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Fg: Buoyancy force
¢ : Angle of Heel, & : Angle of Trim

e u * M n = :
Overview of “Ship Stability e i e

Fundamental of Ship Stability

Newton’s 2" Law
Euler Equation

Force & Moment on a Floating Body

Hydrostatic Values

* Properties which is related to hull
form of the ship Rotational Transformation!

Y's , ¥'g in body fixed frame

Righting Moment

=

Yo » Yg in waterplane fixed frame
]

Transverse Righting
Moment :
F, xGZ

Longitudinal Righting

GZ Calculation
<Method @> \

GZ = (~Ys +Ye)
Moment : |:B XGZL GZ, :(_XG + XB)

<Method 2>
GZ =GM sing ,GM =KB+BM -KG

GZ, =GM, sin@ ,GM, =KB+BM, —KG

Pressure Integration Technique

» Calculation Method to find GZ
with respect to IMO regulation
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Sec.1 Stability Curve and Stability Criteria
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Statical Stability Curve

oy'z':Body fixed coordinate FB
oyz : Global coordinate E

< Righting arm in 15° heel>

A
Statical Stability Curve '
A = const
| Righting Arm
(G2)
I : >
L . y
: [ | [ Angle
: : : : of heel(¢)
0 10 20 30 40 50 60 70 ‘80
1B

< Righting arm in 60° heel>
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T =F-GZ

restoring

Statical Stability Curve

Statical Stability Curve

Righting Arm v GM in statical stability curve

A = const

(G2) (A :displacment) If we assume ¢ is small
A .

P Y GZ ~GM sin|g|

Slop of curve at ¢ =0

| GM GZ GM sin ¢
57.30 | msssiim
O ¢ ¢

() 1(rad) (L‘L‘E}M

.: | \ .
60/ 70 \ 80 oM
57.3

@ - Angle of maximum righting arm As GM is the slop of the righting
arm curve at the upright
floating position(¢ =0), this
value can be read at an angle
of heel equal to 1 rad(=57.3°)

Angle of Heel GM
zlj

@ : Angle of downflodding
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Introduction to Ship Stability

: Stability Criteria — IMO Regulations for Intact Stability

Righting A IMO Res.A-749(18) chapt.3.1
“ ig ((lan% rm A = const ( (18) chapt.3.1)
_/};_ (A :displacment)
/./ | 57. 3°\A:
“ A B
| | . t | i Angle of heel
1 O L -
0 10 20 30 /40 50 7770 N g0 ¥
¢m ¢f Area A : Heel Angle from 0° ~ 30°

IMO Regulations for Intact Stability

(@) Area A > 0.055 m-rad
(b) AreaA+B > 0.09 mrad
(c) Area B > 0.030 m-rad

(d) GZ = 0.20 m at an angle of heel equal to or greater than 30°
(e) GZ,,., should occur at an angle of heel equal to or greater than 25°

(f) The initial metacentric height GM, should not be less than 0.15 m.

2009 Fall, Ship Stability

- Overview of Ship Stability

Area B : Heel Angle from 30° ~ min(40° , ¢)
* ¢ : An angle of heel at which
openings in the hull

& - Angle of maximum righting arm

X After receiving approval of
calculation of IMO regulation from
Owner and Classification Society,
ship construction can proceed.
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Statical Stability Curve by using Cross Curve of Stability

3 dimensional expression of cross curve of stability

Cross curve of stability

e

10° 20°30° 45° 60° 75° 90°

GZ(m)
Righting arm
A1~
A2
‘L / Statical
" Angle of Heel > stability
&‘k NSy
L___\i__\_x:____\:\;____:\_\L___:l_
A (ton)
izo_o Fall p _t,abifity _Intact Stability S Displcemet
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Stability Criteria for Intact Stability -

- Stability Criteria of Battleship*

* Regulation
GZ,<0.6:GZ

A, > 14-A

max?

|
|
|
|
i
HA: Heelin:lg Arm

/;/_

~0.004V?-A-Lcos® ¢
2,240A

HA

(GZ; Righting Arm Curve)

Anrqle Pf heel (¢)

- 5= 25° -
25° left side about intersection point
between HA and GZ

220 y
| b _

60 70 80 \90

L: Center height of projected sail area above 0.5T

A: projected sail area [ft?], V: average wind speed [knots]
¢: angle of heel [degree], A: displacement [LT]

@, : angle of maximum righting arm

* Brown, A.J., Deybach, F., “Towards A Rational Intact Stability Criteria For Naval Ships”, Naval Engineers Journal,

pp.65-77, 1998.
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Sec.2 Grain Stability
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Grain Stability
- Moment due to Grain shift

!
&
N
e
= O
AR
©
=]
Is)
T
Volume (m3) —
KG(m)—
Volumetric Heeling Moment (m*}—
Heeling moment in cargo hold Volumetric heeling moment in cargo hold

v’ Surface of the grain are shifted with respect to heel
-Fully filled compartment : Assumption of a=15 ° to the horizontal
-Partially filled compartment : Assumption of of =25 ° to the horizontal
Calculate heeling moment due to grain shift with above assumption

2009 Fall, Ship Stability - Grain Stability

“*Barrass, C.B., Ship stability for maters and mates, 61" ed., Elsevier, 2006, Ch.30, pp.268 i @SDAL - ,
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Grain Stability (SOLAS 1974 A264)

v/ The intact stability characteristics of any ship carrying bulk grain must be shown to meet, throughout
the voyage, the following criteria relating to the moments due to grain shift.

Grain Statical Stability

N
e
£
<
E’ Righting arm curve
=
2
[0
Angle of heel due to grain shift Heeling arm curve due
) to transverse grain shift ,
: Vgh":he“;%ie iﬁpfc’tx'mf;‘]tte'yi Assumed volumetic heeling moment
= repres y the straight ! - 4
A . Residual Dynamic | jine AB 5 2 = due to transverse shift(m™)
\4 Stability B / i Stowage factor (m® / t) x displacement(t)
A T T | 4, =0.80
0 ' ' 40 : /10
E g E A-B is straight i
- -B is straight line
0 40

Angle of Heel (Degree)
(a) The angle of heel due to the shift of grain shall not be greater than 12°.

(b) The Net or residual area(Yellow color area) between the heeling arm curve and the righting arm curve up to
the angle of heel of maximum difference between the ordinates of the two curve, or 40° or the angle of
flooding, whichever is the least, shall in all conditions of loading be not less than 0.075 meter-radians.

(c) Initial metacentric height, after correction for free surface effects of liquids in tanks, shall not be less than
0.30 m.

2009 Fall, Ship Stability - Grain Stability ¥ B¢ an angl_e_o_f heel at which openings in the hull »
y*Barrass, C.B., Ship stability for maters and mates, 6™ ed., Elsevier, 2006, Ch.30, pp.266 8 @SDAL 207
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Sec.3 Floodable Length
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Floodable Length(1)

- Margin Line, Permeability

\L?Gmm Bulkhead Deck
Margjn Line
AP

M Margin Line

B Line drawn parallel to and 76mm below the bulkhead deck at side.

M Permeability
B Amount of water that can enter a compartment after the compartment has been bilged.
B Denoted as ‘u’ and given as a percentage

B If the compartment was initially empty, then ‘n’ would be 100%.
.20_09 Fall, Ship s_tibility - Floodable Length

ed., Elsevier, 2006, Ch.27, pp.243 ”__Y,}“o’na,@;DAdlgh, o
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Floodable Length(2)
- Floodable Length

|
1
T e —— - ‘ L
. i |
|
W' : L’
:
b\
! : Floodable length
2| I
|
|
|
|
0 |a (7]
|
tan =2

M Floodable Length (FL)

B Maximum allowable length of a compartment at any point along the length (with that point
as centre), that can be flooded without submerging the margin line.

B Vessel to be always upright, with no heel.

2009 Fall, Ship Stablllty - Floodable Length
'a*Barrass,f C.B., Ship stabili_‘_c for maters and mates, 6%
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Floodable Length(3)

- Factor of Subdivision, Permissible Length

Aft cargo hold iﬁ;gﬁ/gg? Fore cargo hold ,
subdivision subdivision ‘ |
| ., -7
Floodaple length W’\_ ______ i 2 — ___---- .
FloodaRle length - - '
Odable len J \ ! !
Permissiblg length o~ i i
W . ! L
B / Permissible le . | i /
tan™ 2 Pexmissjble\leng tan™ 2 : :
: : /\B. ./ \B.B. : . i ;
i i
A.P : i
Aft cargo hold Engine room ' Fore cargo hold
subdivision subdivision subdivision
I Margin length ,76 mm
W’ : g g * _________
_____ o . % ——-—---—--""
o= i

i i i

Curve of floodable length;

i i i i

® Factor of Subdivision (F) 013 b | C o
B Factor of subdivision. It can range in value from 0.5 to 1.0 I 1

B The 1.0 value signifies that very few passenger are being carried on board. The 0.5 value signifies that a very large
number of passengers are being carried on the ship.

B Formula for factor of subdivision exist in SOLAS 1974
® Permissible Length(PL)

B Lower curve, obtained after the floodable length curve ordinates have been modified for contents within the
compartments being considered

B FL ordinates x Fg; = PL ordinates 301
2009 Fall, Ship Stability - Floodable Length /616




Sec.4 3,700 TEU Container Ship : Example of Stability Calculation
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3,700 TEU Container Ship : Example of Stability Calculation

-General Arrangement(G/A)

e e e

i 5 GEI_NIEFIAL AFIRANGEMEI;I'
EESSESSSiSasaan sas S niEEnaiEnaaes _:
| LENGTH
; ~[=| LENGTH
-1 BREADTH

DEPTH
DRAFT

Principal Dimensions

0.A. 257.388 M
B.P. 245240 M
MLD 32.20 M
MLD 19.30 M
DESIGN 10.10M
SCANT. 12.00 M

IR a) 5 D AL
¥ Nz/t'lvona/ Advanced Ship Design Automation Lab. /616
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3,700 TEU Container Ship : Example of Stability Calculation
- General Arrangement(G/A)

2009 Fa

MIDSHIP SECTION

R
5
I i
o o ojlo o o o
2.2t te
h b bld 4 0 o %EE
' = |
o 1 '.In|.' 0 ] I:I_ -
o o ld | ol o olE ]
-1
o lool o o o o .
1 1T r T T =
O Qo ) ] o -
- ST o1 I iy £ F‘l[
T T T H
PASS - - FASE
AT WAT
o iy - _ || s
! =
jm JEE|
L] ] i ] i ] I ] \[
3 _ I
M« | i
Kﬂ | ] R S
L NO=_ [t [pg] omwsr | =/ s.L.
cli

I, Ship Stability

- Stabmty Calculation of 3,700 TEU Container Ship

= Principal Dimensions

LOA

LBP

BREDTH MOULDED

DEPTH MOULDED

DESIGNED DRAUGHT MOULED
SCANTLING DRAUGHT MOULED

257.368 M
245.240 M
32.20 M
19.30 M
10.10 M
12.50 M

]




3,700 TEU Container Ship : Example of Stability Calculation
-Tank Plan

(- TANK PLAN

. e LR

. - CEE T -
Bi— T SN P

= Principal Dimensions

e LOA 257.368 M
e LBP 245.240 M
e BREDTH MOULDED 32.20M
e DEPTH MOULDED 19.30 M
e DESIGNED DRAUGHT MOULED 10.10M
e SCANTLING DRAUGHT MOULED 12.50 I\Ig?g

2009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship



3,700 TEU Container Ship : Example of Stability Calculation

-Tank Summary Table

Name Specific Gravity | Filling Ratio ex) 1214.6x0.99=1202.4
Heavy Fuel Oil 0.990 98% 1118.6x0.99 =1107.4
HEAVY FUEL OIL TRNKS

(5.G.= .990 )

| . CAPACITIES - 100% FULL ¢ 1

| LOCATION|-—--- e i - -~ [MAX. . MT3
, COMPARTMENT | {FR.NO.) | VOLUME | VOLUME | WEIGHT | L.C.G | V.C.G | OF ]
| | | LOORFULL| 98%FULL{ 98%FULL| FROM | AROVE [INERTIA]
| | | (M**3) | (M**3) | (TONNES)| A.P (M)| B.L(M)E(M**4) ]
I================='—. Il I I NS NN T T e e e L e :======:=======.———: ——————— :
INO.1 H.F.O TK (P} ! 1B0O-71B1 1239.3 214.6 1202.4 | 159.0461 &.949( 622 %
[NO.1 H.F.0 TK (3) | 180-2181 1239.3 | 1214.6 | 1202.4 | 159.046] 6.949f 627 3
|NO.2 H.F.O TK (P) | Be-12&) 1141.5% | 111&.6 | 1107.4 | E5.892) 7.11720 3a5 i
ND.2 H.F.O TK (%) | EBE-1260 1141.5 | 1118.6 | 1107.4 { 865.692) 7.112§ 395 3§
IHO.3 H.F.O TK (P) I 52- B8] 593.9 | 5B2.0 | &76.2 | 57.377 2,352k 1126 &
INO.3 H.F.O TK (5) | 52~ 88| 593.9 | 582.0 | &§76.2 | 57.377| 2.352F 1176 E
|HFO SERV. TK(P) |- 44- 52| 59,3 | 58.1 | 57.5 | 38,213 13.1q2E 19 §
INO.1 HFO SETT. TK(P)| 48- 52| 122.5 | 120.0 | 118.8 | 40.0101 10.887k 112 ¢
INO.2 HFO SETT. TK(P)| 44- 48| 117.7 114.9 | 113.7 | 36.813] 10.850k 112 ¢
| k= -—f .- 4. = b= = ——— e e e — e B B '_.'."_'_:===========__=:=.':I=I=I=I‘ Fl:lr
| TOTATL I B24B.4 | &123.4

ant
o}
o
e
3
| -

To be used for calculation of
FSM (Free Surface Moment)

N seoul SDAL 306
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Water Ballast Tank

[5.G.= 1.025 ]

CAPRCITIES ] 1a0% FULL | |
| | LOCATION | - =~ == == m e e e e e e e e e m e —mmm | MAY., HT |
| COMPARTMENT | [FR.KO) | WVOLUME | WEIGHT | L.c.& | v.c.a | oF 1
| | | 100% FULL|100% FULL | FROM | ABOVE | IMERTIA |
| | [ RN | |TONNES} | A.F (M) B. LIMI | {M**4) |
[EEET - S b —————corrsramE -
|F.P TE [C} | 292-317) 22,9 | 535.9 | 240.444] E.QBDI 10% |
N1 W.W.B TE (F] ! 254-3@4d| 972.0 | $EE.3 | 212.092| B.0D3) 31z |
INOQ.1 W.W.B TKE {3] I 254=2B4| a72.0 | 9963 | 212.0%2| q.003) 31z |
IH0.2 AR W.B TH (Fl | 218-254) 228.1 1 5341.3 | 1AG.&645] 2.136] g6k |
IN0.2 /B W.B TK (5] | 218-254] 528.1 | 541.3 | 186.645] 2,136] BEE |
ING. 2 W.W.BE TKE (P | Z1E-254| 965 .2 | Q89 .3 | 187.8931 9,662 5TE
IHD.2 W.W.B TH (3) | £1E-254 | 65.2 | 989.3 | 167.893( 9,662 T8 i
ING. 3 DFB W.B TK (P) | la4-2181 a4 .3 | 3I£3,2 | 159.025) JESZ 1253 |
IWG, 3 VB W.B TK (5) | 184-Z18 354.3 | 3E3.2 1 15%.025] JB52 1253 |
|NO. 4 DFB W.B TH (P} | 144-180] i6Z.4 | 371.5 | 12%.D40| LB50) FUFE |
INC. 4 D/R Wl TE (S) | 144-180) a82.4 371.5 1 129,040 LB50] 1029
|HQ. 4 W.W.B TH [P} I 144-180| 1195.1 | 1229_% 1 128,458 B.430) 4795 |
I¥O.4 W.W.B TE {5] I 144-180| 118%.1 | 1229.1 | L2B.4858] 6435 475 |
'WO.5 DFE W.B TE (Pl | 12&-144] 181.2 | 185,77 | 107,680 B50{ 515 |
HO.S ISE W.B TE (5] | 126-144 181.2 | 185.7 | 107, 6ED| LB50] 515 1|
|HO.5 W.W.B.TH {(P) | 12e-144]| &05.8 | 621.0 | 107.718] 63591 250
IND. 5 W.W.B.TEIS] | 12&6-14414 &05.8 | e2l.0 | 107,714 6.391] 250 |
IHOLE D/B W.B TE (F) | 92-1Z2Z6 336.9 | 345.3 | BT 26hj L8981 a7l |
|MO. & /B W.B TK (5) | 92-126 136.% | 345.3 | 7. 263 LBE61 971 |
|NO. 7 W.W.B TK [P) | 52= EBAH| SO0G.& | 929.2 | h4.TH7| 8,176 TET |
[HO.T W.W.B T (5} I 52— BH| B06.6 | 920.2 | 54.797]| G_176] TET |
|B.B TE {C] I -2- 14 4552 1§ 466.6 | 6.016] 11.899| 3|87 |
i T R 5 e T I R S T T e |

TOTAL Po13801,3 1 14146.3 | |
Fresh Water Tank
(5.G.= 1.000 )
I 1 CABARCITIES | 100% FULL | |
| LOCATION | ---———————mremcsma==s o I MARX, T |
| COMPRARTHMENT JEFR.MO. )| WAOLUME | WEIGHT | L.C.G | W.C.& | ar |
I I {1008 FULL [1008 FULL | FROM | ARCWE | INERTIA
I | I (M**3) | {TONKES) | A.P (M)] B.LiM) | (M*=d) |
[z2mama= 0 e 0 5 e e e |
|F.W TH (P) | 5- 141 1729 | 172.9 | T 3281 15.113) 275
|F. W THE (%) I G- 14| Lag.a | 1a%.8 | T.634] 15.111] 295 |
| == s ccass e m - - T T R ======'—_______n--'-------‘-‘---’-------’--I
| TOTAL IeZ.7 iezr.7 | |
Heavy Fuel Oil Tank o amn |
| | | CAPRCITIES I |
| | LOCATION | ——=— s mmm e e e e ' s m e — = | MY . MT|
| TOMPARTMENT | [FR.HO. 11 VOLUME | WOLUME | WEIGHT | L.C.G | W.C.G | OF
| | LODRFULLI %8%FULL| 9BRFULLY FROM | ABOVE | INERTIA|
| | IM* 3] | (H**3) | (TONNES) | A.P (M) | B.L{My|){M**4)
|=::=::::::_-:_____u--.--—--------.------- R I I o s O R e
|NG. 1 H.F.O TK (P} VO1BL-278F 123%,3 | 1Z14.6 | 1202.4 | 159,046] €,.9499) 622
Hﬂl:l.'. H.F.O TK (3} 1B0-218] 12323 | 1214.6 | 1202.4 | 159.04& 8499 632
iNO.2 H.F.O TE (P} BA-126] 1141.5 | LL1E&.& | 1107.49 | BR.&Q2]  7.112| 105
¥D.} H.F.Q TK [5} I EE-12&1 1141.5% | L111@.& | 21@7.4 | EL. 6821 7.112] 3495
IHOL3 HoF O TH (P boB2- BAL 5B3,% | hBZ.O | BTE.2 | BT.ITT 2,352 1126
ING.3 H.F.O TH (5] | S&- BB 593,09 | REZ.0 | ATE.2 | ST.3T7T7 2,352 1126
| HESG SERV. TE[F] | 44- 52| 59.3 | 5.1 | 27.5 | F_Z13) 13.142) 19
| MG, 1 HFO SETT. TEIP)I q8- h2| 122.5% | 1x0.0 | L1E.8 | 40,0101 10.887| 112
|WG.2 HFO SETT. THIP)! 44- 481 117.2 | 114.9 | 113.7 | 36,8131 10,850 112
|- T S R SRS S NS A EEE e TN S S S S S S S S S S SSSS o CEEEEEE DS
| TOTAL | 62484 | 6123.% EOEZ.0 |

Diesel Oil Tank

[5.G.= 880 |
| i I CREACITIES ] 100% FULL | |
| ILOCATION |- === === === === mm e e IMAX. KT
| COMBEARTHERNT [(FR.NO. )| VOLUME | VOLUME | WEIGHT | L.C.G | V.C.G | OF |
| | | TOQRFULL| 98RFULL| 98RPFULLI FROM | RBOVE |INERTIAI
| | | (M¥*3] 1 (M**3) | (TONKES) | AP (M) B. LiMp (W *4] |
st i = R TR R R T TR T R b e et EECEEXL |
ID.0 SERV. TK (P} | 14- 29 56.1 1 55.0 | 47,3 1 21,2000 13.!21| 12 1
0.0 STOR. TE (P} | 24= 29| isd.3 | 351.2 | 02.0 | 16 855 15,800) 125
| TOTAL Podl4e.4 | q0e.2 | 149.3 ) |

Lubrication Oil Tank

(5.G.= .90 )
| | | CRAPACITIES | 100% FULL |
I | LOCATION | == =s=mmmmmmm e mm oo o trmrm—ma- “[HAX. MT|
| COMFARTHENT | {FR,HO_) | WOLUME | VOLUME | WEIGHT | L.C.G | V.C.G | @F I
| | 1008FULLI] 94%FULLI 98%FULL| FROM | ABOVE | INEETIA
| | {M**3} | (M**3] | |{TONNWES)| A.P IH:I' B LMy iM=*g}) |

|¥/E L. SUHP TEGCY | 29- 48] 30.4 | 48,6 | 44,6 | 29.21a| 1.222] 27
|¥/E L.0 SETT. TK(S] ! 3%- 421 41,7 | 40.8 | 2E.0 31,2111 13.4821 4
IM/E L.O STOR. TK{s] | d2- 5| T0.B | &®.9 | 62.5 | 37.607] 13.427] 6 |
WO, 1 CYL.OIL TH(S) | 25 29 130.F ¢ 127.6 1 114.% 1 21.617| 12.865] 131 |
Mo.2 CYL.OIL TKIS) | 25] 121.1 1 118.7 | 10é.4 | 1B.422| 13,0411 131
GFE L.0 SETT. THIS) | 13- 19 54.2 1 83,11 47.8 | 14.407| 13.279] 65
G/E L.0 5TOR, TKfSJ | 1%= 21| 56.8 | 55.7 | 50,1 | 16.006] 13.1B2] B5 |
=ttt F 3t IR P R R Ry R U —— - I O ".l:_—'.'lj'.'______________l
TOTAL 525.4 | 514.9 | 43,5 | |
Miscellaneous Tank
| | | CRPACITIES | 1o0% FULL | |
I | LOCATION]| -==-m—mmmm e mm e g mmmsme——— e | MAX. HT |
I COMPARTMENT 1 VaLUME | L.C.G | V0.6 | ©OF
| 1 190% FYLL | FROM | ABOVWE | INERTIA
| | FRAMES | (Mv 83 [ AP [M)] B.L{M) | (H**d)
S e L e e R ] bt bl g b bt 4 -4+ttt + 1T F T T T T T ---——l
| SEWAGE HOLDING TH(F) | 32- 34 8.1 | 2E.402] 13.452 | i
|BILGE HOLDING TEIC) I 14- 25 £2.4 | 16.27%) 1.478 | 75 |
[5/T L.O DRAIN TEIC] 1&- 25| i | 18,8001 1.6%5 | 1
|RESIDUE TK(%| 19- 44 25.0 | 30,877 1.754 | 10
IDIRTY OIL TK (5} foo29-  3a| 46,10 | 26.D4Z] 13.549 | 4 |
L-0 SLUDGE TE(P) |37 33 1.4 | 30,4922 10,570 | 2
HFGO SLUDGE TE(P) | 3x- 43 56.E | 3IL.17&] 10,148 1 al |
C.F.W DRAIN TEIS) | 44- A7 4.4 36,433 1.6EE | £l
|HFO/LD LERK O.TE(P) |29~ 36 7.4 | 2R.438] 1,836 | 1
oW TE (S} | 13- 14 35.5 I O_4RO|  3.584 | B
|F.0 OVERELOW TK I 36 50 45, % | 35.974] 1.535 | 28 |
PSTUFF.L.Q DRRIN TH(P} (] 26| 4.4 | #4031 1.428 | 2|
|STUFF.L.O DRAIN TH(E] | 3h- 2| 4.4 | 204037 1.428 | |
|"——1'---'---P" _____ LA e e P P R P D R D L R L L L L L
5.4 307

| TOTAL |




3,700 TEU Container Ship : Example of Stability Calculation

-Tank Summary Table

LCG. : Longitudinal center of gravity of cargo
Y LCG; x pV, |

LCG,,; = <4=| p  :Density of cargo
® o DWT P

V. : Volume of cargo

Z LCG; xW, <= |LCG; :longitudinal center of lightweight

LWT W, : Distributed lightweight
in longitudinal direction

@ LCGLWT —

{ LCG,,,; is variable based on Loading Condition.

LCG,r : Location of LCGy is fixed.

LCG,,; x DWT + LCG,,,; x LWT
A

. LCG =

20009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship
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Example Of Stability CaICUIation LIGHT WEIGHT SUNMARY
of 3,700 TEU Container ship @~

. . , . .
-Lightweight Summary L e O N
NO  AFT END FORE END  WEIGHT L.C.G MOMERT
(| T I I I I I I (I B | 1 -5,000 14,1350 616.00 7.000 43132.0
1 - - 1 1 1 1 1 1 1 1 2 14.350 43.400 1387.10 31.400 431554.49
1 L1 ! I I ZF I I I " 3 43,400  232.320 7591.50 128,620 976418 .7
! 1 1 1 1 1 1 1 1 1 1 h 4 232,320 253,240 732,30 239, ZE0 1Th334.7
| 1 1 1 1 1 | 1 1 1 I I [ 5 27,200 41,600 i76.40 35800 170551
l\i 1 1 1 1 1 I 1 1 1 1 1 :/ v fi L0 H45, 240 in.on 122,620 EL i
Sl 1 1 1 1 1 1 1 7 43,400 332,320 340.00 134, 200 45628.0
!ZI ool o b I) — B -3.600 232,320 119.00 114, 400 13613.6
NN I I I i I I 1 11y - o =3.400 2.400 151,80 aoa .0
i T 1 ] ] ] | ] ] ] T 1 ﬁ 10 000 252,240 224.00 120,000 26880.0
| I I I I ! I I | | | X 11 203,240 232,320 137 .90 217.000 29924 .13
| ' | 12 43.400  202.240  1053.00 121.700 128150.1
AP FP 13 143, 280 146, GED 55.00 144,980 78731.49
14 0. 480 T3.880 55.00 Ta.180 1969,9
TONNES LIGHTWEIGHT DISTRIBUTION DIAGRAM 15 14,350 232,320 115,90 114,360 13254.3
14 =% 600 232,300 128.00 114.360 14638.1
2400 /I:ngine 17 232,320 245,740 118,30 336,600 2H26.4
2200 N A 13 16. 000 170,000 3.00 41.000 243,10
’ 14 =5 000 {000 .00 = 500 =250
2000 20 29,000 41,600 15.50 37.100 £75.0
M -3.500 4.000 19,20 Q0D .0
180.0 22 4. 000 11.200 34.30 T.600 0.7
23 41600 173,900 2. 50 106, a0 6610.0
160.0 Bow Thruster 24 236,160 232,320 2040 220240 16765
IR 25 239.000 241,000 540 241,000 1301.4
1400 “mergency Pump 36 11.200 232,320 35.20  121.700 4770, 6
1200 rane 27 11.200 232,320 191,30 121.700 132818
' \ 2B 27. 200 41.600 21450 16.000 1922.0
100.0 \ 20 23,230 17,600 a7a.,Dd 10,400 AA761 .6
\ 10 11. 200 41.600 289, 50 22,000 6369.0
80.0 11 5,000 23.230 111. 340 i1.200 1246.6
M 12 12.000 41600 150, 7o 28000 4319 6
600 | 33 11,200 41.500 156,60 78,000 1440, 8
00 ——— 14 11,200 11_600 4590 28,000 26852
' l 15 11,200 214,480 165,00 114,240 1RE49 .6
200 i 27,200 41.600 &.50 36,000 6.0
\ 3T 11. 200 41,800 d§3.00 30,000 1290.0
0.0 A 27,200 41,600 4,30 36, 000 154 0
0 25 50 74 99 15 150 175 20 226 251 276 01 36 RNC 33 27200 41 500 570 oyl 000.an, 205.2
2009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship oo e = ————————— i
o = — e - B LIGHT SHIP TOTAL = 1509810 » 103.228 %51446.5 309
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3,700 TEU Container Ship : Example of Stability Calculation
-Hydrostatic Table

Draft Mld : Draft from baseline , moudled (m)

Disp.MId : Displacement moulded (m3)

Disp.Ext : Displacement extreme (tonnes) S.G. = 1.025 (s.. specific gravity)
VCB : Vertical center of buoyancy above base line (m)

LCB : Longi. center of buoyancy from midship ( Sign : - Aft / + Forward)
LCF : Longi. center of floatation from midship ( Sign : - Aft / + Forward)
KM; : Trans. metarcenter height above base line (m)

KM, : Longi. metarcenter height above base line (m)

MTC : Moment to change trim one centimeter (Tonnes-m)

TPC : Increase in Disp.MLD(ton) per one centimeter immersion

WSA : Wetted surface area (m?)

Cg : Block coefficient

Cyp : Water plane area coefficient

Cy : Midship section area coefficient

Cp : Prismatic coefficient

Trim

NENNAERERNANNRNRNANANE

2009 Fall, Ship Stability
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IDF!AFT DISP DISP LCF  LCE “CBE TRPC MTC  KML  KMT  WSA CRAFT DISP DISF LCF  LCB WCB TPC MTC  KML  EMT WSA

tLD LD ExXT CE CP C Chd MLD LD EXT CE cP o Ch
[kd] [+43] [T] [k4] [W] (W] [T] [T-M] ] [kd] [M2] [kd] [k3] [T] [hd] [K]  [M] [T [T-M]  [M] [hd] k2]

500 11326,7 116937 -3.33% -3352 163 467 4792 10165 2583 51147 0474 0506 0572 0937 525 223515 230160 -285 -517 287 530 S59z5 6404 1759 64551 0534 0555 0645 0963
505 118627 119362 -331 -332 166 469 4821 10018 2357 51453 0475 0507 0574 09338 5,30 PEE1Z24 232841 -286 -317 2490 531 5946 6353 1751 64870 0535 0556 0649 0963
310 117888 121787 -330 -332 168 471 4849 9877 2332 51758 0477 05089 0576 04938 535 225735 23552z -286 -516 295 552 59585 6304 1744 E5159 0536 0557 0651 0964
315 1205349 124212 -328 -3352 171 472 4877 9741 25038 S2063 0479 0510 0578 0939 5,40 31346 230203 -286 -316 295 533 5939 6256 1736 E944,.8 0537 0557 0652 0,964
5,20 122710 126636 -326 -331 1,74 474 4305 8610 2286 525368 0451 0512 0,550 0,940 5 45 733957 240854 -286 -516 295 554 6010 6208 1729 65737 0535 0558 0653 0964
525 125071 129061 =325 -331 1,77 475 49 C B16.2 1722 EE0ZEG 0533 05539 0655 0965

onstant ¢
530 127432 131486 -323 -331 1,79 477 49 E11,7 1715 E631,4 0540 0560 0ESE 0,965
335 129792 13311 -321 -331 1,82 479 49 B07.3 17.03 66603 0542 0561 0657 0,965
540 132153 136336 -320 -330 1.85 430 =00 _ 1 1 E030 1702 E689,2 0543 0562 0659 0,966
345 134514 138761 -318 -3.30 183 452 50 ThICkneSS Of hu' I ShOUId be InCIUded " Sag8 16496 67181 0544 0563 0660 0,966
550 136875 14118 X 1 .025 X C S0 _ H 5946 16490 67470 0544 0564 0661 0,966
555 1539236 14361 51 Buoyancy due to appendages ShOUId be InCIUded | S90E 1684 E77S9 0545 0564 0EE3 0,966
360 141587 146035 -3 , 196 486 51 S866 1673 63047 0546 0565 0664 0,967
365 143957  1484E6,0 mg 48,8 5159 8626 2118 55114 0495 0522 0597 0947 5,90 257456 2B5M1,3 -288 -512 325 544 B201 S8ET 1673 E833.6 0547 0566 0EES 0967
370 146315 150835 310 323 202 430 5158 8534 2102 554189 0436 0523 (0599 0945 5 95 G006 7  PETEQ4 -2A88 -312 3525 G545 G2F3S 5730 1668 63625 0548 05T 0667 0967
3 HED
2] onaFT  DisP p1sP VOB LCB LGP KMT  KML  MIC TPC WSA  CB CW CP CN e
% =

() WLDIM3) EXT{T) (M) (M) (b (e (W) (T-M)(TON) (M) os
3 HED
o 375 14919.7 154008 2,095 118.304 110 002 21.891 B38.95 5256 49.7 5602.1 5072 6127 .5421 G356 e
4, . . , b
“{ 3.80 15160.8 15648.4 2.051 118.403 119.048 21.524 830.42 528.6 49.9 5631.7 .5086 .6145 .5431 0364 [
*] 3.85 15401.8 15896.1 2.076 118.412 119.093 21.362 822.15 531.6 50.0 5661.4 5009 6163 .5441 9372 "
.| 3.90 15644.8 16145.8 2.103 118.422 119.132 21.201 813.71 534.3 50.1 56808 5113 .6180 5451 9380 [,
i

2] 3.95 15891.1 16308.8 2.133 118.434 119.159 21.037 804.83 536.7 50.3 5719.8 .5127 .6196 .5462 9388 pw
4, 700
4,40 180475 185963 -294 -324 240 509 55472 7404 1916 59604 0514 0538 0623 0956 E.ES 207045 S0ES89 -328 -31Z2 3EB4 550 BS533 5314 1602 YEZELRAQ 05E2 0579 0OES4 0971
445 182072 188829 -293 -324 243 511 5565 7334 1905 59839 0516 0539 0EB25 0,956 6,70 300662 209375 -33 -312 367 G560 G556 S284 1598 T2047 0563 0530 0685 0971
4,50 185471 191095 -292 -323 246 51,2 5588 7266 1894 60193 0517 0540 0626 04957 6,75 03375 FM260 -334 -312 370 561 6578 5255 1584 T3235 0564 0530 0,637 0,97
455 187969 193661 -291 -323 248 51,3 5611 7200 1884 60487 0518 0541 0E28 0,957 6,80 06086 14946 -3.37 -312 372 BEZ BEOO S2ET 1591 YISEI 0G5BS 0531 0688 0971
460 190466 19622 -281 -322 251 514 5634 T35 1874 607432 0518 0542 0623 04958 6,85 aosa01  ATIIEZ 340 -312 375 563 6622 51949 1587 731 0565 0532 0653 0872
4,65 192967 198793 -290 -322 254 51,6 S657 TFO7S 1864 E1076 0520 0545 0631 04955 5,90 311514 32051,7 -543 -312 378 564 BB45 5172 1584 7T4099 0566 0553 0690 0972
470 195466 201559 -289 -321 257 51,7 GBS0 7011 1854 E1571 0522 0544 0,652 0959 E,95 42T 323303 -346 -312 381 565 BRGT 5145 1581 74387 0567 0533 0692 04972
475 197964 203925 -288 -321 260 51,8 5703 6952 1845 61665 0523 0545 0,634 0,958 .00 e840 326089 -349 -312 384 566 6639 5118 1575 T46T7.5 0568 0534 0633 0972
4,80 200465 206491 -287 -321 262 519 S7T26 6894 1836 61959 0524 0546 0635 04959 7.05 $9ys1 328975 -354 -515 386 S6T E6V1.2 5091 1574 T4965 0569 0535 0694 0972
4,85 202962 209057 -287 -320 265 521 5749 E837 1827 EB2254 0525 0547 0637 0960 T10 328562 331861 -359 -313 389 568 6735 S065 1571 TSES4 0570 0536 0635 0973
4,90 05461 211623 -286 -320 268 S22 5773 6782 1819 62548 0526 0548 0633 04960 715 325575 3¥T4TY -364 -514 392 569 EVSS 5039 1567 TSS4,3 0571 0587 0697 0973
4,95 207959 214189 -285 -319 271 523 ST9E ETZE 1811 62843 052TY 0549 0640 0951 720 328184  3S53¥E353 369 -315 395 570 6Y8E2 SO01,5 1564 Y5833 0572 0538 0635 0973
500 210455 216755 -284 -319 273 524 5319 6675 1803 63137 0525 0549 0642 0951 725 30995 340519 -375 -315 397 571 EB0S 4988 1561 YE12Zz 0573 0588 0699 0973
505 213069 219436 -285 -318 276 525 S840 E615 1794 63426 0529 0550 0643 0961 7.30 333806 343404 -380 -316 400 ST2 GRS 4964 1558 TE41.2 0573 0589 0700 0973
510 M568,0 22R1Y -285 -318 279 G527 5861 6563 1785 63715 0530 0551 0644 0962 7.35 336617 346290 -3.85 -317 403 573 B85 4939 1555 WEYO1 0574 0590 0701 097
515 218291 224798 -285 -318 282 G525 5883 ES08 1776 B4004 0532 0555 0646 0962 740 339428 349176 -390 -317 406 S57T4 BATA 4916 1552 TE990 0575 05M 07 311
520 220902 22V4Y9 -285 -317 284 529 5O04 B455 1T7EE B4E9Z2 0533 0554 (0EB47 0,963 745 342239 352062 -3,95 -315 408 575 BEOY 4892 1549 YVEE0 0576 0592 07 /616



3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (1)

= Lightship condition : Condition that loaded nothing

- ~{ = ] | -
e I A - | — ] —
PL_AN
T — | I J' I e
ey
| P =

2009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (2)
W Calculation of MTC

ORAUGHT  F . F = 1.9286 M | HooM T = 21,2498 M
ORAUGHT  MIDSHIF = 3. 806 M KG  (SOLID) = 13 200 M
ORAUGHT &4 P = 6. 0BG M GM  (50LI0) = H.096 M
TATM BY STERN = 4,980 M FREE SURF . CORA . (GGo) = Qoo M
FAOPELLER I/0 = 740 % GoM (FLUTID) = HoO0SE M
DISPLACEMEMNT 156998 1 | KGo ACTUAL [FLLUTON 13.200 M
ORAUGHT AT LCF J.B71 M @THLW (OIS=A) S (MTC®100) = 4.860 M
LCE FROM AP = 118 . 416 ™ FHEE SUHF MO = 0 T-M
LLCG FROM AP = 103 . 228 M M.T.C. = 532.8 T-M
TRIM LEVEH L = 15,188 M LCF FROM A F = 19110 M
In hydrostatics table

DRAFT D15 Dise VOB LCB L.CF KMT KML MiC  TPC WoA CH CW CP CM

(M} MLD{M3) EXT{T)} (M} (M) (M) (M3 (M) (T-M) (TON)  (M2)

3.75 149197 15400.8 2.025 118.394 119.002 21.691 B38.95 525.6 48.7 5602.1 .5072 .6127 .5421 .9356

380 1S1E0 B 1ERAR A D (E1 118 ANT 110 QA8 D1 £04 B0 A9 B8 £ AQQ  ERa) 7 BN : i _

3.85 15401.8 15896.1 2.076 118.412 119.093 21.362 8B22.15 531.6 50.0 5661.4 5099 .6163 .5441 9372

3.90 15644.8 16145.8 2.103 118,422 119.132 21.201 813.71 534.3 50.1 5680.8 5113 .6180 .5451 .9380

Soda TSI T 1BAEE.8 20000 e 458 1TR 108 ST.U30 gld B3 San./ S0 3 o719.8 580 b18E6 | odb2  9EEH

By linear interpolation, draft at LCF =3.871,

o_ AxGM_ _ AxBM, _15998.1x816.203

VCB(= KB) = 2.087[m],KM, =818.38[m]
[ (BM, =KM, —KB =818.38-2.087 =816.293)

 100x LBP

2009 Fall, Ship Stability

“100xLBP

- Stability Calculation of 3,700 TEU Container Ship

100x 245.24

=532.5[T - m]

313
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (3)

M Calculation of Trim

ORAUGHT  F P = 1.926 M | (R = A1 2498 M
ORAUGHT  MIDSHIF = i 8H0E M [ KG (S0LID) = 13 200 M
DHAUGHT 4P = B.OHG M GM  (S0LTI0) = H.096 M
TATM BY STERN = 4 98B0 M FREE SURF . CORA . {GGo) = 00 M
FAOPELLER I/0 = J4.0 & GoM (FLUTD) = HoO0SE M
DISPLACEMEMNT = 15998 1 1 (){HH ACTUAL [FLUID] 13.200 M
()GHhUHFW AT LOF 3. B71 M THIM (DIS#A) / (MTCx100) = 4.860 M
LCE FROM AP = 118 . 416 M FHEE SUHF . MOM = 0 i
LLCG FROM AP = 103 . 228 M M. T.C = 2328 T-M
IHIM LEVEH i = 15 188 M LCF FROM AP = 19110 M

@ Trim Lever =LCB-LCG =118.416-103.228 =15.188[m]

® Trim[m]= AxTrim Lever _ 15998.1x15.188 _ 4.560[m]
MTC x100 532.8x100

=
O
®
-9
—p
i
O
T
SanN
K<

% 42 : L‘%3B

i _ e
AP Trim Lever l«—» FP 314

2009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship /616



3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (4)

B Calculation of Trim forward, Trim aft

. ORAUGHT  F P = 1.926 M | (R = A1 2498 M
ORAUGHT  MIDSHIF = i 8H0E M KG  (SOLID) = 13 200 M
DHAUGHT 4P = B.OHG M GM  (S0LTI0) = 3.086 M
TATM BY STERN = 4 98B0 M FREE SURF . CORA . {GGo) = oo M
FHUPELLER 170 = FE VI GoM (FLUTD) = HoO0SE M
DISPLACEMEMNT = 15998 1 1 KGo ACTUAL (FLUID) 13.200 M
ORAUGHT AT LCF J.B71 M THIM (DIS#A) / (MTCx100) = 4.860 M
LCE FROM AP = 118 . 416 M FHEE SUHF . MOM = a i
LLCG FROM AP = 103 . 228 M M. T.C = 2328 T-M
IHIM LEVEH i = 15 188 M LCF FROM AP = 19110 M

LCF T
LBP : Trim=LCF : 5,

2009 Fall, Ship Stability - Stability Calculation of 3,700 TEU Container Ship

_LCF

xTrim

xTrim

d,=d, +5,=d, + "
LBP

=3.871+ 119.110 x 4.560
245.24

=6.086[m]
d, =d,—Trim
=6.086—-4.560 =1.526[m]

315
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (5)

B Calculation of GM, KG

CRALGHT F o = 1.928 M (j R = 21 2498 M
ORAUGHT  MIDSHIF = 3 80 M | KG (SOLID) = 13 200 M
OAALGHT & P = b OBD M G (SOLID) - 5. .0496 M
TATM BY STERN = 4. 5960 M FREE SURAF . COBA . (GGo) = ao0 M
FRAJPELLEA I/D = 74 .0 % GoMm (FLUTD) = Hq.096 M
DISPLACEMEMNT = 159094 1 |1 KGo ACTUAL (FLUTON - 13200 M
ORAJGHT AT LOCF J. BT M THIM (OIS#*A) S (MTCx100) = 4. 860 M
LCR FROM AP = 118 . 416 ™ FHEE SUBF . MO = 0 T-M
LCE FROM AP = 103 228 M M. T O = 532 .8 T-M
TRIM LEVEHR [ = 15 188 M LCF FROM & P = 19 110 M
® M b KM; : Given in hydrostatics table (KM; = 21.296 [m])
\e
KG : Calculation from distribution of LWT and DWT
— (KG =13.2 [m])

= Go-c¥4% GM = KM; —KG (GM = 21.296 - 13.2 = 8.096 [m])
gt 1B (

N
KA
" KGo = KG = 13.2

- Stability Calculation of 3,700 TEU Container Ship

GGo =0 ('-'No liquid cargo in lightship condition)

2009 Fall, Ship Stability
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Lightship Condition (6)
W Stability check

STABILITY CURBVE ‘ x%xIMO A-749 (18] CHAP.3.1 CRITERION®X
g [ - _—
- | ACTUAL RED
| MIN . GoM 8096 0150 M
] 1.:;' D ! _— ____..-___.'. !
| 1 ‘ AREA  0-730 449  0.055 M-AAD
| | —
- A A O-40 (87 T 236 0. 000 M-AAl
| | AREA 30-40 (67) 387 0 .030 M-RAD
5.0 | ﬁ“”.~fw : MAX . GZ 2. 352 0.200 M
I ’ “ - . - 1L \ ~
| fﬁf,* MAX . GZ DCCUAS A 27 2 25 00 DEG
_ o0 et FLOODING ANGLE IS 30 0 DEG
= R 04 g ‘
-
| %%IMO A-749 (18] CHAP 3.2 CRITERIONXX
A ] WIND AREA 4843 M2
| - B
AOLL ING BERIOD 10.4 SEC
! — AAEA & 914 . b = 1,323 M-RAD
- Tw 1 : 203 lwe = 304 M
. | a0 = 1.4 , B1 = 29.3 DEG
i __"L é | -6 0 az = 50,0 . Bc = 75.1 DEG

T Al 5 2 AT T /616



3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Ballast Departure Condition (1)

= Ballast Departure condition : Condition that loaded ballast water and consumable cargo

= =] PROFTLE

[ Jcontainern E= Bauiast B covsumnsLe

%, seou/ 318
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3,700 TEU Container Ship : Example of Stability Calculation

-Loading Condition : Ballast Departure Condition (2)

M Calculation of MTC

ORAUGHT F P = 5.593 M KM = 15 728 M
ORAUGHT  MIOSHIP = 5.998 M KG (SOLID) = 9.584 M
ORAUGHT AP - 8.443 M | GM (S0LID) = 6.144 M
TAIM BY STERN = 2,890 M FREE SURF. CORR. (GGo) = 177 M
PROPELLER 1/D = 105.1 % GaM  (FLUID) = 5,967 M
DISPLACEMENT - 32960.1 1 KGo ACTUAL (FLUTID) = 9.761 M
DRAUGHT AT LCF 7.044 M C)iHIM (DIS*A) / (MTC*100) = 2.890 M
LCB FROM AP - 118.9710 M FREE SURE  MOM = 5847 T-M
LCG FROM AP - 113.116 M M.T.C = 561.3 T-M
THIM LEVER : A = [.784 M LB FHUM A F = T8 7S ™
@ In hydrostatics table
DRAFT  DISP ODISP VOB LCB LCF KMT KML MIC  TPC WsA ce Cw CP CHM
(M) MLD(M3) EXT(T) (M) (M) (M} (M) (M) (T-M} (TON}  (M2)
7.00 31782.0 32730.5 3.802 118.912 118.753 15.763 498.01 659.6 56.4 7422.2 5770 .BU45 5976 9655
7.05 32056.1 33012.2 3.829 118.910 118.701 15,724 495.22 B61.5 56,5 7450.0 .5779 6056 .5983 .9658
O 324372 332800 3,828 118,907 118,639 15,686 492 .45 B663.4 H6.5 7478.0 5787 .6966 .5891 9660
T15 32608,3 33579.8 3.886 118.903 118.577 15.64% 489.74 £65.3 56.6 7506.0 5796 .BO77 5998 9662
7.20 32884 4 338636 3.814 118.900 118.516 15.613 487 .07 667.2 56.7 7534.1 5804 G987 6005 9665

By linear interpolation, draft at LCF =7.044, VCB(= KB) = 3.826[m], KM, = 495.55[m]

r(BM . =KM, — KB =495.55-3.826 = 491.724)

_ AxGM, _ AxBM,  32980.1x491.724
100x LBP  100x LBP 100 x 245.24

2009 Fall, Ship Stability
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Ballast Departure Condition (3)

M Calculation of Trim

ORAUGHT F P = 5.583 M KM = 15.728 M
ORAUGHT  MIOSHIP - 6.998 M KG (SOLID) = 9.584 M
DRAUGHT AP = 8.443M | GM (SOLID) = 6.144 M
TAIM BY STERN = 2,890 M FREE SURF. CORR. (GGo) = 177 M
PROFELLER I1/D = 105.1 % GoM (FLUID) = ) 967 M
DISPLACEMENT - 32980 1 T |@)KGo ACTUAL (FLUID) = 9.761 M
(D0RAUGHT AT LCF 7.044 M TRIM (DISxA) / (MTC*100) = 2 A90 M
LCB FAOM A P - 710 910 M FREE SUAF . MO = GHAT T-M
LCG FHOM A P - 113.116 M M. T = 561.3 [-M
TRIM LEVER @ & = 5. 7834 M LCF FROM A H = 118 7070 M

@ Trim Lever =LCB-LCG =118.910-113.116 =5.794[m]

AxTrimLever 32980.1x5.794

2009 Fall, Ship Stability

- Stability Calculation of 3,700 TEU Container Ship

® Trim[m]= = =2.890[m]
MTC x100 661.3x100
| | |
— LCG @ [ iicr / v
I N —
% 42 .L?B Jin
AP Trim Lever:h—>: @ -
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Ballast Departure Condition (4)

B Calculation of Trim forward, Trim aft

HORAUGHT F P = 5553 M | K.M.T - 15.728 M
ORAUGHT  MIOSHIP = 65.998 M | KG (SOLID) = 9.584 M
ORAUGHT AP = 8.443 M |1 GM (SOLID) = 6.144 M
TRIM BY STERN = 2.890 M FREE SURF. CORA. (GGo) = 177 M
PAOFELLER 170 = 05 T % GoM [FLUTD) = 5,967 M
DISPLACEMENT - 329801 7 KGO ACTUAL (FLUID) = 9.761 M
DRALGHT AT LCF = 7.044 M TRIM (DISxA) / (MTC*100) = 2,890 M
LCB FROM AP - 118,910 M FREE SURF . MOM = 547 T-M
LCG FHOM A P - 113.116 M M.T.C = 561.3 [-M
TRIM LEVER @ & = 5. 7834 M LCF FROM A F = 118 _ 707 M

0, = xTrim
d,

d,=d, +0, =d,, + - xTrim
LBP

—7.084+ 218797 5 890
245.24
________ —8.443[m]
LCF T i d —d _Tri
LBP : Trim = LCF : 4, r =G
—8.443—2.890 = 5.553[m]

- Stability Calculation of 3,700 TEU Container Ship
et — = “ e a1
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Ballast Departure Condition (5)

B Calculation of GM, KG

ORAUGHT F.P - 5653 M G KM - 15 728 W
ORAUGHT MIDSHIP = 6.998 M || KG (SOLID) = 9.584 M
ORAUGHT AP = 8.443 M | GM (SOLID) = 6.144 M
TRIM BY STERN - 2.890 M FREE SURF. CORR. (GGo) = 177 M
PROPELLER 1/D = 1051 % GaM (FLUID) - 5 967 M
DISPLACEMENT - 329601 1 KGo ACTUAL (FLUID) - 9.761 M
DRAUGHT AT LCF - 7.044 M TRIM (DISXA) / (MTC*100) = 2.890 M
LCE FROM AP - 118.9710 M FREE SURF . MOM . BRA7 T-M
LCG FAOM A.P - 113,116 M M.T.C = G61.3 =M
TRIM LEVER @ A = 5,794 M LCF FROM A F = 114 707 M
® M b KMT : Given in hydrostatics table  (KM; = 15.728 [m])

o

KG : Calculation from distribution of LWT and DWT
— (KG =9.584 [m])
= G% GM = KM; - KG (GM = 15.728 - 9.584 = 6.144 [m])

N
K \ C

- Stability Calculation of 3,700 TEU Container Ship

GGo = 0.177

-~ KGo = KG + GGo = 5.967 [m]

2009 Fall, Ship Stability
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3,700 TEU Container Ship : Example of Stability Calculation
-Loading Condition : Ballast Departure Condition (6)

(M}
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Calculation Method 1.
: Added Weight Method*

“The water that enters damaged compartment is considered
as an added weight with no loss of buoyancy.”

~axdd

W1 - i Y 8d 7‘—1

e o de

LCF
Weight of seawater due to damaged compartment W = (V +a-od ) .1.025
Increased weight due to immersion b= ANP -od -1.025
w=b Ayp - Waterplane area of the ship

(V +a- 5d) .1.025 = A\NP . 5d .1.025 (Including waterplane area of the

damaged compartment)

Draft Change due to damaged compartment a : Waterplane area of the damaged compartment
V d : Draft before the compartment is not damaged
5d = od : Draft change due to damaged compartment
ANP —a v : Volume of damaged compartment below waterplane

» Assume that weight of the ship and center of the gravity of the ship change,

and Waterplane area of the ship does not change.
2009 Fall, Ship Stability - Damage Stability
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Calculation Method 2.
: Lost Buoyancy Method*

The water that enters damaged compartment is considered as still
part of the sea, and the buoyancy of the flooded space is lost.
And the loss of buoyancy is recovered by immersion.

raxdd

Loss of buoyancy LCF
( Seawater flowed into damaged compartment is considered as part of the sea)

Ayp - Waterplane area of the ship

V = ( A\N _ a) . 5d (Including waterplane area of the damaged compartment)
P a : Waterplane area of the damaged compartment

V d : Draft before the compartment is not damaged

ad : Draft change due to damaged compartment

ANP —a v : Volume of damaged compartment below waterplane

» Assume that weight and displacement of the ship and center of the gravity of the ship does not change,

and waterplane area of the ship changes.
2009 Fall, Ship Stablllty - Damage Stability
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Damage Stability
- MARPOL Regulation for Damage Stability

Righting Arm
(G2)

!

MARPOL 1973/78/84 Annex /25

To be greater than 0.0175 [m-rad]

I _ To be greatertgan 0.1 [m]
Equilibridim Point

(Within 25°~30° )

Angle of Heel(¢)

7 N -
* ¢ : An angle of heel at which
P é

openings in the hull
I &y - Angle of maximum righting arm
To be greater than 20° f

a) The final waterline shall be below the lower edge of any opening through which progressive flooding
may take place.

0

b) The angle of heel due to unsymmetrical flooding shall not exceed 25 degrees, provided that this angle
may be increased up to 30 degrees if no deck edge immersion occurs.

c) Righting lever curve has at least a range of 20 degrees beyond the position of equilibrium in association
with a maximum residual righting lever of at least 0.1 meter within the 20 degrees range

d) The area under the curve within this range shall not be less than 0.0175 meter-radians
.20-09 Fall, Ship ?t_ability - Damage Stability

= =MARPOL 1973/78/84 Annex 1/25 §
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Damage Stability
- Damage Stability Criteria in Battleship*

Regulation

@ (Initial Angle of Heel) <15° A, > 1.4-A,

,Righting

Lever!
|

GZ; Righting Arm Curve

|
HA; Heeling Arm Curve

| \

A;

\\

$=min(45°, )

! | | | | | -
20 30 40 }I 50 Angle of heel(¢)

¢ = 8o @ : Angle of heel in transverse wind
r

(It varies depending on displacement, ¢, = 8° in case of
battleship with displacement of 9,000 ton)

@ : An angle of heel at which openings in the hull

2009 Fall, Ship Stability - Damage Stability
I [ e e ' g

* Surko, S.W., “An Assessment of Current Warship Damaged Stability Criteria, Naval Engmeers Journal 1994. |
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Examples
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Problem> Calculation of Position of Ship
with damaged subdivision

Question) The compartment of a ship

(L=300m, B=20m, GM=3m, d=6m) is

damaged as shown on following picture. Calculate position of a ship by
the added weight method and by the lost buoyancy method.

}300 20 }
i i
d : :
! !
i 6 |
| \\ !
le : N :
B.L 55" \VO . B.L
Side view Section view
300
o IS K P I R N
Im
le N
! 60 ! Top view
20009 Fall, Shlp Stablllty - Dama _. - S Ol ki 11
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Problem> Calculation of Heel Angle of Semi-Submersible Rig
with damaged subdivision

Question) Semi-submergible drilling rig is in sea water as shown in the
picture. Assuming that one of the 4 columns is damaged, calculate an
angle of heel by the added weight method and by the lost buoyancy
method. (KG=11.0m)

Side view
1
— | [ —
=l - |= | H]
| |
i i
! : Y TO
Top view i i
| i \
- L . . | I =1 _
- | L
(t\_L ___________ s v Section view
N .
““““““““““ | [D
B —| i =
| |
| |
___________________ | | |
e \D 77N \ i |
(\{(//L ........... _L\:/_/\__jb I B h - ih
IA r—
| p L
| =}

20009 Fall, Ship Stability = - Damage Stability GlldI11.2
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Problem> Calculation of draft of barge
with damaged subdivision

Question] When No.1 and No.2 compartments of the barge are damaged
and bilged, explain detail procedure of finding final draft with figures.

. L 4y .
2 Compartment 1
B
X
C - docomen >
4 3
AP Plan view FP
’ y
| D
: T
| v
¢
.20_09 Fall, hip ;bility - Damage Siit - ec'ti Ve Ofi Kl12.2
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Problem> Calculation of draft of ship
with damaged subdivision
Question) There is a ship of L=100m, A,= 2,000 m?, I, ,,(at Midship) =

1,567,000 m*, LCF=-3m ), T=8m, KG=7m, KB=5m. Each sectional area is
given by the following table.

Station AP|12 1 2 3 4 5 6 7 8|9 9, FP

Area(m?) 0 50 | 110 140 160 180 180|180 150 120 80 | 30 O

When compartments from A.P to No.3 station is bilged, calculate
draft forward and aft.

( Area of bilged compartment a=320m?, i (at centroid)=4,100 m*, Icf=-28 m, Bilged
compartment Kb=6.5m)

20009 Fall, Ship Stability = - Damage Stability
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