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Ship Stability

M Ch. 1 Introduction to Ship Stability

M Ch. 2 Review of Fluid Mechanics

M Ch. 3 Transverse Stability

M Ch. 4 Initial Transverse Stability

M Ch. 5 Free Surface Effect

M Ch. 6 Inclining Test

M Ch. 7 Longitudinal Stability

M Ch. 8 Curves of Stability and Stability Criteria
M Ch. 9 Numerical Integration Method in Naval Architecture
M Ch. 10 Hydrostatic Values

M Ch. 11 Introduction to Damage Stability

M Ch. 12 Deterministic Damage Stability

M Ch. 13 Probabilistic Damage Stability (Subdivision and Damage
Stability, SDS)

M‘U TSYstem
é;ﬁ ﬁi‘ Des gn
anning Procedure of Naval Architecture and Ocean Engineering, Fall 2013, Myung-Il Roh D) Labo ratory



Ch. 5 Free Surface Effect
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Free Surface Effect

G: Center of total mass
B: Center of buoyancy Z’
B,: New position of center buoyancy “

VA
fter the ship has been inclined A . * 3 .
M(Mlt&elcr:enfe:):Igheaisnteeresgcltr;;rlmnce)fa \\ \\\ If the CargO n hOld 1S flxed’ e°g' a
tical line th h th ter of ! i . 1 T O1
buoyancy at inftial position() with & “‘vM solid cargo, this keeps its original
tical line th h th el To R L | 1
oo o thearer s 4 position when a ship is inclined.
buoyancy(B1) after the ship has beeny \
inclined transversally through a small | \
angle \ ﬁl——\\ ¢
Yoo
e ¢ If there is a liquid cargo in hold,
8 (;.; what will happen when the ship
Y is inclined?
* Hold or Cargo Hold: Space for loading the cargo in the ship GRS S’?SYS!eg‘
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Definition of Free Surface Effect

G: Center of total mass

G New position of center of total = 7 » When the ship is inclined, the liquid in
B: Center of buoyancy NV the tank is also inclined. And the center
B,: New position of center of buoyan<\‘y \ . . .
after the ship has been inclined \ v of mass of the l]ql.“d shifts toward the
g: Center of the emerged volume \ *M inclined sid
g,: Center of the submerged volume \ \ 1nclinea siae.
b: Center of liquid in tank \
by New poiton o center ofligudn This causes the ship’s center of mass to
tank \ ®
\ v . . . .
V0 move toward the inclined side, reducing
VI the righting arm.

4 ™
Definition of Free Surface Effect

» The motion of the liquid in a tank that is
partially full causes the ship’s center of
mass to move.

» This reduces the righting arm and
reduces the ship’s stability.
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Assumption to Evaluate the Effect of Free Surface

G: Center of total mass

G New position of center of total r v The effects of free surface depend on
mass ' B o o o

B: Center of buoyancy R the dimensions of the surface of the liquid.

B,: New position of center of buoyan«.\‘y \
after the ship has been inclined

g: Center of the emerged volume \\ “+M ‘! What assumption iS appropriate
¢,: Center of the submerged volume \ \ ¢
b Center of liuidintank 1|3 to evaluate the effect of free
b,: New position of center of liquid in \ ) . <y
tank | v surface in a ship’s tank?
G,: Virtual risen center of gravity \ | ¢

T 4 N

Assumption: Small inclination

The metacentric height(GM) provides a
fairly accurate evaluation of the righting
moment up to 7~10 degrees.

And, surface of the liquid does not reach
the top or bottom of the tank during this
inclination.
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Transverse Righting Moment
When there is no Effect of Free Surface

G: Center of total mass

B: Center of buoyancy

B,: New position of center of buoyandy
after the ship has been inclined /\\

b: Center of liquid in tank

!
-z
‘\'%

v Transverse Righting Moment

Righting arm: G/

 Transverse Righting Moment

z-righting = FB ) GZ

GZ =GM sin ¢

GM = KB+ BM - KG
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The Influence of Free Surface T restoring = GZ - Fy
GZ =GM -sin ¢

on the Initial Stability at Small Angle (1/5) GM = KB+ BM K&

G: Center of total mass

G New position of center of total = = v’ Evaluation of effect of free surface on
B: Center of buoyancy ‘\\ ¢ . .
B,: New position of center of buoyan/v.\:y \ metacentr]c he]ght

after the ship has been inclined \
g: Center of the emerged volume \ *M
g,: Center of the submerged volume \

b: Center of liquid in tank \ N Te 1 : . K
b: New position of center of liquid in \\ If a S.h]p is inclined, the plane of liquid in
tank Vol tank is changed to be parallel to water

\ [\ plane.

Vo

Vo

N y bb, //gg, /GG,

T y >

\ And the relation between change in total

F—>
/\\ S y'> center of mass and center of liquid in tank

1S

\\\4
Q
2

il GG, = bb,
\ ' F
\ VB G
B é/v‘/' 1
R 1
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The Influence of Free Surface
on the Inltlal Stability at Small Angle (2/5)

1 ‘J
N

G: Center of total mass

G,: Virtual risen center of gravity

G,: New position of center of total mass

G,’: The intersection of the line GZ with G,G,

B: Center of buoyancy

B,: New position of center of buoyancy after
the ship has been inclined

g: Center of the emerged volume

g,: Center of the submerged volume

b: Center of liquid in tank

b,: New position of center of liquid in tank

m: Metacenter of cargo hold

GG, :

L4
L4
&
L
L4
L]
L

-
.
\J
.
\J
*

T oioring = GZ - Fy

restoring

GZ=GM -sing
GM = KB+ BM - KG

bb, //gg, /1GG,
v" Evaluation of effect of free surface on

metacentric height

From the geometric shape, the righting
arm G,Z, is expressed as follows:

GZ =GZ-GG'
=GZ —(8y, cosd+ 5z, sinP)

This term has negative effect to the restoring moment arm.

: It means that the shift of center of total
mass GG, causes reduction of righting arm.
And it causes stability to be worse.

: Free Surface Effect (FSE)
®» Reduction of righting arm
(It causes stability to be worse.)




The Influence of Free
on the Initial Stabilit

1 ‘J

G: Center of total mass

G,: Virtual risen center of gravity

G,: New position of center of total mass

G,’: The intersection of the line GZ with G,G,

B: Center of buoyancy

B,: New position of center of buoyancy after
the ship has been inclined

g: Center of the emerged volume

g,: Center of the submerged volume

b: Center of liquid in tank

b,: New position of center of liquid in tank

m: Metacenter of cargo hold

L4
L4
&
L
L4
L]
L

-
.
\J
.
\J
*

Su rfa ce GG, free surface correction T estoring = G7 - FB
GZ =GM -sin ¢
at Small Angle (3/5) GM — KB+ BM K&
bb, //gg, 11GG,

v" Evaluation of effect of free surface on
metacentric height

: Free Surface Effect (FSE)
®» Reduction of righting arm

(It causes stability to be worse.)
Assume that ¢ <<1, then from the
geometric shape, the righting arm G,Z; is
expressed as follows:

G Z =GZ -GG
=GM sing— GG, sin ¢
=(GM - GG,)sin ¢
=G,M sin ¢
It means that the shift of center of total

* mass GG, is considered as the elevation of
i center of total mass from G to G,.

GG, free surface correction

GM =KB+BM —KG

L
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&
4
L4

10



The Influence of Free Surface Craor = G2 Ly
on the Initial Stability at Small Angle (4/5) Gt < KB 1 54

bb, //gg, /GG,

v' Evaluation of effect of free surface on
righting arm

GG, //bb, GG,//bm, G,G,//bm

Triangle GG,G, is similar to triangle bbm .

GO _ W 166 = b,

bb, F, g

\.

G: Center of total mass

G,: Virtual risen center of gravity

G,: New position of center of total mass

G,’: The intersection of the line GZ with G,G,

B: Center of buoyancy

B,: New position of center of buoyancy after
the ship has been inclined

g: Center of the emerged volume

g,: Center of the submerged volume

b: Center of liquid in tank

b,: New position of center of liquid in tank

m: Metacenter of cargo hold

w: Weight of liquid in tank
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The Influence of Free Surface
on the Init

S & \ \ ‘\ *
\ b 1r*\ Pl \‘\ j ..’0:.
K T

G: Center of total mass
G,: Virtual risen center of gravity
G,: New position of center of total mass
G,’: The intersection of the line GZ with G,G,
B: Center of buoyancy
B,: New position of center of buoyancy after the ship
has been inclined
g: Center of the emerged volume
g,: Center of the submerged volume
b: Center of liquid in tank
b,: New position of center of liquid in tank
m: Metacenter of cargo hold
w: Weight of liquid in tank
ir: Moment of inertia of liquid plane area in tank about
X' axis
pr: Density of liquid in tank, ps,: Density of sea water
V : Displacement volume
v: Volume of liquid in tank

[
ws®®
*
.
.

ial Stability at Small Angle (5/

w T restoring = GZ-F, B

0G =—bb| Gz =GM -sin ¢
) ¢ _|GM =KB+BM -
bb, //gg, /GG,

v' Evaluation of effect of free surface on

righting arm
Because ¢ is small, (small inclination)
GG, = GG|, GG/=GG,sing,

— GG, = GG, sin g,

In the same manner, bb, = bmsin ¢

w w
> GG =GG siygz—bb =—bmsi}/¢
1 0 F 1 FG

G

GG, = bm

Fg
:lil: Pr8V i_T: Pr ll
Fo v pygV v  pg V

Prly : Free Surface Moment

The elevation of center of total mass due to the
shift of center of mass of liquid in tank is related to
the density of liquid in tank and moment of inertia

of liquid plane area in tank.

(It’s not related to weight of liquid in tank.)
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G: Center of total mass pr: Density of liquid in tank

G,: New position of center of total masg A ‘(i\ z' pow- Density of sea water
Th e EffeCts Of F ree S u rfa Ce w: Weight of liquid in tank \ iM V: Displacement volume
i-: Moment of inertia of liquid plane area ih P\‘ v: Volume of liquid in tank
tank about x' axis \

¢
ﬂ:ree Surface Effect \ L

GM = KB+ BM - KG,, KG,=KG + GG,
GG, =i
W v
_ _Pr ir _| Pr Ly
Psw&Y Psw|V
: free surface correction

\pFiT : free Surface Moment /

* The effects of free surface do not depend on the amount of liquid in the tanks.

 The weight and vertical position of the liguid which have an effect on transverse
stability is not associated with free surface effects.

* The effects of free surface depend on the ratio of density of the liquid in the
tank to the density of the liquid in which the ship is floating.

* The breadth of liquid, which almost wholly accounts for free surface effects,
changes when inclined, depending on the height of the liquid in the tank, the
degree of inclination, and the breadth depth ratio of the tank.
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: : l GG Wi _ pr i
Question) Effect of Tank Size on Free Surface W gy V }
: free surface correction

« Effect of the breadth of liquid in tank which almost wholly accounts
for free surface effects.

Question)
Sea water is filled partially in tank with water plane of rectangular shape.
If longitudinal bulkhead is installed in center of tank, how much GM will be changed?

Installation of

longitudinal
// bulkhead

, 24‘/‘3/
Hint) Answer)
[-b° [-b’ [-(b/2)Y 1-b 1
i =|vdA= i = L i, =2 — =
=]y 2 nTp 2 48 4"
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_ W P B
Wy pgV
: free surface correction

The Influence of Free Surface
at Large Angles of Heel (1/5)

- Effect of filling ratio of a ship and on free
surface effects
10% full . . .
v In making the loading calculations, free
surface corrections to GM must be made on the
basis of reasonable assumptions regarding the
condition of all tanks.
50% full : Example)
- Departure condition & Arrival condition
- Fuel oil system:
Settling tank: assumed to be half full.
Fuel oil tank: assumed to be 98% full or empty
in merchant ship
- Water ballast tank:
90% full Empty or nominally completely full (to have no
effect)
* Settling tank: Tank for settling impurities in fuel oil before using it. @%ééﬁ;ﬂmw 15
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The Influence of Free Surface
at Large Angles of Heel (2/5)

7° Inclination

Wy pgV
: free surface correction

10% full

50% full

- Small angle of inclination

v It has been pointed out
previously that the metacentric
height (GM) provides a fairly
accurate evaluation of the
righting moment up to 7~10
degrees.

iR

90% full

v" In the same manner, when the
metacentric height is reduced by
the effect of free liquid, this
assumption of small angle
provides that the surface of the
liquid does not reach the top or
bottom of the tank during this
inclination.
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The Influence of Free Surface
at Large Angles of Heel (3/5)

Wy pgV
: free surface correction

7° Inclination 25° Inclination 50° Inclination

10% full

50% full

90% full
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The Influence of Free Surface

at Large Angles of Heel (4/5)

7° Inclination 25° Inclination

Wy pgV
: free surface correction

50° Inclination

10% full

50% full

If the tank is nearly full or nearly
empty, the breadth will decrease
rapidly to a degree that will make

free surface effects almost negligible.

90% full
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The Influence of Free Surface
at Large Angles of Heel (5/5)

: free surface correction

7° Inclination 25° Inclination 50° Inclination
10% full
50% full i
pp—— If the tank is half full, a maximum increase of breadth is
o Y produced, thus increasing free surface effects up to a
large angle of inclination.
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