12m X 8m has draft= 5m with
block coefficient= 0.8 floated in salt water, She arrive into

fresh water, find new free board of ship, TPC= 10 tons.

=20 m B=12m H=8m D;=5m Cb;=0.8

p:= 1.025 # 0,= 1 # FB,=? TPC=10t

FBZ= FBl — FWA
FB;=H-D;=8-5=3m

Dispt
4XTPC

Dispt= L;XB;XD:Xp:XCb;=20X12X5X1.025X0.8= 3444 tons

3444 3444
4%x10 40

FB,=3—-0.086=2.914 m

FBl=

FWA= =86.1 mm=0.086 m
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Ship Stability
(Dock Water allowance) Dock ol 4>
il o yei Ol 9 s of wle o J&s &5 5L o ol Dock Water
|y e ol & Dock ol 5L g Dock Gl G jlay yeis O 51 el 5 a5l ol s
ol Jgesd g 039 yie we 4 oy 351y .05 Dock water allowance L Dock ol 4,3

Wil (oo D gy

FWAX(psw — pDw)

DWA (mm)= 0.025

153 sllge 3
Dsw= Dpw — DWA
Dpw= D. + DWA
FBsw= FBpy + DWA
FBow= FBsw — DWA

5%&1/%&: A Ship with FWA= 150 mm floating in a water of

density= 1010 kg per Cu.m find change of draft whilst
entering in a water of density= 1025 kg per Cu.m?

FWA=150 mm p;=1.010—  AD=?  p,=1.025 —
m m

iy Sl DWA Slea AD cdls pl py 1 as$
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Ship Stability

FWAX(psw—pDW)  150%(1.025-1.010)

AD= DWA=
0.025 0.025

=90 mm

gmmﬁfe: A Ship of 3.5m draft floating in a salt water, find

new draft of ship while She will arrive into water of density
1017 kg per Cu.m with fresh water allowance= 120 mm

D,=3.5m p;=1.025— D,=?  p,=1.017 #

t
m?3

FWA=120 mm

Dpy,= D, + DWA

FWAx(psw —pDw) _ 120x(1.025-1.017) _ 120x0.008
0.025 a 0.025 ~0.025

DWA=38.4 mm=0.038 m

DWA=

Dow= Dsw + DWA=3.5 + 0.038=3.538 m

gmwﬁfe: A vessel of free board= 3.105 m floating in a

water of density= 1.007 # determine new free board of

vessel when proceed to a water of density= 1025 kg per
Cu.m (FWA= 205 mm)

t t
FB;=3.105m p1=1.007 — FB,=? p,=1.025 —
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Ship Stability

FWA= 205 mm

FB,= FB, + DWA

FWAx(p2—p1) _ 205x(1.025—1.007)  205x0.018 _ 3.69
0.025 - 0.025 ©0.025  0.025

DWA=

DWA=147.6 mm=0.147 m
FB,=3.105+0.147=3.252 m

gmmﬁfe: A Ship is loading in a summer zone in dock water

of density 1005 kg per Cu.m FWA= 62.5 mm, TPC= 15 tons.
The lower edge of summer load line is in the water line to
port and is 5 cm above the water line to starboard side. Find
how much more cargo may be loaded if the ship is to be at
the correct load draft in salt water?

Pow= 1.005 # FWA=62.5mm TPC=15t  w=?

b3 ol aJ b ausls Dock J 3 Cuwl ol 4SS aS jglailon YU dlluwe o LY
uib)‘fy‘b 5cm w‘)W)39U]b—>bwLm°w5u>(<o ’)')Ls;t:'“:’b
S 4 cpl 4 (Slee ygk Ol (o0 eald b KD 4 2 g Ll ol w0
3, )18 Sl cpS,b s ol ad p; 2.5em s Ol b geb iS > o
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Ship Stability

o o dnslne e &8 Sl (£5,L b VL A b alols wulese ST ol
2.5cm o Skl 6,5k bt ol 4 b Ol bad dlols bl g ysl cassy 1y w3l
oolod zex ol 2.5cm Gyl 9 25mm &S Sluwl (6,5 ,L s cwolus Ly o0y
25+25=5cm b plpas ) Sl ol b oYL U Ol ks 5l alolb coles b

Ll Candy (Cul

30 Sl Houl b amlgs o g azily )3 Dock ol jd 398 uiS aSSgn 500 B)b |
Uil 1y 565 a5l 5.5 Dock water allowance ojlusl 4 oplpls 387 603 ,b 49 Ol
2D

ol B0)S 6p5,b ls (0 85 (65l Glime W = AD X TPC g8 jl odliul b Jbs
'3)91@*’-3%‘)3),5)‘).’9’@@[3%,]&5_)) . iS

25mm

|

|
Water Line /_-\_’\/zsnﬂ\t/\__/
|

S

FWAxX(psw—pDw) _ 62.5%(1.025—1.005) _ 62.5%0.020 _ 1.25
0.025 - 0.025 T 0.025  0.025

DWA= =50 mm=5cm

AD=5+DWA=5+5=10cm
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Ship Stability

TPC=%=== >w =AD X TPC = 10 X 15 = 150 tons

(WS ol 4 bgije oy alae iy
: (Upright) B cdlbs — )
9y REBL dgas Gy jolid b (S oS 05 (0 atdS S bl jl (b o,
A5l Gl S50 €8 > S b g 0291 9 dbst O s
: Heel - v
S Heel 1) o e 5 Of iz ol sl (2B (985 3 p pglid (o0 (1 &
: List - ¥

Jlo (glys S List 5ol (gay 0 1y 5l il loden 31 5 polis o ye i &5
445 0103)S yolid (A8 &S el 235 brly 5Ll (p2ye sl 53 )b S Sl

Ao oS List il zS oyl
: Even Keel - ¥

Sl LSy e g bawg g gl )3 5l josul &5 355 e atiS b
:Trim - &

51 a5, ke a5 Wl sgagr clls 93 5 conl oo a5 35S Trim
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Ship Stability

awsl o5l 5l piia Holid (gol> b aiuw y95ul clls oyl ;3 a8 : Trim By Head (!

RV

(s L )959] 5|y 4l )95L31 &S Do o adS Ul 4 : Trim By Aft/Stern (&

b

(s)9 abge 35 ,0) Center Of Floatation - ¢

sl oS lp A8 e (Trim) Jeb e dadi pl Jo> jols & cunl o] alads
Aol oo (Amidships) jolus lawg ;> S50 pl (Box Shaped Vessel) =S

: (Center Of Gravity) GLCOG L [& 5,0 - V

2l A ol b (S S U8 38 50 500 Ol LBl (o (IS 3g b pln 930
Srilly e STnlnle 0d (o 023 dali ()] )3 55lid S g pled & o
)8 salgs )18 ol g ol b males gl o S

: (Center Of Buoyancy) B L COB L ¢,slus ;5,0 — A

9t 35 yo oy yolid (ol 5 JB 3550 (il 2l (o0 polid alewgy 0 bl O

Page 39



Ship Stability

: (Force Of Buoyancy) FOB L (¢,slus (905 — &

9 2908 gy (IS o odd bl sleel Byl & sl (098« polid g9

29 (oo Jlosl (555l 39 50 2 Vb Cronny

: M L Meta Center- -

oo ol 0gn gla 10 G et (Heel) 35,5 &8 (2B (gop 51 o byd )0 jels SO )3T
bi o oldail . A8 o e Lol Hold Ol j JSS s B dais Jg S
O &S 5l dm gl ()5l (goy b g jolid (i &S 1 S adsl (g )pslid (9,0
A365 Meta Center g GS o o |y ,Sson

: GM L Meta Centric Height — )

WS |y (G) ouiS J&5 S 5 U Meta Center alai yo Juold s>
: KM = Y

A5 |y Meta Center alai U suiS Keel po (69908 Joold s>
: KG— Y

oS |y uiS J& 35 50 U Keel oy (5390e Jold 2>
: Kg— Y

buls by oss a5 b ok (£,:5,0 ,b U8 35,0 b 225 Keel o g3g0s Juold s
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Ship Stability
:KB- YO
A0S |y 6ol dlads U Keel po (s090s Jold s>
:BM - V¥

AooS |y (69l alads b Meta Center (o (63908 Juols 2>

M
A A ) A
BM GM
KM

G Qv L

vB @ KG o

KB
K \ 4 . I j

KM= KG + GM

KM= KB + BM

GM= KM - KG

KG= KM - GM
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Ship Stability

4 I
I
B ¢

\ )

: (Type Of Stability Equilibrium) ci8 ;s ol glgsl

: (Stable Equilibrium) ;b Jols — )
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Ship Stability

0= Angel of Heel
Moment of statical stability= Dispt X GZ; GZ= GM X Sin 6
Moment of statical stability= Dispt X GM X Sin 8

Stasb G L & 55,0 alass | gYL M L Meta Center alass ol &5y &5 8
adgl oy 3l hles yolis ] (Heel) 20 &8 (tow 4 (2)5 5958 51 52 55l
GM (slls (5 Camsy () 9 (sl 5 255 sm )il o5 cllo () 4 o8 35,53
s iy 03,5 5 o 4 S gy S P g S Sy 51 adl e e
B ply gy a4y g WS o0 i (B) (69l 3850 )l ol o) oo IS
o Jlosl YU Gy dgas 9 BT alall jl i (695l (59500 9 83 (o0 (S0 S
G dai jl &5 pyal SO cwl (asuine [0 5 &S johailen 0,05 o M dlads 5l 30,5
proly 2ol (o Z 15l (B oo g o] (o0 39250 M (55l 59y 1 D908 gy
o el g 039 yopeio 01313,5 5L pyal 4 45 s0sels (Righting Lever) GZ |, osol 344
(Moment of statical _Ssluol ol jobsS )l b oaily )50 joluis G a8 25
0 1,04 il o Dispt XGM X Sin 8 L ply o o5lal a8 5,41 3954, stability)
S99 SIS 0jg 9y Ml (oo (Angel of heel) dgac Lad 5l 5l (0 &5 445
S99 Suded Cqa B p (2lagy g 0d9ed 02litul (GZ) pyal (pl I (148 (6ol
335 (oo adgl Sl (125 S sl 9 09 (o0
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Ship Stability

: (Stiff Ship) cow p S

&S (ot () slogys Sl STl S)5 cute GM gl (238 S aSelSin
ol 4 3,550 063 adgl oy (o0l Gl g ey b aS 3 bles Helid ol g
S 25l (o GM Jlade (39 S5 Syl b 9 GZ L oy Sk pyal (39 S5 sy
oo el o > 8l Il e oa8la Sl LGS 9 (o sl S
o S et Mt sy el 5 33,53 adg] oy 6ty iy b 22 39
2 g

DS o dedd b9 codl el - )

S 0 0yb |y s Lashing Ylis | oas buls sla)b — ¥

o Sbikas ol (gl Glole bawg (2S5 ()jlre ) 0 bl 4y = ¥

sl
don Jol S > s Clay gl cdbw cuiS s loj o S &) Jlsl — F

Cawl b5 3,5 655lg adgl o 28 bilie Caows jd g 83l Cuwd 1,
: (Tender Ship) ¢l, o8

&S o (2B 9585 Pl g STk So S Cute GM )b i8S S &Sl
9 SasS S ol 48 23,5 098 4yl oy el 4 oS )y bl 1S ol 24
ol 3 onlpl 9 23k o (SIS GM (35 SarsS o] iy 5 (GZ) 015 Sl p ol
63g1 oS Liylde adol oy S a0, S 5h (ely ool dgmgn yoliiiS a5 g o asly
ol &5 clb gl L 2055k adgl clbn (oF Cospu g S b S il
9,5 7 S (2B 9y Pl g 1S &5 wms L ) 255 Sloj Canl (e ISe
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Ship Stability

8 150 psls o (a8 cusS p 8 6y 3 S)p gge adgl oy culS y plin
23,5 guiS 5653lg sl 9005

: (Unstable Equilibrium) )lub U Jols — ¥

b (M) Meta Center aladi | gYL (G)  ouiS & S pe aladi By jold S o

)15 biled yglid () 390 &5 (gowms (2)B S9y5 Sl y9lid ST (1l oo ke GM)
265 L ols Cumdy ) 4 45 53,5 565 3ls Lules b amd dbl g3 ol &5 4y

ol Cromr dg0 Oy polid (39 Sox8 D35 &5 (2B 9y Sl p el S S
i & 5 93305 i3 (B) (35l 50 (sl cyplid USG5 it ot 5 390 oo Jloe!
YU oy Ol a2 3908 &g B alal Sl > (59l (59,8 9 1l o JUaDI B
&S GZ p bl Conl jasuin S )0 &S jshailen 0,05 o0 M dkii jl 4005 o Jlas!
b ply o (Soi 4548 e dloml (6y5ltS il o 23S (553l 0l (S )lm

)3k (Moment of capsizing) —ouiS (4555ls HgliiS 45 g 639s DisptXGMXSin ©
oMb &S A B ol a8 08 e gl b &S Byl p5lis S5l ey g 0y
Aol oo (Angel of heel)
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Ship Stability

FOB’ 4

WI

: (Neutral Equilibrium) s ol — ¥

)8 o2 59y » Meta Center L M bt o (&5 S 50) G aladi jold Gy 28
Crl 298 & (o yolid (pl (298 5958 Sl g STASL GM=0 )l b 5 65
A dsldl dgn a8 W 0yl bled 4 g 00,55 05 adgl cdls w a)b bled &5 jelis
wp My G aSigy il e o Bl LS (05 8 Sy ot 2
5 il 1alg5 3929 535 5531y b s o L3 sl comsml e A28l o il
Qox ) 9 ) ad S 55 (5)glidS AgS g a3 9 995 0 GZ= 0 (ke

Sl Slg5S oSy 1S Jaled g sl

Page 46



Ship Stability

FOB’ ,

WI

W : Angel of Loll

o b sl sl e Ay GM (shls i8S aSalKin 05 4238 M3 sl
(Angel of (xS ayl; aoplis Jlo . 9 (o0 )bl Jold jlod 35 &8 Seg8 445
OB J& 59 dbse Cuow 5 (g il (B) (5)slid 5 0 el (ialj8l (23S (ol hell)

330 25 BB> (3908 g o dop ubge 4 (B) (59l 35 po eilin S o
s 3ol (Moment of capsizing) 553l oliis o> 05 418 (G)  ouis” &5
ol 0318l 351 o) 45" (Angel of heel) > a9l ol . 39y oo oy jl g 23,5
aoly S b L0038 o yao b ply GZ ayly pl jd (plpls &5 0565 Angel of Loll
Cuomns g Lwly 53 (B) (5y9lid S 40 33,5 Angel of Loll ;I suiws Angel of heel >

oyl )9t S ol Sy 5 0aib S5k o0l Sy 4GB A8 o 08 o it (S
23,5 3L adol cdbu oiS 205 o el &S ol
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Ship Stability

FOB’ 4 4

FOB’ ,

W w’

FOB’

/  FOB

v W’

8,= Angel Of Loll

w’ 93>92>91
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Ship Stability

: Angel of Loll &6lj Curndy zusas

S 1y 0l &5 & e lg ol il el g0 2 )
ad JUSH el 4 YUl 0ad &8 Cuons sba)l Sl )50 2 ¥
oS adss 1) iS e g8 lle Caow jle Ol ke el O ygo > Y

w2 (oo el ) Vg ) sy Sldes gy da (jle 590 2 ¥

bl Joles Cordg pusual
ool syl & adye 9 oYL ol 5l S slayb Jlast )
sl Sl e (35 3 9 (YL Jol ()5l s Y
2 4o 3o (3,5 kg adss ¥
Db s |y adye (69, sla )b Wb s Mol GM 348 cloladl b (5t ¥
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Ship Stability
5 (G:M) Final GM L ks GM 4 (KGy) Final KG L sl KG dwwl>e

b g9y 5ok Sl kS ) Oldes jlan (GGY) iS U8 S50 obml>
sl ((E) (Center Line) _ouiS (g ywliyuw

: Center Line (g9, » (G) yolus J&5 iS40 51 5 cpol (6,5 ,L (A
W= odd 65,k iy Ol
d= i8S J& 5550 b ,L J8 S50 g350s alold

Dispt = SM*S 5 4.».]9‘ U)9

wXd
GGy=————
Dispt +w

KG,= KG - GG,
G]_M= GM + GG]_
Gle KM — KGl
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Ship Stability

gm«/tﬁfe: A Ship displaces 2000 tons has KG= 10.8m, find

the KG/GM if a weight of 100 tons mass already loading on
center line with Kg=6m

Dispt= 2000 t KG=10.8 m KM= 13 m KG,=?
G, M=? w= 100t Kg=6m :
? M 4
d=10.8-6=4.8 m
’ ‘
wxd 100%x4.8 ¢ ©
GG=— = =0.228 m
Dispt +w 2000+100 e 13m
10.8m
KGi=KG—-GG,=10.8-0.228 [ I 6m
®

KG,= 10.572 m L
G,M= KM — KG,= 13 — 10.572= 2.428 m |
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Ship Stability

gm«/tﬁfe: A ship of 700 tons displacement has GM= 1.2 m

find new Meta centric height of ship while a cargo of 200
tons mass loading in 3.2 m below the central of gravity of
ship?

Dispt= 700 t GM=1.2m G,M=? d=3.2m
w= 200 t :
? M A
1.2
G;M= GM + GG, :
’ G \ 4
wxd ~ 200%3.2 640 s
GGy= = = =0.71m ® G
1™ Dispt +w 7004200 900 3:2 |:|
\ - g )
GM=1.2+.071=191m

: Center Line (g9 » (G) jolud & 5550 3| 5V (6,50 (&
W= ol 65,k 0jg Ol
d= S 8 350 b,k J& 3550 (5390 alold

Dispt = ;WS i A.Jj‘ U)9

Page 52



Ship Stability

wXd
GGl= -
Dispt +w

KGlz KG + GGl
G;M=GM - GG,
G;M= KM - KG,

gmw&: A ship displaces 250 tons has KM= 7.2 m, KG=5m

find vertical shift of center of gravity & new Meta centric
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Ship Stability

height of ship if a weight of 50 tons with Kg= 7.5 m already

loading in center line of ship.
w= 250t KM= 7.2 m KG=5m

w=50t Kg=7.5m

d=Kg—-KG=7.5-5=25m

_ wxd _ 50%2.5 125
" Dispt+w 250450 300

G;M=GM - GG; & GM= KM - KG

GG, =0.41m

GM=7.2-5=22m
GiM=2.2-0.41=1.79m

GGlz?

7.5

GlM:?

7.2

: Center Line (¢g) » (G) yolus J& 3550 5 )b adss (z

W = ol A»l?u > )l) O}s )‘A.O;o

d= S J& 35 50 b odd aldss )b J& 39 pe (63900 alold

Dispt = S &gl 59

Page 54



Dispt=1750t KM=6.5m

Kg=3.3m GG ="

Ship Stability

wXd
GlGl= ;
Dispt —w

KGll= KG + GGl
Gle GM - GGl
G,;M= KM - KG,

gmwﬁfe: A ship has displacement 1750 tons, KM= 6.5 m,

KG= 5.9 m. Calculate vertical shift of G & new Meta centric
height of ship if a weight of 300 tons raised with Kg= 3.3 m
(operation is on (E)

KG=5.9m w= 300

Gll\/|=?
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Ship Stability

. M A
¢ G
‘ G 6.5
5.9 __
R (K
: v
c
d=KG-Kg=5.9-3.3=2.6 m
d 300x%2.6 780
GG,z X% - 22X 2 053 m

" Dispt —w 1750—300 1450
GM=KM -KG=6.5-5.9=0.6 m
G;M=GM -GG4=0.6-0.53=0.07 m

: Center Line (59 » (G) jolud & 580 sV L adss (o
d= S J& 3550 b oad 4o )b J& 5 50 (5390 dlold

Dispt = ;WS i A.Jj‘ U)9
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Ship Stability
$

1
L1 8

w Xd

GlGl= ;
Dispt —w

KG;= KG - GG,
Gle GM + GGl
G;M= KM - KG,

2%%%&: A box shaped vessel of 45 X 10 X 6 m, floating in a

salt water, with draft=4 m and has KG=4.5 m, KM= 6.4 m, if
a weight 200 tons discharged from a distance of 3 m above G
on center line, find new GM?

=45 m B=10m H=6m D=4 m

KG=4.5m KM=6.4 m w= 200t d=3m
t

Psw=1.025 — G{M="?
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Ship Stability

6.4

Dispt=LX B X Dy, X psw=45 X10X 4 X 1.025=1845t

wXd 200x3 600
GGl_

= = = =0.36m
Dispt —w 1845-200 1645

KG;= KG-GG1=4.5-0.36=4.14 m
GiM=KM —-KG1=6.4—-4.14=2.26 m
: Center Line (59 y oyl G YU 1L Sbols (2
W= ol ol b )9 sl
d =k bl e

Dispt = ;.MS "’ 4».]5‘ U)9




Ship Stability
KG= KG — GG,
G;M=GM + GG,
G1M= KM - KG,

gmmﬁée: A Ship has displacement of 2000 tons has GM=

1.5 m, find new Meta centric height of ship if a weight of 200
tons on board shifted from main deck toward tween deck
through a distance of 3 meters vertically on center line of
ship?

Dispt= 2000 t GM=15m G{M="? w= 200t
d=3m
6
“' |_:_| g ‘ 1.5m
3m
® G
L@_/
¢
xXd 200x3
GGy= ——= =0.3m
Dispt 2000

Gle GM + GGl= 1.5+0.3=1.8 m
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Ship Stability

gm«/tﬁfe: A Ship displaces 1500 tons has KM= 9 m, KG= 6.5

m, a weight of 250 tons shifted downward vertically on the
center line of ship through a distance of 2.5 m, determined
final KG & GM?

w=1500t KM=9m KG=6.5m w=250t

d=2.5m KGlz? GlM:?

w Xd _ 250x%2.5

GGy= Dispt 1500 0.41m

KG;= KG-GG;=6.5-0.41=6.09 m
G;M=KM -KG;=9-6.09=2.91m

: Center Line (s9) » YU Cuouws ool 5l 5L obuls (&

d =k bel (e
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Dispt= 2400t KM=7m

Kg=2.2m Kg;=7.2m GG;=?

Ship Stability

KGl= KG + GGl
G:M=GM - GG,

Gle KM — KGl

GlM:?

ZW&: A Vessel 2400 tons displacement has KM= 7 m,

KG= 4.1 m, a weight of 200 tons already on board shift from
Kg= 2.2 m to Kg= 7.2 m, find vertical shift of ship’s center of
gravity & final Meta centric height (operation is on(t)

KG=4.1m w=200t
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Ship Stability

7.2m

d=Kg;—Kg=7.2—-2.2=5m

wxd 200x5
GGi=——= =041 m
Dispt 2400

KG;=KG +GG;=4.1+0.41=451m

GiM=KM -KG;=7-4.51=2.49m

4.1m

E}D
) e

[0

r-

7m

I 2.2m
v

gmwﬁfe: A Ship has displacement of 2000 tons & KG= 10.5

m, find the new KG if the weight of 40 tons already on board
is shifted from the tween deck to the lower hold, through a

distance of 4.5 m vertically?

Dispt= 2000 t KG=10.5m KG,=?
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Ship Stability

d=45m
em
wxd 40x4.5
GGy= Dispt 2000 09 m 4 re 4.5m
@G
KG;=KG-GG=10.5-0.9=9.6 m
10.5m : v

gxamﬁée: A Ship has displacement of 2400 tons & KG= 10.8

m, find the new KG if a weight of 50 tons already on board is
raised 12 meters vertically?

Dispt= 2400t KG=10.8 m KG=? w=50t
d=12m
KGi=KG +GG;=10.8 +0.25=11.05m |:| o |4
’ G, 12'm
e G
10.8'm I g |
——

K :
:
:
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Ship Stability

g2

83

5%&1/%&: A Ship of 2000 tons displacement has KG= 4.5

meters, a heavy lift 20 tons mass is in the lower hold and has
Kg= 2 meters, this weight is then raised 0.5 meters clear of
the tank top by a derrick whose head is 14 meters above the
keel. Find the new KG of ship?
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Ship Stability

Dispt= 2000 t KG=45m w=20t Kg=2m

KGlz?
| 45m
g H
2m
v \ H I . /
K
d=14-2=12m
wXxd 20x12
GG,= Dispt 2000 0.12m

KG;=KG +GG;=4.5+0.12=4.62 m

5%&1/%&: A Ship has displacement of 7000 tons & KG=6

meters, a heavy lift in the lower hold has Kg= 3 meters and
mass 40 tons. Find the new KG when this weight is raised
through 1.5 meters vertically and is suspended by a derrick
whose head is 17 meters above the keel.
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Ship Stability

Dispt= 7000 t KG=6m Kg=3m w=40t

KGlz?
17m
e
g E I 6m
3m
K
d=17-3=14m
wXxd 40x14
GG,= Dispt 7000 0.08 m

KG;= KG + GG;=6 + 0.08=6.08 m
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Ship Stability
(Final GM) ks GM 4 (KG;3) (Final KG) ks KG awwlbxe

(s x5k Slles jlan (GGy) (iS85 S50 ol Glise 5 (G1M)
syl ¢l (Center Line) oS (opwbpw b (cqyp ool b g adss
: ’lo.‘

Final Moment about Keel

KG 1=

Final Dispt
GG,= | KG - KG, |
G,;M= KM — KG,
G;M= GM % GG,

2x¢mﬁfez A Ship of 6000 tons displacement has KG=6 m &
KM= 7.33 m the following cargo is loaded:

1000 tons Kg=2.5m
500 tons Kg=3.5m
/750 tons Kg=9.0 m
The following cargo is then discharged:
450 tons Kg=0.6 m
800 tons Kg=3.0m
Find the final GM? (Operation is on(t)
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Dispt= 6000 tons

Loading:

KG=6m

w;=1000t/Kg=2.5m

w,=500t/Kg=3.5m

ws= 750t/ Kg=9m

Discharging:

w,;=450t/Kg=0.6 m

W= SOOt/ Kg: 3m

Ship Stability

KM=7.33m

G,M=?
G,M=KM—-KG, & KG,= Final Molment .about Keel
Final Dispt
w | Kg | Moment about Keel
+6000| 6 +36000
+1000| 2.5 +2500
+500 | 3.5 +1750
+750 | 9 +6750
-450 | 1.6 -270
-800 | 3 -2400
Total |+7000 +44300

Page 69




Ship Stability

44300

KG,= 7000

=6.33m

GM=7.33-6.33=1m

gm«/tﬁfe: A Ship arrives in a port with displacement 7000

tons and KG= 6 m, then She discharges and loads the
following quantities:

Discharge:

1300t Kg=4.5m
680 t Kg=3.5m
420t Kg=9 m
Load:

980 t Kg=4.25m
550t Kg=6 m
700t Kg=1m
80t Kg=12 m

During stay in the port 30 tons of oil (Kg= 1 m) are consumed
if the final KM is 6.8 m, find the GM on departure and
vertical shift of G? (Operation is on(t)

Dispt= 7000 t KG=6m
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Ship Stability
Discharge:
w;= 1300t/ Kg=4.5m
w,=680t/Kg=3.5m
w3=420t/Kg=9m
w,=30t/Kg=1m
Load:
ws=980t/Kg=4.25m
We= 550t/ Kg=6m
w-,=700t/Kg=1m
wg=801t/Kg=12 m
KM=6.8 m G, M=? GG, ="

Final Moment about Keel

GiM=KM-KG; & KG;= Final Dispt
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Ship Stability

w Kg | Moment about Keel
+7000| 6 +42000
+980 [4.25 +4165
+550 | 6 +3300
+700 | 1 +700
+80 12 +960
-1300 | 4.5 -5850
-680 | 3.5 -2380
420 | 9 -3780
-30 1 -30
Total |+6880 +39085
KGy= 5 68 m

6880

G;M=6.8-5.68=1.12 m

GG;= KG—-KG;=6-5.68=0.32 m

5%&1/%&: A Ship has displacement 2000 tons and KG=4 m,

She loads 1500 tons of cargo (Kg= 6 m), 3500 tons of cargo
(Kg=5 m) and 1520 tons of bunker (Kg= 1 m), She discharged
2000 tons of cargo (Kg= 2.5 m) and consumed 900 tons of oil
fuel (Kg= 0.5 m). During the voyage, shift 120 tons of cargo
from Kg= 5.5 m to Kg= 2.2 m. Find the final KG on arrival at

the port of destination? (Operation is on (E)
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Ship Stability
Dispt= 2000t KG=4 m
Load:
w;= 1500t/ Kg=6m
w,=3500t/Kg=5m
ws= 1520t/ Kg=1m
Discharge:
w,=2000t/Kg=2.5m
ws=900t/Kg=0.5m
Shift:
wg= 120t/ from Kg=5.5 m to Kg=2.2 m
KG,=?

Final Moment about Keel

KG 1=

Final Dispt
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Ship Stability

w Kg | Moment about Keel
+2000| 4 +8000
+1500| 6 +9000
+3500| 5 +17500
+1520| 1 +1520
-2000 | 2.5 -5000

-900 | 0.5 -450
-120 | 5.5 -660
+120 | 2.2 +264
Total |+5620 +30174
KGy==—=537m

gm«/zﬁ&: A vessel of 2980 tons displacement has a constant

KM= 5.1 m & a present KG= 4.4 m, the vessel load 30 tons of
cargo on deck at KG= 7.5 m & then moves 80 tons of cargo
from tween deck KG= 4.1 m to lower hold KG= 1.8 m. All
weight being on center line, Calculate the final GM?

Dispt= 2980t KM=5.1m KG=4.4m
Load:

w;=30t/Kg=7.5m

Shift:
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Ship Stability
w,=801t/from Kg=4.1 mtoKg=1.8m

GlM:?

Final Moment about Keel

GlM= KM — KG]_ & KGl=

Final Dispt
w Kg | Moment about Keel
+2980| 4.4 +13112
+30 | 7.5 +225
+80 | 1.8 +144
-80 | 4.1 -328
Total | +3010 +13353
13353
KG,= 010 - 4.37 m

G;M=5.1-4.37=0.73 m

2W&: A Ship displacing 9000 tons, KG= 6 m, GM= 0.8 m,

loads following weights:

200t Kg=5m
100t Kg=4 m
400 t Kg=8 m

And discharges:
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Ship Stability
300t Kg=2m
Find vertical shift of G (GG;) and final GM?
(Operation is on (E )
Dispt= 9000 t KG=6m GM=0.8 m
Loaded:
w;=200t/Kg=5m
w,=100t/Kg=4m
w3=400t/ Kg=8 m
Discharged:
w,=300t/Kg=2m

GGlz? Gl|\/|:?

Final Moment about Keel

GGl= IKG— KGll & KGlz

Final Dispt
W Kg | Moment about Keel
+9000| 6 +54000
+200 | 5 +1000
+100 | 4 +400
+400 | 8 +3200
-300 | 2 -600
Total |+9400 +58000
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Ship Stability

58000
9400

KG,= =6.17m
GG;=6.17-6=0.17m
: G1M awlre s gl > ol
GIM=KM-KG; & KM=KG+GM=6+0.8=6.8m
GiM=6.8-6.17=0.63 m
$GIM dpuloe cap pg J> o
P Sl 48y M ey JB 59 50 g ol 005 KG ) i KG 52

G;M=GM -GG;=0.8-0.17=0.63 m

gmmﬁfe: A Ship displacing 8400 tons, KM= 7.2 m, GM= 0.7

m, loads following weights:

300t Kg=5m
250t Kg=4 m
Discharges:

150t Kg=1m
450 t Kg=1.7m
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Ship Stability

Find vertical shift of G & final GM, if a cargo shifted from Kg=
4.2 m to Kg=5 m with 200 t weight?

(Operation is on (t )

Dispt= 8400t KM=72m GM=0.7m
Loaded:

w;=300t/Kg=5m

w,= 250t/ Kg=4m

Discharged:

w3= 150t/ Kg=1m

w,=450t/Kg=1.7m

Shifted:

ws= 200t / from Kg=4.2 m to Kg=5 m
GG, =7 G M="?

GG;= |KG — KG,| & KG=KM-GM=7.2-0.7=6.5m

Final Moment about Keel

KGy= ) .
Final Dispt
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Ship Stability

w Kg | Moment about Keel
+8400| 6.5 +54600
+300 | 5 +1500
+250 | 4 +1000
-150 | 1 -150
-450 | 1.7 -765
-200 | 4.2 -840
+200 | 5 +1000
Total |+8350 +56345
KG= 222 674 m

8350
GG;=6.74-6.5=0.24 m

G;M=KM -KG;=7.2-6.74=0.46 m

gmmﬁfe: A Ship of 5000 tons displacement has KG= 4.5 m
& KM=5.3 m, the below cargo is loaded:

2000t Kg=3.7m
1000 t Kg=7.5m

Find how much deck cargo (Kg= 9 m) may now be loaded if
the ship is to sail with minimum GM of 0.3 m?

(Operation is on (t )
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Ship Stability
Dispt= 5000 t KG=45m KM=53m
Loaded:

w;=2000t/Kg=3.7m
w,=1000t/Kg=7.5m

ws=? /Kg=9m

GiM=0.3m
Gle KM — KGl
0.3=5.3 -KG;
Final Moment about Keel
KG1=5m & KGy= Final Dispt
W Kg | Moment about Keel
+5000 | 4.5 +22500
+2000 | 3.7 +7400
+1000 | 7.5 +7500
+W3 9 +9w;
Total | 8000+ws; 37400+9w;
_ 37400+9w3
~ 8000+w3

5 X (8000 + w3) = 37400 + 9w;
40000 + 5w3 = 37400 + 9w;
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Ship Stability
40000 — 37400 = 9w;3 — 5w;
2600 = 4w,

W3= 650t

gmmﬁfe: A Ship of 5500 tons displacement has KG= 5 m

and She proceed to load the following cargo:

1000 t Kg=6m
700 t Kg=4 m
300t Kg=5m

Then She discharge 200 tons of ballast Kg= 0.5 m, find how
much deck cargo (KG= 10 m) can be loaded so that the ship
may sail with a positive GM=0.3 m, the KM is 6.3 m

(Operation is on (E )

Dispt= 5500 t KG=5m KM=6.3m GiM=0.3m
Loaded:

w;=1000t/Kg=6m

w,=700t/Kg=4m

w3=300t/Kg=5m

wy,=? /Kg=10m
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Discharged:
ws=200t/Kg=0.5m

G;M= KM - KG;
0.3=6.3 - KG;
KGl= 6m & KG1= Final M;ir::;:ltmc;bout Keel
pt
w Kg | Moment about Keel
+5500 5 +27500
+1000 6 +6000
+700 4 +2800
+300 5 +1500
+Wy 10 +1OW4
-200 0.5 -100
Total | +7300+w, 37700+10w,
6 = 37700+10w4
"~ 7300+w4

6 X (7300 + wy) = 37700 + 10w,
43800 + 6w, = 37700 + 10w,
43800 —-37700 = 10w, — bwy,
6100 = 4w,
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Ship Stability

Wy= 1525t

5%«44&: A Ship of 2980 tons displacement has KG= 4 m,
KM= 5.5 m and She proceed to load the following cargo:

80t Kg=5m
500t Kg=3 m
200t Kg=4 m

Then She discharges 150 tons of ballast Kg= 0.4 m, find how
much deck cargo of Kg= 7 m can be loaded so that the ship
may sail with positive GM of 0.5 m. (Operation is on (t)

Dispt= 2980 t KG=4 m KM=55m GM=0.5m
Loaded:

w;=80t/Kg=5m

w,=5001t/Kg=3m

w3=200t/Kg=4m

w,=" /Kg=7m

Discharged:

ws= 150t/ Kg=0.4 m
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Ship Stability

G{M= KM - KG;
0.5=5.5-KG;
KG1= 5m & KGl= Final M;ZZZ7tDZbout Keel
pt
w Kg | Moment about Keel
+2980 4 +11920
+80 5 +400
+500 3 +1500
+200 4 +800
+Wy 7 +7W4
-150 0.4 -60
Total |+36100+w, +14560+7w,
_ 14560 +7w4
"~ 3610+w4

5X (3610 + wy) = 14560 + 7w,
18050 + 5w, = 14560 + 7w,
18050 — 14560 = 7w, — 5wy
3490 = 2w,

w,=1745t
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Ship Stability

gm«/tﬁfe: A Ship has light displacement 2800 tons and light

KM= 6.7 m, She loads 400 tons of cargo (Kg= 6 m) and 700
tons of cargo (Kg= 4.5 m). The Kg is then found to be 5.3 m.

Find the light GM? (Operation is on (t )
Dispt= 2800 t KM=6.7m KG;=5.3m
Loading:

w;=400t/Kg=6m

w,=700t/Kg=4.5m

GM=?

Final Moment about Keel

GM=KM-KG; & KG;=

Final Dispt
W Kg | Moment about Keel
+2800 KG +2800KG
+400 6 +2400
+700 4.5 +3150
Total +3900 5550+2800KG
c3-= 5550 +2800KG
3900

5.3 X 3900 = 5550 + 2800KG
20670 — 5550 = 2800KG
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Ship Stability

15120
K —_ —_
G 2800

GM=6.7-54=13m

54 m

5%«44&: A Ship’s displacement is 4500 tons and KG=5 m,
KM= 6.6 m, the following cargo is loaded:

450 t Kg=7.5m
120t Kg=6 m
650 t Kg=3m

Find how long far from the keel, a cargo of 555 tons must be
loaded so that, the ship sail with minimum GM= 0.6 m

(Operation is on(t )

Dispt= 4500 t KG=5m G1M=0.6m KM=6.6 m
Loaded:

w;=450t/Kg=7.5m

w,=120t/Kg=6m

w3= 650t/ Kg=3m

w,= 555t / Kg="?

KG1= KM — G]_M= 6.6—-0.6=6m
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Ship Stability

Final Moment about Keel

KGy= Final Dispt
w Kg | Moment about Keel
+4500 5 +22500
+450 7.5 +3375
+120 6 +720
+650 3 +1950
+555 Kg +555Kg
Total +6275 +28545+555Kg
6= 28545 +555Kg
6275

6 X 6275 = 28545 + 555Kg
37650 — 28545 = 555Kg

9105
Kg= E_ 16.4 m
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Ship Stability

: (Box — Shaped V/L) JSis ol asms slo 8 (6l ()

D B?
KB=— BM= KM= KB + BM
2 12%xD
oM
| . G L
e ; . g
&/

gxmuﬁée: A box shaped vessel has draft= 4 m and

dimension is 20 X 15 X 6 m, floating in salt water, find KB,
BM and KM?

D=4m L=20m B=15m H=6m p,,=1.025 %

KB="? BM=? KM=?

B2 152 225
=4.7m

BM-= = =
12xD 12x4 48

KM=KB+BM=2+4.7=6.7m
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Ship Stability

5%«44&: A box shaped vessel is 24 X 5 X 5 m and floats on

an even keel at 2 m draft, KG= 1.5 m. Calculate the initial
Meta centric height?

=24 m B=0m H=5m D=2m
KG=15m GM=?

GM=KM-KG & KM=KB+BM

KB=2=2%2-1m
2 2

B2 52 25
BM-= = =—=1.04m
12xD  12x2 24

KM=1+1.04=2.04m
GM=2.04-15=0.54m

Example: A box shaped vessel 75 long, 12 m beam and 7 m

deep is floating on an even keel @ 6 m draft, calculate KM?
L=75m B=12m H=7m D=6m
KM=?
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Ship Stability

KM= KB + BM

KB=2=%-3m
2 2

_ B* 122 144
T 12xD  12x6 72

BM =2m

KM=3+2=5m

gxamﬁée: A box shaped vessel L= 70 m, B= 13m, Draft=6 m

on an even keel, density= 1.025 # and FWA=5 cm, find TPC
and KM?

=70 m B=13m  D=6m p=1.025#
FWA= 5 cm= 50 mm TPC=? KM=?
TPC=22PY & Dispt= L XB XD X

T AXFWA ISpt= P
Dispt = 70 X 13 X 6 X 1.025= 5596.5 t

5596.5

TPC= T 27.98 tons
KM= KB + BM
KB=2=2=3m

2 2

B2 132 169
= = = =2.347 m
12xD  12%X6 72
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Ship Stability

KM=3+2.347=5.347 m

5%«44&: A box shaped vessel L= 60 m, B= 10m, Draft=5m

on an even keel, density= 1015 Kg per Cu.m and FWA= 40
mm, find TPC and KM?

L=60 m B=10m  D=5m p:1.015#
FWA= 40 mm TPC=? KM=?
Dispt .
TPC= &  Dispt=LXBXDXp
4xFWA
Dispt = 60 X 10 X 5 X 1.015= 3045 t
TPC= 2% _ 19.03 tons
4x40
KM= KB + BM

D 5
KB—E—E—Z.Sm

B2 102 100
= = = =1.66m
12xD  12%X5 60

KM=2.5+1.66=4.16 m

BM
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Ship Stability

(Triangular Shaped S (gjgiio b tlte (slo i8S <l (W)

: Prism V/L)
2
KB= 22 BM= —— KM= KB + BM
3 6XD
D= Draft B= ol ol b o,e

gmmﬁfe: A vessel is in the form of triangular prism 32 m

long, 8 m wide at top and 5 m deep, KG= 3.7 m. Find the
initial Meta centric height when floating on an even keel at 4
m draft F & A.

[=32m B=8m H=5m KG=3.7m

GM=? D=4 m

8m

A
v

3.7m
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Ship Stability

GM= KM = KG
KM= KB + BM
KB=2X2 _2X% _ 5 66 'm
3 3
2
BM:B_
6XD

1 g w8 dlors |l L oS ol ol ol ks (200 B 598 Jge 8 5

B=2XPQ

A A XY XP 5 4
XYZ&XPQ ===> E=£ === > Z:%
PQ=""=32m

B=2X3.2=6.4m

2
BM=2% =17 m
6 X4

KM=266+1.7=4.36m
GM=4.36-3.7=0.66 m

gmmﬁfe: A vessel in form of triangular prism, 45 m long,

C,=0.7, KG= 4 m, find initial Meta centric height when
floating in draft= 3 m with water plane area= 200 m?

=45 m Cw=0.7 KG=4m GM=?
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Ship Stability

D=3 m WPA= 200 m?
GM= KM — KG
KM= KB + BM
2xXD  2X%3
KB= > =3 < 2m
2
BM= ——
6XxD

WPA=C, XBXL
200=0.7 XB X 45

B 200 200
"~ 0.7x45  31.5

=6.35m

_(6.35)% _40.32

BM 6X%3 18

=2.24m

KM=2 +2.24=424 m
GM=4.24-4=0.24 m

gmmﬁfe: A vessel in form of triangular prism 80 m long, 15

m wide and 6.5 m deep has KG= 5.2 m. Find initial Meta
centric height when floating on an even keel at 5 m draft.
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Ship Stability
=80 m B=15m H=6.5m

GM="? D=5m

15m

A

KG=5.2 m

v

52m

GM= KM - KG
KM= KB + BM

2><D_2><
3 3

B=2XPQ

A A
XYZ & XPQ ===> ‘r=2o

KB= >-33m

YZ PQ
5x7.5
6.5

B=2X5.7=114m

PQ=

=5.7m
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Ship Stability

_11.42
~ 6X%5

KM=3.3+4.33=7.63m

BM =4.33m

GM=7.63-5.2=2.43 m

gxamﬁée: Compare the initial Meta centric height of two

barge, each 60 m long, 10 m beam at the water line, 6 m
deep, floating upright on an even keel at 3 m draft and
having KG= 3 m. One barge is in the form of rectangular
prism and the other is in form of a triangular prism, floating
apex downwards.

=60 m B=10 m (@water line) H=6m

KG=5.2m D=3m GM,="? GM_=?

GMg = KM, — KG,
KM= KB, + BM

KB.=2=2-15m
2 2

B2 102
= =2.77 m
12xD  12%3

KM,=15+2.77=4.27 m

BM =

GM=4.27-3=1.27 m

Page 96



Ship Stability

GMA= KMA— KGA
KI\/'A= KBA + BMA

KB,= 2xD _ 2X3 _ 5 m
3 3
B2 102
BM = D " ex3 5.55m

KBp=2 +5.55=7.55'm
GMp=7.55-3=4.55m

. cwl Rectangular ¢la S 5l s Triangular gla oS 5 GM

: (Moment of Statical Stability) st Jobs gbuis aml>
: 150 o heel Jlos 10° b o8 dygly 5 45 i a5 olKin s (il
(Angel of heel < 10°)
Moment of statical stability= Dispt X GZ= Dispt X GM X Sin ©
0= Angel of heel
s 150 oas heel )las 10° 51 iy 4l5 6 o 1S & lSia o (o
(Angel of heel > 10°)

Moment of statical stability= Dispt X GZ=
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Ship Stability

Dispt X (GM + 0.5 X BM X tan? ) X Sin 6

gmmfe: A Ship of 4000 tons displacement has KG= 5.5 m

and KM= 6 m, calculate the moment of statical stability
when heeled 5 degrees.

Dispt= 4000 t KG=55m KM=6m 0=5°

Moment of statical stability="

GM=KM -KG=6-5.5=0.5m
Moment of St. St. = Dispt x GM x Sin 6=4000 x 0.5 x Sin 5°

Moment of St. St. =174 t.m

2mmﬁfe: A Ship of 10000 tons displacement has GM=0.5 m
calculates the moment of statical stability when ship is

heeled 7% degrees.

Dispt= 100000t GM=0.5m Moment of statical stability="?

0=7.75°

Moment of St. St. = Dispt x GM x Sin 6
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Moment of St. St. = 10000 x 0.5 x Sin 7.75°=674.25 t.m

Example: A Box shaped vessel 65m x 12m x 8m has KG 4m,

and is floating in salt water upright on an even keel at 4m
draft F&A. Calculate the moments of statical stability at:

a)5 degrees
b)25 degrees heel.

L=65m B=12m H=8m KG=4m
p=1.025 % D=4m moment of St. St. =?
m
a)B=>5°

Moment of St. St. = Dispt x GM x Sin ©
Dispt=LxBxDxp=65x12x4 x1.025=3198 1
GM= KM - KG

KM= KB + BM

KB=2 =12

=2m
2 2

_ B 122
T 12xD 12x4

KM=2+3=5m

Page 99



Ship Stability
Moment of St. St. =3198 x 1 x Sin 5°= 3198 x 0.087
Moment of St. St. =278.72 t.m
a)B=25°
Moment of St. St. = Dispt x (GM+0.5xBMxtan? 6) x Sin 6
Moment of St. St. =3198 x (1+0.5x3x0.217) x 0.423
Moment of St. St. =1792.39 t.m

gmmﬁée: When a ship of 12000 tons displacement is heeled

1 . e
65 degrees, the moment of statical stability is 600 tons

meter, calculate the initial Meta centric height?
Dispt= 1200t 0=6.5° moment of St. St. =600 t.m

GM=?

Moment of St. St. = Dispt x GM x Sin 0
600 = 12000 x GM x Sin 6.5°
600 = 1356 x GM

M =>2 _0.442 m
1356
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gm«/tﬁfe: When a ship of 12000 tons displacement is heeled

1 . e
SZ degrees, the moment of statical stability is 300 tons

meter, if KG= 7.5m, find the height of the Meta center above
the keel?

Dispt= 1200t 0= 5.25° moment of St. St. =300 t.m
KG=7.5m KM=?

KM = KG + GM

Moment of St. St. = Dispt x GM x Sin 6
300 = 12000 x GM x Sin 5.25°

300 = 12000 x GM x 0.091

300 = 1092 x GM

300
GM = Toos = 0.274 m

KM=75+0.274=7.774 m

gmwﬁfe: When a ship of 10000 tons displacement is heeled

9 degrees, the righting lever is 0.2m, KM= 6.8m, find the KG
and the moment of statical stability?

Dispt=10000t ©6=9° GZ=0.2m KM=6.8m
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KM="? Moment of St. St. =7

Moment of St. St. = Dispt x GZ = 10000 x 0.2= 2000 t.m
KG= KM — KG

Moment of St. St. = Dispt x GM x Sin ©

2000 = 10000 x GM x Sin 9°

2000 = 10000 x 0.156 x GM

2000 = 1560 x GM

2000
GM = % =1.28 m

KG=6.8—-1.28=5.52 m

gxmuﬁée: A Ship of 10000 tons displacement has KG= 5.5m

KB= 2.8m and BM= 3m, calculate the moment of statical
stability at:

a)5 degrees of heel
b)25 degrees of heel

Dispt=10000t KG=5.5m KB=2.8m BM=3m

Moment of St. St. =7
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a)B6="5°
Moment of St. St. = Dispt x GM x Sin 6
GM= KM —-KG
KM=KB +BM=2.8+3=5.8m
GM=5.8-5.5=0.3m
Moment of St. St. = 10000 x 0.3 x Sin 5°
Moment of St. St. = 3000 x Sin 5°= 3000 x 0.087
Moment of St. St. =261 t.m
b)B=25°
Moment of St. St. = Dispt x (GM+0.5xBMxtan? ) x Sin 6
Moment of St. St. = 10000 x (0.3+0.5x3xtan? 25°) x Sin 25°
Moment of St. St. = 10000 x (0.3+1.5 x(0.466)?%) x 0.422
Moment of St. St. = 10000 x (0.3+1.5x0.217) x 0.422
Moment of St. St. = 10000 x 0.625 x 0.422

Moment of St. St. =2637.5t.m
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: (Liquid free surface effect) wlub o)l maw 50

) slagy Jo (S aSlej sl JB L el Clale 5 &7 ol
o (5S> %o Cunl p MalS 550 19,0 mle &S0l cdn 3,5 &5 (heel)

Ll o0d 292 g (1S B S0 )3 6y gt cnlpl AL 4z Wl

&l ol jl 6slie g (S 0 &8 P 53 Bk desd (e So ASlej (g
&S Do oo el Wlod o €S Holids 0l &S Coww Bylay 0 &S Callo Cuouw
Lol )l J& 55 50 caled )3 9 33,5 a8l oad &' Gy (5% (4900 (1j9 5l ()Mo
S M 48 508 Lo el 5 0u0)S buls YU Gyl ¢ 2 o 8 G las o0
Slasle Sl31 dams S1 1 &S oy o 4l 4 ol b GRS (5loe &g

poed hals yglis 5 1) 51 el Sl g0 )3 b g Wb (0 RS iS GM

G 0920 b (g0 e 4 o5 o Slalo o] s 53U el ) sl )
33,5 1S Slal o131 pdaw 1 48 395 o0

o el 5 Jgoyd gy Slalo Sljl o il 5y (285 GM (gjle 20l s
33,5

LxB3xp1
12XV Xp2xn?

Virtual Loss of GM=
L=SbL o ok
B=Sbl e po)e

P1= S L 55 9y wle JB
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P2= i s ol J&s
V=(wfu)shwyoMbobuToMJlaw‘w?o)wf@])))W

N = Job sld jlad lwgi S5 00k il (sl 5500 3

B = Buoyancy

A

v

W = weight

2%@%&: A Ship of 6000 tons displacement floating in salt

water has a double bottom tank 20 x 12 x 2 m which is
divided at the center line and is partially filled with oil of
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relative density 0.82 find the virtual loss of Meta centric
height?

Dispt= 6000t  p,= 1.025 # Ly=20m  Bpe= 12m

Hre=2m n=2 RD,;=0.82 Virtual Loss of GM="

: LxB3xp1
Virtual Loss of GM= ————2 z
12XV Xp2Xn
_ piol
RDoiI_ ofw
Poil = RDoiI X Ptw

001=0.82x1=0.82 #

_m _ 6000 _ 3
V= T 1oz =5853.65m

20x123x0.82 28339.2

Virtual Loss of GM= -
tual Loss of G 12x5853.65%1.025%22  287999.58

Virtual Loss of GM= 0.0984 m

2W&: A Ship of 6000 tons displacement is floating in

fresh water and has a deep tank 10 x 15 x 6 m which is
undivided and is partially filled with oil of relative density
0.92 find the virtual loss of GM due to the free surface?
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DiSpt= 6000 t Po= 1 # I—TK= 10m BTK= 15m

Hrc= 6m n=1 RD,;=0.92 Virtual Loss of GM=?

: LxB3xp1
Virtual Loss of GM= ————~ z
12XV Xp2Xn
_ piol
RDoiI_ ofw
Poil = RDoiI X Pfw

pw=092x1=oezig

m _ 6000
V=—=——=6000m>

p 1
10x153x0.92 _ 31050

12x6000x1x12 ~ 72000

Virtual Loss of GM=

Virtual Loss of GM=0.43125 m

5%«4%5@: A Ship of 10000 tons displacement is floating in

dock water of density 1024 Kg per Cu.m and is carrying oil of
relative density 0.84 in double bottom tank; the tank is 25m
long, 15m wide and is divided at the center line. Find the
virtual loss of GM due to this tank being slack?

Dispt= 10000t  p,=1.024 # RD,;= 0.84

Ltxk= 25m Br¢= 15m n=2 Virtual Loss of GM=?
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: LxB3xp1
Virtual Loss of GM= ————2 z
12XV Xp2Xn
_ piol
RDoW‘hW
Poil = RDoil X Psw

pw=084x1=084i§

m 10000
v=C=

— 3
T o2z - 9765.62m

25%153x0.84 _ 70875
12%9765.62x1.024%22 ~ 479999.76

Virtual Loss of GM=0.147 m

Virtual Loss of GM=

5%&1/%&: A Ship of 8153.75 tons displacement has KG=

7.5m & KM= 8m and has a double bottom tank 15x10x2 m,
which is full of salt water ballast. Find the new GM if this
tank is now pumped out till half empty?

Dispt=8153.75 1 KM= 8m KG=7.5m L= 15m

Br=10m  Hrp= 2m pfph:1025ig n=1
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GMneW:? M '
4 )
6 @
G, eI G1Gy
| edl=
7.5m & .t 0.5m
‘V\ ‘ /
GMen= GM — GG, — G4G, K

GM=KM-KG=8-75=0.5m

wXd
GG, = SOl s 55 g &
1 Dispt —w et

d=GUoA&4¢l5dg]p2:>}§)n4Lol§

8m

Dispt .. i o= V= LXB X Hyy = 15x 10 x 1 = 150 m?

_m
P=7
1.025 = —

150

m=w =150x1.025 =153.75 tons
d=KG-Kg=75-(1+0.5)=6m

153.75%6 _153.75X%6

GG, = = =0.115m
17 8153.75-153.75 8000
. LxB3xp1
= Virtual Loss of GM=
G4G, tual Loss of G T2xV xp2xn
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m _ 8153.75

T = —= = 3
Vi, =5 =0 = 7954.67m

15x103x1.025 15375
12x7954.67x1.025x12 97842 .441

GG, = Virtual Loss of GM=0.157 m

G,G, = Virtual Loss of GM=

GMpew=0.5-0.115-0.157=0.228 m

gxamﬁée: A Ship of 8000 tons displacement has KG= 3.75m

& KM= 5.5m a double bottom tank 16x16x1 m is subdivided
at center line and is full of salt water ballast. Find the new
GM if this tank is pumped out until it is half empty?

Dispt= 8000 t KG=3.75m KM= 5.5m

Lrx= 16m Br¢=16m  Hpe=1m p1= p>=1.025 %

n: 2 GMneW:? M ’ A
G @
G, QI G1Gy 5.5m
: GG
N G @ '
375 m g Qt 0.25m
V\ . / "I 0.5m

GMneW= GM - GGl - GlGV
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GM=KM-KG=55-3.75=1.75m

wXd

(5(51’=

LS G a5 s 4
Dispt —w - t

A= G b o1 a5 Ul aoes 55 e alsls

Dispt ... i o= V= LXB X H, =16 X 0.5 x 16 = 128 m®
m
P=7

m
1.025 = T8

m=w=1.025x128 =131.2 tons
d=KG - Kg=3.75-(0.5+0.25)=3 m

131.2%3 393.6

GGy 8000—131.2 - 7868.8 =0.050m

. LxB3xp1
G,G, = Virtual Loss of GM= P z
12XV Xp2Xn
m 8000
V,, =—=——=7804.87 m>
2 p  1.025
16x163%1.025 67174 .4

G;G, = Virtual Loss of GM= =
12x7804.87%x1.025x24  383999.604

GG, = Virtual Loss of GM=0.174 m
GM; o= 1.75-0.050-0.174 =1.526 m
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gm«/tﬁfe: A Ship of 7000 tons displacement has KM= 6.4m

& KG= 5m and has a double bottom tank 20x12x4 m, find
the new GM if this tank is now pumped in till half full by
water of density 1015 Kg per Cu.m?

Dispt= 7000 t KM= 6.4m KG=5m

LTK: zom BTK: 12m HTK: 4m p].: p2: 1'015 %

=1 GMpey=? v o )
4 )
A G ‘ GGl 6.4m
Gy GI
5m Gy QI G1Gy
NI

GMpew= GM + GG; — G;G,
GM=KM-KG=64-5=14m

wXd
GG, = C SOl s A S b
1 Dispt +w A

W= osd ol o
(i==(3 by oAib)igTJ > }f)p alols

Dispt .. i o= V= LX B X Hy o =20 x 12 x 2 = 480 m?
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-
P=y

m
1.015 = 280

m=w = 1.015 x 480 = 487.2 tons
d=KG—Kg=5-1=4m

487.2x4  1948.8
= = =0.2
GG, 7000+487.2  7487.2 0.260m

) LxB3xp1
G,G, = Virtual Loss of GM= a z
12XV Xp2Xxn
m 7000
V, =—=—""-=6896.55m3
ST 5 T 1015
20%123%1.015 35078.4

G,G, = Virtual Loss of GM= -
1=V 12%6896.55%1.015x12  83999.979

G,G, = Virtual Loss of GM=0.417 m

GMpew=1.4+0.260-0.417=1.243 m

5%&1/%&: A Vessel of 20000 tons displacement KG= 8.20m

KM= 8.7m floats in salt water, there is slack water in a
ballast tank measuring 30m long and 10m wide, calculate
GM allowing for FSE.

Dispt=20000t KG=8.2m KM=8.7m p;=p,=1.025 %

I
[HEY

LTK: 30m BTK: 10m GMneW:? n
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8.7m

M4’ y
C )
A G é
8.2m '
N
K
GMpew= GM - GGy
GM=KM -KG=8.7-8.2=0.5m
W\ _ LxB3xp1
GGy = Virtual Loss of GM= 12XV xp2xnZ
V= 2= - 19512.19 m?

257 5 T 1.025

30x103%1.025

GGy = Virtual Loss of GM=

GGy=0.128 m
GMpew=0.5-0.128=0.372 m

5%&1/%&: A Ship of 6000 tons displacement has KG= 4m and
KM= 4.5m, a double bottom tank in the ship 20m long, 10m

Page
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wide is partially fill of salt water ballast, find the moment of
statical stability when the ship is heeled 5 degrees?

(Answer=112.580 t.m)

Dispt= 6000 t KG=4m KM=45m L=20m

Brx= 10m p1= po=1. 025 — moment of St. St. =7?

Moment of St. St. = Dispt x GM e,y X Sin 0
GM, = GM - GGy,
GM=KM -KG=4.5-4=0.5m

LxB3xp1
GGy = Virtual Loss of GM= - >
12XV Xp2Xn
m _ 6000
V, =—=——=5853.66m>
ST T 1.025
20x103x1.025 20500

GGy = Virtual Loss of GM= =
12%5853.66x1.025%x12  72000.018

GGy=0.28 m

GMpew=0.5-0.28=0.22 m

Moment of St. St. = 6000 x 0.22 x Sin 5° = 1320 x 0.087
Moment of St. St. =114.84 t.m
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Sy bl pSin > (i

T
G é“§§i G,

!: __1 ..............

|/

0 = Angel of list

GG1

tan 0 = W D ol 4zl 1) B aygl; aSpolSin
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b A b a
X
a0 I
W L W
pp— . ‘ ........ ° 6. pp— —
- - /
K : v
w v

gxamﬁée: A Ship of 6000 tons displacement has KM= 7.3m

and KG= 6.7m and is floating upright. A weight of 60 tons
already on board is shifted 12m transversely. Find the
resultant list?

Dispt= 6000 t KM=7.3m KG=6.7/m  w=60t

d=12m 0 ="

GG1

a1
6=tan™! (t2)
wXd 60x12
GGy= Dispt _ 6000 0.12m

GM=KM -KG=7.3-6.7=0.6 m
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0.12
0 =tan"! (o) = tan~1(0.2)

0=11.3°

gm«/tﬁfe: A Ship of 2800 tons displacement has KM= 7m

and KG= 5.9m and is floating upright. A weight of 50 tons
already on board is shifted 8m transversely. Find the
resultant list?

Dispt= 2800t KM= 7m KG=59m  w=50t
d=8m 0="?

GG1
GM
_wxd _ 50x8
" Dispt 2800

6 =tan"!(

GG1 =0.14 m

GM=KM —KG=7—-5.9= 1.1 m
6 =tan™'(3=) = tan~1(0.127)

0=07.2°

gmmfe: A Ship of 1500 tons displacement has KB= 2.1m
KG=2.7m and KM= 3.1m and is floating upright in salt water.
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Find the list if a weight of 10 tons is shifted transversely
across the deck through a distance of 10 meters?

Dispt= 1500 t KB=2.1m KG=2.7m KM=3.1m

p=1.025—  6=? w=10t  d=10m
m
1,661
0 =tan (—GM)
wxd 10x10
GGy= Dispt ~ 1500 0.066 m

GM=KM -KG=3.1-2.7=04m
6 =tan”! (=) = tan~1(0.165)

0 =09.3°

gxamﬁée: A Ship of 4515 tons displacement is upright and

has KG=5.4m and KM= 5.8m, it is required to list the ship 2
degrees to starboard and a weight of 15 tons is to be shifted
transversely for this purpose. Find the distance through
which it must be shifted?

Dispt=4515t KG=54m KM=5.8m 0=2°

w= 151 d=?
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GG1
tan 6 =—
GM

GM=KM -KG=5.8-5.4=04m

., GG1
tan 2° =—
0.4

GG;=0.4xtan 2°=0.4x0.034 =0.0136 m

wXd
(3(51=: ;
Dispt

15xd
4515

15xd = 4515 x 0.0136

0.0136 =

15xd=61.404

_ 61.404

d 15

=4.09m

gmmﬁfe: A weight of 12 tons when moved transversely

across the deck through a distance of 12m, causes a ship of
4000 tons displacement to list 3.8 degrees to starboard if
KM= 6m, find the KG?

w= 12 t d=12m Dispt=4000t  ©=3.8°
KM=6m  KG=?
KG= KM - GM
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GG1
tan 6 =—
GM
wxd 12x12 144
GG=——= = =0.036m
Dispt 4000 4000
o 0.036
tan (3.8°) =——
GM

GM =0.036 x tan (3.8°) =0.036 x 0.066=0.545 m
KG=6-0.545=5.455m

gmmﬁfe: A Ship of 8000 tons displacement has GM= 0.5m,

a quantity of grains in the hold estimated at 80 tons shifts
and as a result, the center of gravity of this grains move
6.1m horizontally and 1.5m vertically. Find the resultant list?

Dispt= 8000 t GM=0.5m w=80t dy=6.1m
d\/: 1.5m 0 ="
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XG2
CE tan_l(

)
XG,=GG; & XG=G,G,
XM= GM - GX= GM - G,G,

o)

wxdH 80x6.1 _ 488
GGy =—= =0.061 m
Dispt 8000 8000

GG1
CE tan_l(

wXxdV 80x1.5 180
GGy =———= = =0.015m
Dispt 8000 8000

XM=0.5-0.015=0.485m

_ -1 gﬁ}; _ —1,0.061, -1
=tan (XM) =tan (—0.485) =tan™ ~(0.125)

0=7.12°

gm«/zﬁ&: A quantity of grain estimated at 100 tons shifts

10m horizontally and 1.5m vertically in a ship of 9000 tons
displacement, if the ship’s original GM was 0.5m, find the
resulting list?

w= 100t dy=10m dy=1.5m Dispt= 9000 t
GM=0.5m ©6-="?
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XG2

_tan—1XG2
0 =tan (XM)

XM= GM - GX=GM - Gle

wxdV _1000x1.5 _ 1500

G1G, = Dispt 9000 9000 0.016 m
XM=0.5-0.016=0.484 m

XG2= GGl

GG, = wxdH _ 100x10 _ 1000 _ o000

"~ Dispt 9000 9000
1,661y g 0111, 4
0 =tan (XM) =tan (—0.484) =tan™ " (0.229)

0=12.89°

2%@%&: A Ship of 6500 tons displacement is floating
upright and has GM= 0.15m, a weight of 50 tons already
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onboard is moved 1.5 vertically downwards and 5m
transversely to starboard. Find the list?

Dispt= 6500 t GM=0.15m w=50t dy=1.5m

dy=5m (STBD) ="
-
SR
c @
w Y L
—— Gy Q—G G, —
Kgl . 8 /
. _1,61G2
0 =tan (_GIM)
2
GG, = w?(de 50x5 _ 50 - 0.038 m
Dispt 6500 6500
Gle GM + GGl
wXxdV 50x1.5 75
GG, = Dispt 6500 6500 0.011m

G;M =0.15+0.011=0.161 m

CE tan_l(%) =tan~1(0.236)
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0=13.27°To STBD

L g (5l s 3l am Galises (gla)l b )b (ol LISt gy )0l comsy (o
P obul

G;M= KM - KG,

Final moment about keel

|<(51=:

final dispt

Final moment about center line

(3(51=:

final dispt

5%«44&: A Ship of 8000 tons displacement has KM= 8.7m

and KG= 7.6m, the following weight are then loaded and
discharged:

Load:

250 tons cargo Kg= 6.1m and center of gravity 7.6m to
starboard of the center line.

300 tons fuel oil Kg= 0.6m and center of gravity 6.1m to port
of the center line.

Discharge:

50 tons of ballast Kg= 1.2m and center of gravity 4.6m to
port of the center line.
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Find the final list?

Dispt= 8000 t KM=8.7m KG=7.6m
Load:
w=250t / Kg=6Im / 7.6mSTBDof
w,=300t / Kg=0.6m / 6.1m port of q;
Discharge:
ws=50t / Kg=12m / 4.6m port of ¢
0="
= tan~! (&L
0 =tan (GlM
G,M= KM - KG,4
Final moment about keel
KGy= final dispt
w Kg | Moment about Keel
+8000 7.6 +60800
+250 6.1 +1525
+300 0.6 +180
-50 1.2 -60
Total +8500 +62445
KGi= 2222 = 734 m

8500
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GM=8.7-7.34=1.36m

Moment about CL
W g CL
To port | ToSTBD
250 7.6 -- 1900
300 0.6 1830 -
50 4.6 -~ 230
Total | 1830 | 2130 |

Final moment about center line _2130—1830 _ 300

GG.= =
1 final dispt 8500 8500

GG,=0.035 m
6 =tan~!(T22) = tan~"(0.025)

0 =1.43°to STBD

5%&1/%&: A Ship of 5600 tons displacement has KG=4.5m,

KM= 6.8m, find the final list if the following cargos load,
discharge and shift:

Load:

A cargo of 280 tons Kg= 3m and 3.5m starboard of (t

Discharge:
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A cargo of 400 tons Kg= 5m and 6m starboard of (t
A cargo of 150 tons Kg=1.5m and 5m port of (t
Shift:

A cargo of 200 tons with Kg= 1.8m to Kg= 4m during a
distance of 5m to port side.

Dispt= 5600 t KG=4.5m KM=6.8m ©06="
Load:

w;=280t / Kg=3m /  3.5m STBD of ¢

Discharge:

w,=400t / Kg=5m /  6m STBD of ¢
ws=150t / Kg=1.5m /  5m port of (t
Shift:

w,=200t / Kg=1.8mtoKg=4m /5m port of (t

GG1
GIM)

G;M= KM - KG,

6 =tan"!(

Final moment about keel

|<(51=:

final dispt
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w Kg | Moment about Keel
+5600 4.5 +25200
+280 3 +8400
-400 5 -2000
-150 1.5 -225
-200 1.8 -360
+200 4 +800
Total +5330 +24255
KGy==—2=4.55m

G;M=6.8-4.55=2.25m

Moment about CL
Y g CL
To port | ToSTBD
280 3.5 -- 980
400 6 2400 --
150 5 -- 750
200 5 1000 --
Total 3400 1730

GG.= Final moment about center line _3400—-1730 _ 1670
= final dispt T 5330 5330

GG;=0.313 m
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Ship Stability

CE tan_l(%) =tan~1(0.139)

0 =7.91° to port side.

gmmfe: A Ship of 6000 tons displacement has KG=4.5m,

KM= 5.8m and listed 6 degrees to STBD, find final list if the
following cargos load, discharge & shift:

Load:

A cargo of 200 tons Kg= 2m and 3m starboard of (t
Discharge:

A cargo of 250 tons Kg= 2.5m and 6.5m starboard of (t
Shift:

A cargo of 150 tons Kg= 3m to Kg= 4m during a distance of
8m to port side.

Find the final list?

Dispt= 6000 t KG=4.5m KM=5.8m 6;=6°toSTBD
Load:

w;=200t / Kg=2m /  3m STBD of d;
Discharge:

w,=250t / Kg=2.5m /  6.5m STBD of d;
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Ship Stability
Shift:

w3=150t / Kg=3mtoKg=4m / 8m port of d;

GG1

— —127-
0 =tan (GlM)
(3]J\4==|(T\4 "I((Sl

Final moment about keel
KGF ; ;
final dispt

w Kg | Moment about Keel
+6000 4.5 +27000
+200 2 +400
-250 2.5 -625
-150 3 -450
+150 4 +600
Total +5950 +26925
KGy==—>=4.25 m

GiM=5.8-4.25=1.28 m
Joi 53 35 1) (S adgl ojg b sl o List by bl > (a8 568 52
S 85 58 o dlold wb yebate opl gl omles 3)lg Center Line Jgs joliss

i b 6 4 wuiS 4wl |y Center Line b

GG1
tan01=—

GM
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Ship Stability

GM=KM -KG=5.8-4.5=1.3m

GG1
tan 6°=
13

GG,=1.3 xtan6°=1.3x0.105=0.136 m

Moment about CL
W g CL
Toport | ToSTBD
6000 |0.136 - 816
200 3 -- 600
250 6.5 1625 --
150 8 | 1200 - |
Total | 2825 | 1416 |
GG1= Final momerft abolut center line _ 2825—-1416 _ 1409
final dispt 5950 5950
GG;=0.236m

tan~! (222) = tan~1(0.189)

0 =10.42° to port side.

2“%@&: A Ship of 5000 tons displacement has KG= 4.2m,

KM= 4.5m and is listed 5 degrees to port, assuming that the
KM remains constant, find the final list if 80 tons of bunkers
are loaded in No.2 starboard tank whose center of gravity is
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1 meter above the keel and 4 meters out from the center
line.

Dispt= 5000 t KG=4.2m KM=4.5m ©6;=5°to port
Load:

w,=80t / Kg=1m /  4m STBD of d;

e
0 =tan (GlM)
(S]J\4=:I<pVI"I<(51
Final moment about keel
KGy= final dispt
W Kg | Moment about Keel
+5000 4.2 +21000
+80 1 +80

Total +5080 +21080

KG;= 290 _ 414 m

5080

GiM=4.5-4.14=0.36m

GG1

tan01=—
GM

GM=KM -KG=4.5-4.2=0.3 m
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GG1
tan 5°= —
0.3

GG;= 0.3 xtan 5° = 1.3 x 0.087=0.026 m

Moment about CL
To port | ToSTBD
5000 |0.026'| 130 -

Y g CL

80 4 - 320
Total 130 320
GG.= Final moment about center line _320—130 _ 190
g final dispt ~ 75080 5080
GG;=0.037 m

6 =tan”! (==0) = tan~1(0.102)

0 =05.8°to STBD

. . - 1
5%&»%& A Ship of 9500 tons displacement is listed 37

degrees to STBD and has KM= 9.5m and KG= 9.3m, She loads
300 tons of bunkers in No.3 double bottom tank port side
(Kg= 0.6m and center of gravity 6m from the center line) and
discharges two parcels of cargo each of 50 tons from port
side of No.2 shelter deck (Kg= 11m and the center of gravity
5m from the center line). Find the final list.
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Ship Stability
Dispt= 9500 t 0, =3.5°to STBD
KG=9.3m

Load:

w;= 300t / Kg=0.6m
Discharge:

w,= 50+50= 100t /  Kg=11m

KM= 9.5m

/  6m port of d;

/  5m port of d;

e ="
= tan~1 &L
0 =tan (GlM
(S]J\Azz KM “I((Sl
Final moment about keel
KGy= final dispt
W Kg | Moment about Keel
+9500 9.3 +88350
+300 0.6 +180
-100 11 -1100
Total +9700 +87403
KGy= 2293 = 4 14 m

9700
G;M=9.5-9.01=0.49m
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GG1
tanf@1=—
GM

GM=KM -KG=9.5-9.3=0.2 m

GG1
tan 3.5°=—
0.2

GG;= 0.2 xtan 3.5° = 0.2 x 0.061= 0.012" m

Moment about CL
W g CL
Toport | ToSTBD
9500 |0.012 - 114
300 6 1800 --
100 5 -- 500
Total 1800 614

Final moment about center line _1800—-614 1186
final dispt ~ 9700 9700

(5(51=:

GG;=0.122 m

0= tan_l(%) =tan1(0.248)

0 =13.9° to port side
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Ship Stability
ool b g 4l bl iz dlawyy LISt 4y9lj puoncs

Center Line Js (sloygliiS soomme cowl o LISt jlos ouis aSolSin
L List gy el (gl cplpl cil o 5505 Cuow 1 ptdin Conw S5 jd S
S Sl by 5,5 518 Ol waw (5, » (UPTight) B o g coles o (uiS
by Center Line Jo (slayglicS & gomme a5 canl (pl 3,5 51,8 56 & jguns

Pl ply o b (Conly g ) i

Moment about Center Line to port = Moment about Center Line to STBD

gmmﬁfe: A Ship of 13750 tons displacement GM= 0.75m is

listed 2% degrees to STBD and yet to load 250 tons of cargo.

There is space available in each side No.3 tween deck
(center of gravity 6.1m out from center line). Find how much
cargo to load on each side if the ship is to be upright on
completion of loading?

Dispt=13750t GM=0.75m 0, =2.5°to STBD
Cargo= 250t
Wport= W T 6.1m port of d;

Wersp= 250 — W t 6.1m STBD of ¢

Moment about Center Line to port = Moment about Center Line to STBD
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GG1
tanf61=—
GM

GG1

tan 2.5°= —
0.75

GG,=0.75 x tan 2.5° = 0.75 x 0.043= 0.032 m

Moment about CL
W g CL
To port To STBD
13750 |0.032° - 440
W 6.1 6.1w -
250-w | 6.1 - 6.1x(250-w)
Total | 61w |440+6.1x(250-w)]

6.1w= 6.1 x (250-w) + 440
6.1w + 6.1w =440 + 1525
12.2w = 1965

1965
W = E =161.06t

Woor= 161.06 t
WsTBD= 250-161.06 =88.94 t
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gm«/tﬁfe: A Ship of 7800 tons displacement has a mean

draft of 6.8m and is to be loaded to mean draft of 7 meters,
GM= 0.7m and TPC= 20 tons. The ship is at present list 4
degrees to starboard, how much more cargo can be shipped
in the port and starboard tween deck, center of gravity bm
and 5m respectively, from the center line, for the ship to
complete loading and finish upright.

Dispt= 7800 t D;=6.8m D,=7m GM=0.7m
TPC= 20t 0, =4°to STBD port: 6m from d;

STBD: 5m from d; w =?

AD=7-6.8=0.2m =20 cm

w(t)
AD(cm)

TPC =

Wsgp= W1t Wport= 400 — W t

: o Upright (ol o5 by

Moment about Center Line to port = Moment about Center Line to STBD

GG1

tan 01= G_M

Page

139
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tan 4°= 22
0.7

GG,= 0.7 x tan 4° = 0.7 x 0.069= 0.048 m

Moment about CL
W g CL
To port To STBD
7800 0.048 — 374
W 5 -- 5w
400-w 6 6x(400-w) --
Total I 374.4+5w

6 x (400-w) = 374.4+5w
2400 — 6w = 374.4 + 5w
2400 —374.4 = 5w + 6w
2025.6 = 11w

20256
11

w=184.141

WsTBD= 184.14 t

Woort= 400 — 184.14 = 215.86 t
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gmmfe: A Ship of 12500 tons displacement KM= 7m &

KG= 6.4m has a 3 degrees list to starboard and has yet to
load 500 tons of cargo. There is space available in the tween
deck center of gravity 6m each side of the center line. Find
how much cargo to load on each side if the ship is to
complete loading upright.

Dispt=12500t KM=7m KG=6.4m 0, =3°to STBD
Cargo=5001
Wport= W T 6m port of d;

WsTeD™ 500—wt 6m STBD of ¢

Moment about Center Line to port = Moment about Center Line to STBD

GG1
tanf1=—
GM

GM=KM -KG=7-6.4=0.6 m

GG1
0.6

GG;= 0.6 x tan 3° = 0.6 x 0.052=0.031 m

tan 3°=
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Ship Stability

Moment about CL
Y g CL
To port To STBD
12500 [0.031°| - 387.5
W 6 I bw -- I
500-w 6 -- 6x(500-w)
Total 6w 387.5+6x(500-w)

6w = 387.5+ 6 x (500 — w)
6w = 387.5 + 3000 — 6w
6w + 6w = 3387.5

12w =3387.5

33875
12

w=282.291

Woore= 282.29 t
WsTBD™= 500-282.29=217.71t
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Ship Stability

:(Trim) Job jies
: MCT 1cm L MCTC

e ¢ 13L o Moment to change trim by one centimeter i

s lem ol ly S trim b Job ied wlgn a8 il o 05 HgleiS

:.).))f s° Ml?u ).:) J}A)B d.l.«.wy 9 °‘>9€ ton meter U] J.>|9 9 A

Dispt XGML
100xL

MCTC =

Dispt= ,5ls 54
GM|= Longitudinal Meta Centric Height = ,sl.s Jsb GM

L= ,5ls Jobo
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Ship Stability

oelpls sl el yols Jsb a5 38,0 b Meta Center alol aS! cda s

CSDJh_Q:EghAL

2)5y3 thﬁh»‘)fﬁrin kjan)é j‘.Aib )i} Lng)9Lbﬁ LSLH E3PV4L d**ut>co L;l}g:4153

BM,= 12xD

L= a8 Jsb
D= Draft

BML=@

L= s Job
D= Draft

: (Box Shaped) [ o) 4 (slayglus (all

: (Triangular Shaped) (i o (slayoliss (o

5%&1/%&: A Vessel of 2500 tons displacement has 120m
long and longitudinal Meta centric height 140m, find MCTC?

Dispt= 2500t

L=120m

Page

GM=140m MCTC=?
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Ship Stability

Dispt xGML _ 2500x140 _ 350000

MCTC= = = =29.16 t.m
100 XL 100120 12000

5%«44&: A Box shaped vessel of 48x10x4 m has draft=
2.5m floating in fresh water, find MCT 1cm?

L=48m B=10m H=4m D=2.5m

o=1 # MCT 1cm=?

Dispt=LxBxDxp=48x10x2.5x1=12001

L2 482 2304
M= BM,= = = =76.8m
GM, " 12xD T 12x25 30 6.8
Dispt XGML  1200x76.8 92160
MCTC= = = =19.2t.m
100 XL 100x48 4800

gld ye5ul 59y 3 sk iy 3 )b (bl @b

w(t)xXd(m)
MCTC

Change of Trim = (cm)

W= o buls )b 59

d= L Jsb abrl> oljee
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Ship Stability

Change of draft in aft due to change of Trim = % X Change of Trim

Change of draft in FWD due to change of Trim = Change of Trim — Change of aft draft

[ =CF b ausl, alob

gm«rzﬁfe: A Ship 126m long is floating at draft of 5.5m F &

6.5m A. The center of floatation is 3m aft of amidships, MCT
1cm= 240 t.m, displacement= 600 tons. Find the new draft if
a weight of 120 tons already on board is shifted forward a

distance of 45 meters.

L=126m De=5.5m D= 6.5m

[= 60m

MCTC= 240 t.m Dispt=6000t new draft =?

d=45m tw FWD

w=120t

[\ 1 J ]t Iy /I 17
N el ] =l =
.{ E lg:g: Mo § Hold Mo 4 Hold Mo 3 Hold Mo 2 Hold No 1 Hold .
CT
< 60m =<3m > 63m P>
: wxd  120x45 5400
Change of Trim = = = =22.5cm

MCTC =~ 240 240
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Ship Stability
Change of draft in aft due to change of Trim = % X Change of Trim

Change of draft in aft due to change of Trim= % x 22.5=10.714 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =22.5-10.714=11.786 cm

FWD AFT
Old Draft 5.500 m 6.500 m
Change of Trim +0.117 m -0.107 m
New Draft 5.617m 6.393 m

gm«/zﬁ&: A Ship 100m long and with a Dispt of 2200 tons

has longitudinal Meta centric height 150m, the present
drafts are 5.2m F & 5.3m A. center of floatation is 3m aft of
amidships. Find the new drafts if a weight of 5 tons already
on board is shifted aft through a distance of 60 meters.

L=100m Dispt= 2200t GM=150m De=5.2m
Da=5.3m COF= 3m aft of amidships new drafts="

w=5t d= 60m tw aft
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L~

) ﬂ%ﬂ ng ﬂ%ﬂ q% ﬂ{ff

50m >

(@)

\ 4
A

A
A

< 47m

Dispt XxGML _ 2200x150 _ 330000

MCTC= = = =33tm
100 XL 100100 10000

wxd 5x60 300
MCTC 33 33 =9.090 cm

Change of Trim =

Change of aft draft = % x Change of Trim

Change of aft draft = % X 9.090=4.272 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =9.090 — 4.272=4.818 cm

FWD AFT
Old Draft 5.200 m 5.300 m
Change of Trim -0.048 m +0.042 m
New Draft 5.152 m 5.342 m

5%&1/%&: A Ship 130m long is floating at the draft of 5.3m

forward and 6.3m aft, the center of floating is 3m FWD of
amidships. MCTC= 230 t.m displacement= 6500 t, find the
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Ship Stability
new draft if a weight of 130 tons already on board is shifted
aft a distance of 55 meters?

L=130m De=5.3m Da=6.3m

COF=3m fwd amidships MCTC=230t.m Dispt=6500t

new drafts=" w= 130t d=55m tw aft

&

[\ Hiwl! Hasl =l [l HT
N e | e | o | = |

Engine Mo & Hold Mo 4 Hold Mo 3 Hold Ma 2 Hold Ma 1 Hold
Room Wwa

[ =68m
65m

}
|
o~

A 4
v

3m

< D> 62m
I

wxd _ 130x55 _ 7150

= = 31]. m
MCTC 230 230 31.08 ¢

Change of Trim =

Change of aft draft = % X Change of Trim

Change of aft draft = % x 31.08=16.25cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =31.08 — 16.25=14.83 cm
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FWD AFT
Old Draft 5.300 m 6.300 m
Change of Trim -0.148 m +0.162 m
New Draft 5.152 m 6.462 m

gm«/tﬁfe: A Box shaped vessel 90mx 10mx6m is floating in

salt water on an even keel at 3m draft fwd and aft. Find new
draft if a weight of 64 tons already on board shifted a
distance of 40m aft?

L= 90m B= 10m H= 6m 0=1.025 #

D= Dp=3m  new draft=? w=64t d=40m tw aft

éi CF

\_ Y,

+—— |=45m ——Pie—— 45m ——>

Dispt=LxBxDxp=90x10x 3 x1.025=2767.5t
CSPVqL = ESDJ1L

L2 902 _ 8100

L= = = =225m
12xD 12%3 36

Dispt XGML _ 2767.5%225 _ 622687.5
100xL 10090 9000

MCTC=

=69.18 t.m
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wxd _ 64x40 _ 2560
MCTC =~ 69.18 69.18

Change of Trim = =37cm

Change of aft draft = % x Change of Trim

Change of aft draft = % x37=18.5cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =37 - 18.5=18.5cm

FWD AFT
Old Draft 3.000 m 3.000 m
Change of Trim -0.185 m +0.185m
New Draft 2.815m 3.185 m

Example: A Box shaped vessel 100mx 15mx8m is floating in

salt water on an even keel at 3.5m draft fwd and aft. Find
new draft if a weight of 80 tons already on board shifted a
distance of 38m forward?

l=100m  B=15m H= 8m 0=1.025 #

D= Dp=3.5m new draft="? w=80t d=38m tw fwd

+«—— |=50m ——Pe—— 50m —>
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Dispt=LxBxD xp=100x 15x 3.5x1.025=5381.251

(Spqu = EBPVqL

L2 1002 10000
“AL= = =
12xD  12%3.5 42

Dispt xGML _ 5381.25x238.09 _ 1281221.81
100xL  100x100 10000

wXd 80x38 3040

Change of Trim = e - 128122 - 128102 = 23.727 cm

=238.09 m

=128.122 t.m

MCTC=

Change of aft draft = % x Change of Trim

Change of aft draft = 150—00 X 23.727=11.863 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =23.727 -11.863=11.863 cm

FWD AFT
Old Draft 3.500 m 3.500 m
Change of Trim -0.118 m +0.118 m
New Draft 3.382m 3.618 m
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Ship Stability

P ygld youl g9y 3 (5y9 dbgt S ye Sl )l (2l Al g9y 655k sl

Mo 1 Hold

i
Engane Mo § Hold
Room
—

.
& »ag ° »
< ». < g »

w Xd
MCTC

Change of Trim =
W=l s
d=CF 5 L J& 55,0 alols

[ = CF b ausl, alols

Change of aft draft = % X Change of Trim

Change of FWD draft = Change of Trim — Change of aft draft

. . w
Bodily Sinkage = oy
FWD AFT
Old Draft m m
Change of Trim +m +m
Bodily Sinkage +m +m
New Draft
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Ship Stability

5%@%&: A Ship 90m long is floating at draft 4.5m fwd and

5m aft. The center of floatation is 1.5m aft of amidships,
TPC= 12 tons, MCTC 120 tons meter. Find the new draft if a
total weight of 450 tons is loaded in a position 14 meters
forward of amidships.

L=90m De=4.5m Da=5m CF=1.5m aft amidships
MCTC=120t.m new draft =" TPC=12t

w= 450t in 14m fwd amidships

&

5=,J | : 17
A e e
Engne Ma 5 Hold Mo 3 Hoid Ma 2 Hold Mo 1 Hold
Tﬂf}i Room @ CF — We
: : T
) 43.5m > 5m ¢ 1am

d=1.5+14=155m
[=43.5m

w Xd 450x15.5 6975
= = =58.125cm
MCTC 120 120 58 > ¢

Change of Trim =

Change of aft draft = % X Change of Trim

Change of aft draft = % x 58.125 = 28.07 cm

Change of FWD draft = Change of Trim — Change of aft draft
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Change of FWD draft = 58.125 — 28.07=30.055 cm

Bodily Sinkage = T‘%c = % =37.5cm
FWD AFT
Old Draft 4.500 m 5.000 m
Change of Trim +0.300 m -0.280 m
Bodily Sinkage +0.375 m +0.375 m
New Draft 5.175m 5.095m

gxamﬁée: A Ship 84m long is floating on an even keel at a

draft of 5.5 meters. 45 tons of cargo is then loaded in a

position 30m aft of amidships; the center of floatation is 1m
aft amidships. TPC 15 tons, MCT 1cm 200 t.m, find the final

drafts?
\r\ ; | ; i 4] F :fﬁ: ﬂ[li'. ﬂl_']i_-_.l"
TI irg;: . husglbld e CF Mo 3 Hoid Mo 2 Hold Mo 1 Hold
« 42m ’
: = im ™
: 30m
d=30-1=29m
[=42—-1=41m

w Xd _ 45x%29 _ 1305
MCTC ~ 200 200

Change of Trim = =6.525cm
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Ship Stability
Change of aft draft = % x Change of Trim

Change of aft draft = g X 6.525=3.184 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft = 6.525 — 3.184=3.341 cm

Bodily Sinkage = ,11‘:7 = % =3cm
FWD AFT
Old Draft 5.500 m 5.000 m
Change of Trim -0.033 m +0.031 m
Bodily Sinkage +0.030 m +0.030 m
New Draft 5.497 m 5.561m

gmmﬁfe: A Box shaped V/L 50x8x4m is floating in salt

water on an even keel at 2.5m draft F&A. Find new draft if a
weight of 50 tons is loaded in position of 10m forward of
astern?

L= 50m B= 8m H= 4m 0=1.025 #

D= Dp= 2.5m new drafts =?

w= 50t in 10m fwd of astern
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10m @ e CF
<—>E g
\- y

<+—— |=25m — be—— 25m ——»

d=25-10=15m
[=25m
Dispt=LxBxDxp=50x8x2.5x1.025=1025t

L? 502 2500
GML =~ BMi= T = Tox2s = 30 - S3-33m
MCTC DispEXGML _ 1025x83.33 _ 85413.25 _ 1708 t.m

100 XL 100 x50 5000
WPA=LxBxC,=50x8x 1=400
TpCe WPAXp _ 400x1.025 _ 410 _ 41t
100 100 100

Change of Trim = wxd _50x15 _ 750 _ 43.91 cm

MCTC 17.08 17.08

Change of aft draft = % X Change of Trim

Change of aft draft = % x43.91 =21.955cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =43.91 — 21.955=21.955 cm

. . w 50
Bodily Sinkage = T 12.19 cm
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FWD AFT
Old Draft 2.500 m 2.500 m
Change of Trim -0.219 m +0.219 m
Bodily Sinkage +0.121 m +0.121 m
New Draft 2.402 m 2.840 m

H(CF) (oyg dboge 3850 3l 2yl (ol i )yl yo5ul (g9, p 5o @l 36

w Xd
MCTC

Change of Trim =
d =CF U oss adss b J& 5,0 alold

[ = CF b asl, alol

Change of aft draft = % x Change of Trim

Change of FWD draft = Change of Trim — Change of aft draft

Bodily Sinkage = —

TPC
FWD AFT
Old Draft m m
Change of Trim + m + m
Bodily Sinkage -m -m
New Draft
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gmwﬁfe: A Ship 100m long arrives in a port with draft 3m F

and 4.3m A. TPC= 10 tons, MCT 1cm 120 tons meter, the
center of floatation is 3m aft of amidships. If 40 tons of cargo

is discharged from 120m aft of amidships, what are the new
drafts?

L= 100m Di=3m Da=4.3m  TPC=10t
MCTC=120t.m CF: 3m aft of amidships

w= 40 t from 120 aft of amidships new drafts="?

&

. ]L—,f
S ﬁ?{}iﬁ{x i
.{_E irgl: Mnngdd _e CE No 3 Hold No 2 Hold No 1 Held e
« 50m ria 50m g
= 3m ™
- 12m
d=12-3=9m
[=50-3=47 m

wXd _ 40x9 _ 360

= =3Ccm
MCTC 120 120

Change of Trim =

Change of aft draft = % X Change of Trim

Change of aft draft = % x3=1.41cm
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Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft=3-1.41=1.59 cm

Bodily Sinkage = Y P _4em
TPC 10
FWD AFT
Old Draft 3.000 m 4.300 m
Change of Trim +0.015m -0.014 m
Bodily Sinkage -0.040 m -0.040 m
New Draft 2.975m 4.246 m

gmmﬁfe: A Ship 150m long has draft F&A respectively 4.5m

and 5m, with center of floatation 4m forward of amidships,
TPC= 20 t, MCTC= 100 t. Find new drafts if a weight of 200
tons discharged 20m from ahead?

L=150m Di=4.5m Da=5m TPC= 20t

MCTC= 100t new draft=? w= 200t from 20m ahead
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L~

- |
|
o 3 Hold
.
.

Ergefie Mo & Hold
Room
—

Mo 1 Hold

CF g

; ﬁ rl[l i/\ Jrl T
. i .

|
S
v u,___._r-‘""“"m,J

A

75m

d=75-20-4=51m

[=75+4=79m

wxd _ 200x51 _ 10200

75m

P 5im TP 0m

=102 cm

Change of Trim =

MCTC 100 120

Change of aft draft = % x Change of Trim

Change of aft draft = % x 102 =53.04 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft =102 —53.04 = 48.96 cm

w200

l

Bodily Sinkage = e = g C 10 cm
FWD AFT
Old Draft 4.500 m 5.000 m
Change of Trim -0.489 m +0.530m
Bodily Sinkage -0.010 m -0.010 m
New Draft 4.001 m 5.520 m

Page

161




Ship Stability

gmmfe: A Box shaped vessel 40x6x3 m is floating in salt

water on an even keel at 2m draft F&A. Find the new draft if
a weight of 35 tons is discharged from a position ém from
forward (MCTC= 8.4 t.m)

L= 40m B=6m H=3m o=1.025 #

D= Dp=2m newdraft=?  w= 35t from 6m forward

MCTC=8.4t.m

N Y

«——— |-20m ——b4+—— 20m —»

d=20-6=14m

[=20m

wxd _ 35x14 _ 490
MCTC 84 8.4

Change of Trim = =58.33cm

Change of aft draft = % X Change of Trim

Change of aft draft = % x 58.33 =29.165 cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft = 58.33 —29.165 = 29.165 cm

LXBXCw X 40x6x1x%x1.025 246
P =22 -246t
100 100 100

TPC=
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35

. . w
Bodily Sinkage = T 14.227 cm
FWD AFT
Old Draft 2.000 m 2.000 m
Change of Trim -0.291 m +0.291m
Bodily Sinkage -0.142 m -0.142 m
New Draft 1.567 m 2.149 m

5%«”4&: A Ship 150mx20m floats on an even keel at 10m

draft and has a block coefficient of fineness 0.8 and LGM of
200 meters. If 250 tons of cargo is discharged from a
position 32m from the center of flotation, find the resulting
change of trim and new draft. (TPC= 10 tons)

L= 150m B=20m D= Da=10m C,=0.8
GM= 200t w= 250t from 32 fwd COF TPC=10t

p=1.025 # COF: at amidships

N e >—<f!i o |
Enging Ha & Hold Ko 4 Hold Mo & Hold Mo 1 Hold
- L -
]

75m > 75m

|
v u,___._-f""‘"-u.J

A




Ship Stability
[=75m
Dispt=LxBXxDxpxC,=150x 20 x 10 x 1.025 x 0.8= 24600 t

Dispt xGML _ 24600 x200 4920000

MCTC= = = =328t.m
100 XL 100x150 15000

wxd _ 25032 _ 8000
MCTC 328 328

=24.39cm

Change of Trim =

Change of aft draft = % X Change of Trim

Change of aft draft = % X 24.39=12.195cm

Change of FWD draft = Change of Trim — Change of aft draft

Change of FWD draft = 24.39-12.195=12.195 cm

Bodily Sinkage = 7‘\:7 = % =25cm
FWD AFT
Old Draft 10.000 m 10.000 m
Change of Trim -0.121 m -0.121m
Bodily Sinkage -0.250 m -0.250 m
New Draft 9.629 m 9.871m

Page

164




Ship Stability
((TPC & Displacement Curve) Dispt 3 TPC 4 by o sla o
: Draft g TPC & Ly o oo ()

B 25,5 s b (6,500 b & (551 e jlcwdyle TPC wd aiiS o8 jglailan
Sl Cand e ol ol

AXCw XRD
100

TPC =

A g I8 ol gy » el o canl ) s JBs ploa RD ol 0 o8
o ol abie aw oo Gy ol )3 9 08L (0 T ol sy 5 485 )15 ol 50
b

(Box Shaped  _lawx gl S p Lo ol b b jlies o amio colue
g Sl il (1l LS THM 455000 13) 228 Ciliseo slajgoul 48 (4l V/L)
1 ol dmio Colue aS0) cla ol ds e olayglis ;5 Lol wil o ply oo
555 TPC cplply bl o coglito wan b (A L WPA ) 158065 (sl o5
9] Conds Sglite g daxio (gl ye50l
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Exvample:

a) Construct a graph from the following information:
Mean draft (m) 3 354 45
TPC (tons) 8 8.5 9.2 10

b) From this graph find the TPCs at drafts 3.2m, 3.7m and
4.3m

c) If the ship is floating at the mean draft of 4m and then
loads 50 tons of cargo, 10 tons of fresh water and 25
tons of bunkers, whilst 45 tons of ballast is discharged,
find the final mean draft.

=@=TPC (y)
11

2

Draft

b)
Draft (m) 3.2 3.7 4.3
TPC (m) 8.2 8.8 9.7
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c)

Loaded= 50 + 10 + 25= 85t

Discharged= 45t

Wopresent = 85 — 45= 40t

Ref to upper curve if D;=4m then TPC=9.2t
w40

AD= TP “ 92 434 cm=0.043 m

Because Loading > Discharging: D,= D; + AD
D,=4+0.043=4.043 m

ngﬁZe: From the following information construct a TPC

curve:
Mean draft (m) 1 3 5 7
TPC (tons) 4.7 10.7 13.6 15.5

Then find the new mean draft if 42 tons of cargo is
discharged whilst the ship is floating at 4.5m mean draft.
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=@—TPC (y)

el
BN 00 0.0 N W, U
AU OO U UL UG

Draft

Mean draft 4.5m then TPC=12.7 t

Discharged=42t

w 42

AD= =
TPC 12.7

=3.30cm=0.033 m

Because of Discharging: D,= D; — AD
D,=4.5-0.033=4.467 m

: (Displacement Curve) displacement 4 TPC « by yo oo (&

slygul o s Displacement L iS50 5 Ko Dispt ages
o il 55 (258 DISPL sl Sl L &S 03,5 plsie 3 MB sl (oo iliss
Moges 2 ye sl )3 1) 1S Eglite (slaygsol (i cpl oy sl pl ol bl
o o8 (LY j95e) Hlages Job (slinl)y p3 1) abbgsye Displacement 4 (o X gxo)
rb.a.ﬁ.)
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Exvample:

a) Construct a displacement curve from the following data:
Draft (m) 3 3.5 4 4.5 5 5.5
Dispt (tons) 2700 3260 3800 4450 5180 6060

b)If this ship’s light draft is 3m and the load draft is 5.5m
find the dead weight.

c) Find the ship’s draft when there are 500 tons of bunkers
and 50 tons of fresh water and stores on board.

d)When at 5.13m mean draft the ship discharges 2100
tons of cargo and loads 250 tons of bunkers, find the
new mean draft.

e) Find the approximate TPC at 4.4m mean draft.

f) If the ship is floating at a mean draft of 5.2m and the
load mean draft is 5.5m, find how much more cargo
may be loaded?

=@=Dispt(y)
7000
6000 I‘)
5000 —
4000 /.-;/

3000
2000
1000

0

2 225 25 275 3 325 35 375 4 425 45 475 5 525 55 575 6

Draft
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b)
Diight= 3m: Disptjjgh= 2700 t
Dioag= 5.5m: Dispt,,4= 6060 t
Dead Weight= Dispt,,,q— Disptiigh= 6060 —2700= 3360 t
c)
Load: 500 + 50=550t
Wopresent= 550 + Dispt jghy= 550 + 2700= 3250 t

oS o0 eSie |, Dispt= 3250 t 4 by, Draft 548 jlages 5l Jls
If Dispt=3250t ===> Draft=3.5m
d)
Discharge: 2100 t & Load: 250t
===> wW=2100-250= 1850 t col onss ass
If Draft=5.13m === > Dispt= 5300
Disptpresent= 5300 — 1850= 3450t

Jsleo Joges b 45 ouiS o ]yl 53505 51y 3450t & bgy,e Draft Jls
5L 0 3.65M

e)

Draft;=4.3m ===> Dispt;=4200 t
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Draft,=4.5m ===> Dispt,= 4450 t
TPC= % - 44504200 _ 250 _ 125 ¢
AD(cm) (4.5—4.3)x100 20
f)
If Draft;=5.2m ===> Dispt;= 5400 t

Dispt,.q= 6060 t
w= Dispt,,,q — Dispt;= 6060 — 5400= 660 t

Exvample:

a)Ffrom the following information construct a
displacement curve:

Draft (m) 1 2 3 4 5 6
Dispt (tons) 376 736 1352 2050 3140 4450

b)From this curve, find the displacement at a draft of 2.3m

c) If this ship floats at 2.3m mean draft and then loads 850
tons of cargo and discharges 200 tons of cargo, find the
new mean draft.

d)Find the approximate TPC at 2.5m mean draft.
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=@=Dispt(y)
5000
4500 /i
4000
7
3500 //
3000
2500 ”""
2000 —”,,JI"”’
1500
1000
500 ?, /
0 1 1
0.5 1 15 2 2.5 3 3.5 4 4.5 5 5.5 6
Draft
b)
D=2.3m ===> Dispt= 900 tons
c)

If D;=2.3m (Dispt;= 900 t)

Loaded: 850t

=== >

& Discharged: 200 t

w= 850 — 200= 650 t ceul oas (5,.5,L

Dispt,= Dispt; + w=900 + 650= 15501t
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Sole 45 wuiS oo zly5tl |, Dispty= 1550 t Jsleo Draft lsges cso) 5l Jl>

d)

TPC=? If Draft=2.5m

If Draft;= 2.4m === >

If Draft,= 2.6m === >

TPC= 1150-1000  _ 150 _ . ¢

AD(cm)  (2.6—2.4)x100

20

Dispt;= 1000t

Dispt,= 1150t

15 2 3.25m

: (GZ Cross Curve) (GZ) ol ,55b ol oo

w29 cwds |, (Moment of Statical Stability) »3,5,, adgl el

Example: Using the stability cross curve for MV. Tanker,

find the GZs at 15 degrees intervals between 0 degrees and

90 degrees heel when the displacement is 35000 tons and

KG= 9 meters.
Angel Of Heel | Q° 15° 30° 45° 60° 75° 90°
GZ (m) 0 0.85 2.1 2.5 1.9 0.75 -0.5
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N,
45 T
150? ~\ GZ Stability Cross Curves GZ Correction Table
4 \ gs:y:kcge?rg\gx?ﬁ:?&?ghfsrg?"es Correction to GZ (:) for one metre
L A5% ] Cof Qa6 the GZ comection tablo difference in height of centre of gravity
\ 15° 30° 45° 60° 75° 90°
N
e Q 0259 0500 0707 0.866 0.966 1.000
©
£ =
£ o 60°—"| \\
g 2 \\ {So
a \ Q 30°
(=
. E 15K 600
—~ (=}
=
N — \
el . o~ = - =) 15° I s el
75 ; \ 750 \\
e B
0
=05 90 i
& o ] ! 1 | | l

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000
Displacement in tonnes

Fig. 17.1

PR KG ) e 2o KG (sl 598 oo 3l oolital b GZ (0 )9] sty (42 1SS
ol S 5 delsl L8 GZ 4 s b Correction G b GZ jlages jd o
ooy GGy ] &S sl 0 GG1XSINO L ,ly o] Jlide Correction b oo
Ui 55 0 alolb 5 dbgyyo ioxio ol (KGy) a8 Keel b ass [ 58 o ol
gl o GZ v yd 3390 ogy0e b ol (KG) oS Keel b s

cwlheel 44150 osen

2W&: Using the stability cross curve for MV. Tanker,

find the GZs at 15 degrees interval between 0 degrees and
90 degrees when the displacement is 35000 tons and the KG
is 8.5 meters.
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»
2

'S

A
30°]

1?\

Centre of gravity assumed 9 metres

o
3

45° )

above keel. For other heights of
C of G see the GZ correction table

GZ Stability Cross Curves

Correction to GZ (:) for one metre
difference in height of centre of gravity

30° 45° 60° 75° 90°

GZ Correction Table

/

w

N
o0

n

60° |

,lr

\ 152

0.259 0.500 0.707 0.866 0.966 1.000

> S

GZ righting lever in metres
(3]

-

- e
\Q

9
o

o

|
o
o

I
=

Displacement in tonnes

Fig. 17.1

GG;=KG—-KG;=9-8.5=0.5m

e e |
Sy {4 / \ \\ \\
% 750\ \\
e -
[ 20 ! | | 1 |
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000

Angle

of heel

Tabulated GZ (KG 9m)

Correction (GG;xSinB)

Correction GZ (KG 8.5m)

OO

0

0.5x0=0

0+0=0

15°

0.85

0.5x0.259=0.129

0.85+0.129=0.979

30°

2.1

0.5x0.500= 0.250

2.1+0.250=2.350

45°

2.5

0.5x0.707=0.353

2.5+0.353= 2.853

60°

1.9

0.5x0.866=0.433

1.9+0.433=2.333

75°

0.75

0.5x0.966= 0.483

0.75+0.483=1.233

90°

-0.5

0.5x1=0.5

-0.5+0.5=0
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