e seguentl illustraziont mi
sono state fornite da un
uificiale che navigava con [a
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M is the metacentre. Itis the point at which a
vertical line through the centre of buoyancy
will intersect the original vertical through the
centre of buoyancy at the small angles of
heel. The location of this point depends
much on the geometry of a ship.

...G is the centre of gravity...

...and B is the centre of buoyancy.
Itis the centre of gravity of the
underwater volume.

K - Piede della verticale di stabilita sulla chiglia
B - Centro della carena

G - Centro di gravita
M c Metacentro- 9Q Af Lidzyidi2 RQAYyO2yiGNR OKSZ Ay Ol a2 RA B
incontra la verticale passante per il centro di carena a nave dritta. La sua posizione dipende dalla forma della carer



The vertical distance between M
= and M is referred to as the .
melaceniric height, GM.




STABLE
EQUILIBRIUM

A ship is said to be in stable equilibrium if it
has positive initial metacentric height which
means that the centre of gravity G is below

the metacentre M. So if the ship is inclined,

it tends to return to the initial position.




When the ship has a negative initial
GM itis said to be in unstable
equilibrium. In this case M is below

U NSTAB LE G, so the ship will tend to tip over.
__EQUILIBRIUM




In the case when G coincides
with M the ship is said to be
in neutral equilibrium.

NEUTRAL GM
EQUILIBRIUM *




To ascertain the GM for any condition
of loading itis necessary also to
calculate the KB and BM for any draft.

(GM may be calculated
by using the formula:

GM = KB + BM - KG



Ihe centre of buoyancy & 15 the centre of gravity ol the
underwater volume.

For a box-shaped vessel the centre of buoyancy will be at
the half-length on the centre line and at half the draft:

o B P

Idraf’[ T BT

= o] ]|

KB = 0,5 draft | G

GM = KB + BM - KG




| e centre ot DLIII.‘.I}TEH{:}' oIS Ine centre ot grawty arthe
underwater volume.

...and for a vessel which is in the form of a triangular prism
the KB = 2/3 draft:

KB = 2/3 draft |

GM= KB + BM - KG




Ihe transverse Sl 1s the height of the fransverse
metacentre above the centre of buoyancy. It is found by
using the formula:

Where I= The second moment of the water-
plane area about the centre line.

V= The ship's volume of displacement

GM = KB + BM - KG




I
BM = —
W

For a rectangular water plane area the second moment
about the centre line is found by:

_ LB®
12

N

GM = KB + BM - KG




The final KG can be calculated as a result of an inclining test.

The inclining test is carried out by taking the moments of the
weights, loaded and discharged, about the keel.

M OM =W

GM = KB + BM - KG

|
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light condition the inclining
testis performed.

t SNJ OF ft O2ft I NB f Q2NRAY I Gl RSt
centro di Gravita nave '
vuota, viene eseguita una G

prova di sbandamento. ._‘




In order to find the KG for the
light condition the inclining
test is performed.

] In the inclining test the ship is inclined
by shifting weights transversely a
| certain distance across the deck.

The heeling moment Mom and the heel () can
be measured during the inclining test and from
them the GM and then KG may be calculated.

_ __Mom
GM Disp*tand

W

L




The heeling moment Mom may be
calculated by using the formula...

. ¥ —
Mom =W * X [tonm] #\\ GM= Mom

" Disp*tand
B




N




The weights used are usually
concrete blocks and they are
located at 2-4 lines along the
ship hull.

GM= Mom

~Disp*tang |

No. .:rs,"'i’.:,':. moment | a4 GM
1| |
z | ||
3
4
5
6] |
L
e UL
LT o
R
ST N
—q‘_‘“""_‘ﬁ——.




When the ship is upright, the

| weights are shifted across the
deck transversely, causing the
I ship to list (max 3°).

Weig ht Heeling
No. | position | moment Heel 4 GM

1| [al® | 750 | 0,730 | 3,297

2 | | 1

D (0 J OW The testis repeated by using a
I 3 certain amount of different
; positions for the weights.
: ' 4
| W l W [
| 5| |
I & |
—— e — w s
| Zl. |
I
l
I
l
— | ] w —_

_ __Mom
b i Disp™tang |




The test is continued until a
satisfactory accuracy for the
GM is found...

T —

EYYE
-

Mom
Disp*tan¢

GM=

No. .!T,ﬁ'%'.ff. et | Heold GM
1| [al® | 750 | 0,730 | 3,297
z | | |E | 1500 1,459 3,290
3 E 2250 | 2,191 ] 3,290
4| " = 750 (0 735 | 3,284
5| 8 s | 750 |-0,731( 3 293
: Il -1500 -1,461( 3,295
7| -2250 |_2 189 3 207 |
q—_——__ﬁ_.—‘_‘_-—-_-——_\__“_‘hm
H_——‘—_—_—-_\q_—_\-hﬁ——_‘"——————
-ﬁ-__—-.--ﬁ—-_-‘—‘-‘_‘-“"_‘“-%-



When the GM is found, the P
K(} can be calculated by -
using the formula: - :)bg?]:::] :mt a3 GM
KG=KB+BM-GM 1| [al® | 750 | 0,730 | 3,297
z | | |® | 1500 1,459 3,290
3| | |8 | 2250 2,191 ( 3,290
5]
[
| 4| 7| [m( 750 { 0,735 | 3,284
' 5 | & 750
; | . -0,731( 3 293
. g | 1
®M | " | lgl |-1500 | -1 4613295
| 7| B
®G s -2230 |-2,189 (3,297
]
| T T
| N
--__._____‘_
‘_H
Mom e

GM

" Disp*tand




To obtain the KG as accurately as
possible, itis important to ensure
the following conditions.

' The ship mustbhe upright at the
commencement of the inclining test.




To obtain the KG as accurately as
possible, itis important to ensure
the following conditions.

The ship musthe unright at the
commencement of the inclining test.

i':
) | -
. ' There should be noowind, as this
v

may influence the inclination of
the ship.

© ~==1i




To obtain the KG as accurately as
possible, itis important to ensure
the following conditions.

: ’ The ship mustbhe upright at the
] commencement of the inclining test.

B
:: ' There should be nowind, as this
L)

may influence the inclination of
r the ship.

Nathing outside the ship should
nrevent her from listing freely.




To obtain the KG as accurately as Per ottenere la massima precisione possibile
el . kil VSEtf QAYRAGA Rz T dergrydgraRiG K@ ¢
' Importante che siano assicurate le seguenti condizioni:

: The ship muslihe uncght at the
7 commencement of the inclining test.

| -
( ' There should be no.wind, as this

| may influence the inclination of

the ship.

Nathing outside the ship shauld
nrevent her from listing freely.

N

There must be no fres
surfaces within the ship and

any lnnse weights should be
remaved or secured in place.




The force of gravity G is acting
vertically downwards...

...while the force of buoyancy
B is acting vertically upwards.




As we draw a vertical line through the
centre of buoyancy, it will intersect
the centre line in the metacentre M.

For small angles of heel (up to ~10°),
the vertical through the centre of
buoyancy B is considered to cut the
ship's centerline at a fixed point
called the initial metacentre, Mo.

e
B,

Mo

——
- "
——

When an external force inclines the
ship, the centre of buoyancy B starts o
move out to the low side because the
shape of the underwater body changes.




Le forze applicate nei punB (spinta di galleggiamente)nel
punto G (peso della navegpnfigurano un momento che tende
a raddrizzare la nave sempre che Gial positivo.

- Questo momento e iMomento della

tabilita statica.

The forces acting through B and G
result in a moment which attempts
to return the ship to the upright

position (if GM is positive).

This moment is referred to as
the Moment of Statical Stability.




The moment of stalical stabilify depends on the
value of gz which is the perpendicular distance
between the centre of gravity G and the vertical
through the centre of buoyancy B,...

I Momento di Stabilita
Statica dipende dal
valore della distanza
perpendicolare tra le
due verticali innalzate
daBe daGcon la nave
sbandata.




The moment of statical stability depends on the
value of gz which is the perpendicular distance
between the centre of gravity G and the vertical
through the centre of buoyancy B, ...

...and on the force "W', which is the
buoyancy force considered to act

vertically upwards with a force equal
to the weight of the water displaced.

The lever gz is referred
to as the nghting lever.

L

VIO

Moment of statical stability
Mom = W*gz [tonnes metres ]



| Ata large angle of heel the force of buoyancy

e can no longer be considered to act vertically
o | upwards through the initial metacentre Me; as

P M a ship is inclined more, the centre of buoyancy
ool [0
ol L : moves further out and the water plane area
S ,‘,-\ starts to grow resulting in an increase in BM.
i Mo
A
o A




The righting lever gz may be
o calculated by using the formulae:

gz = MS + GMo sin{)

gz = KN - KG sin{)




The curve of statical stability for a ship, gz-
curve, in any particular condition of loading is
obtained by plotting the righting lever against
heeling angle as shown in figure below.

gz [m]
foreSB

margin
line

I I I I I I I |
§ 10 15 20 25 30 35 40 45 50

heeling angle [degrees]




La curva della stabilita
statica di una navegurva

del gzin ogni particolare
condizione di carico ,si
ottiene segnando ibraccio
raddrizzantan
corrispondenz&k St £ QI |
di sbandament@ome

h

mostra la figura.

The curve of statical stability for a ship, gz-
curve, in any particular condition of loading is
obtained by plotting the righting lever against
heeling angle as shown in figure below.

The righting lever, gz [m)], is
presented on the y-axis...

Il braccio raddrizzanteyz(m), e
YA adzNJ 0 2

adzZ f Ql 4aS RSt S

0z [t
foreSH
06 —
Margin

04 — ling
0,2 —
3%TZ T 1T 1T T T T |

A 10 20 26 30 35 40 45 Al

heeling angle [dedgrees]



The curve of statical stability for a ship, gz-
curve, in any particular condition of loading is
obtained by plotting the righting lever against
heeling angle as shown in figure below.

The righting lever, gz [m}, is
presented on the y-axis...

Il braccio raddrizzantg;zo YO X & YA adzNJ 2 &adz f QF aa&
aSYiNB fQlyazf ® (grafiAeé ndisoraty R YSy (12 =
adz £t QraasS RSttS Iaoraas
//1,0 — oz [m] ...and the heeling angle, ¢
foreSB [degrees], is on the x-axis.
0,8 —
0,6 — |
margin
0,4 — line A
TErE—
L
: e i e e i |
5 10 15 20 25 30 35 40 45 50
heeling angle [degrees]




In this illustration, a ship is floating
upright. As there are no external forces
"4z acting the ship, the angle of heel is 0°.

1.0 = margin

| ] | | | | SO 7 b
20 25 30 35 40 45 50 55 &0

hasaling angle [degrees)

Because the centres of gravity and
buoyancy, G and B are on the centre
line, the righting lever gz is 0 m.




@ [m]

At this angle of heel the
margin line is immersed.

| E A O N
0 15 20 25 30 35 40 45 50 55

hesling angle [de greas|

As an external force inclines the ship,
the gz starts to increase.




As the ship is inclined more, we will
notice that the gz still increases.

\

5
T T O O O I

D 15 20 25 30 35 40 45 50 55 &

hasling angle [degreas|

This is because the centre
of buoyancy B continues

moving out to the low side. |




@z [m]

1,0 = margin
line

This means thatata
certain angle of heel the
gz also starts to decrease.

| ] | | | I
20 25 30 35 40 4%

hasling angle [degress]

N
50 5 &)

v

In this phase the bilge rises out of
water resulting in a decrease in the
water plane area and also in the BM.




1

e | Though the gz is decreasing, the ship still
I 3 ) ; has a moment which is attempting to return
1.2 it to the upright position. This is because
| ) — margin the righting lever az is still positive.
0.6 — line

| [ (] PR ) [ Rl [l
20 25 30 35 40 4% &0 5'5 UIJ

hesling angle [degrees|




az [m]

| | | N T T g
20 25 130 35 40 4% 20 3/ A

hasaling anale [de grees|

When the ship has reached the angle of heel
at which the centres of gravity G and buoyancy
B are acting on the same vertical line, the gz
becomes 0 and no moment exist.




= [m]

1.0 — margin
08— line

R T A R Y T I - 2
20 259 30 35 40 4% :«n..-l.

hesling angle [degraes]

When the ship has reached the angle of heel
at which the centres of gravity G and buoyancy
B are acting on the same vertical line, the gz
becomes 0 and no moment exist.

If the ship is inclined more from this angle of
heel, the centre of gravity G will move to the
‘wrong’ side of the vertical line drawn
through the centre of buoyancy B resulting in
a moment which tends to capsize the ship.




gz [m]

Which loading condition
Is more safe:

The first one with

GM=1.65m..

_orthe second one
with GM =0.5¥ m?

45 50
heeling angle

0

[degrees]

metacentrica iniziale di m.1,€5

vdzStt I O2y f



fhe loz 1’1'“'1 ondition with the red

'L.\.H

gz [m]
0.6

0.4
0.2

-0.2
-0.4

» 1S safer even though it's

Pnll ar. This is because...

gz-curve

GM=1.65

//
/A/”'” {*N_ A GM+H
./’* T N‘t\,\
g
L — \ v
5 10 B 20 28 3 45 S0

'\\ | heeling angle
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IVE IS ONIY a measure o1 the Iniuail sia y 5
I.e. the stability in the upright position.

gz-curve
GM=1.65

5 30N 3%\ 40 45 50
“‘- heeling angle

‘; [degrees]

]

T GM+0.57

One could say that judging stability only on the
basis of GM can be compared to looking at the gz
curve with a magnifying giass at a heeling angle
of 0 degrees, disregarding the rest of the gz-curve.

A Ol
C)

a 2
A dzR
Sy

K 3
J YRAY
resto della curva.



What is the effect of freeboard
height on the gz-curve?

02—
-0,4 —

06 —

gz [m]
10—

0.5 —
0.6 —
0.4 —
0.2 —

1]

= HULL 1
=T HULIl 2

hekling 2ngle Hegree:]
| ' '

n 21 2




Let's compare HULL 1 and HULL 2.

Let both have the same

-draft,

-K5,

-Deam,

-and displacement
but let the freeboard of HULL 2 be
increased.

-0,z :’|
-0,4

06 —

gz [m]
10 —

0.8 —

0.6 —
0,4 —

02—

== HULL 1
=T HULIl 2

hekling 2ngle Hegree:]
T T

0

T
1n 21 20




gz [m]
YT —huiL 1|
_— 0§ —-— T HULL 2,
Bo—— T— +— = ¢ ; . 55
04— M : . » : .
There will be no difference between 0.2:—1— 3 T ‘ \
the gz-curves from .the origin up to the 0 ‘ helallan'lee [dlegreeﬂ's] l ‘ ;. T
angle of heel at which the deck edge w | 2 3 . \ 5t
of HULL 1 is immersed. N —f—= : Abeet
04—
06—

R, &

Hill1 Hilil2




92 [m]
1.0 —- | | i1
==t HULL 1
0 —.‘,HUl;I 24
0,6 —
0.4 —
0,2 S — 0 —
e ' helaling zngle [d;egnee:-%] : \
When the ship is inclined beyond this angle of 10 20 ‘ 50
heel...the waterplane breadth and, thus, the 02— ’ Ky
waterplane area of HULL 1 starts to decrease... 04— — - ! . -
06— | ...and the righting lever
' will also be decreased.

HUIlLA1 HUILI 2




gz [m]
1.0 — . : 1
=t HULL 1
06—
0.4 — | ~ - r T
0,2 — : \
hezling Zngle degrees)

0 ! \ | | ! | '\ |

02— 10 A 2P | 30 50

In the case of HULL 2 with the increased
freeboard, the waterplane breadth (and
area) and the righting lever will increase
until the deck edge is immersed.




Nel caso dello scafo due con maggiore bordo
f AOSNRX I fFNBKSITL
la sua area aumentano comportando un
aumento del braccio raddrizzantietnchet Q2 N.
della coperta non e immerso. Successivamente
braccio raddrizzante comincia a diminuire.

g2 [m]I
J.0.:
RS
08—
f 027

2 1}.4

0.2 —

N

TTORNBF RA__JLHEES3

5\

0

sflae

hezling znale Hegresas] ‘\
| l | f |

10

In the case of HULL 2 with the increased
freeboard, the waterplane breadth (and
area) and the righting lever will increase
until the deck edge is immersed.

I 1 H
20 W I\NW \5.‘1

After this the righting
lever will decrease.
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What is the effect of trim and the
shape of the hull on the gz-curve?

¢ S0 5% 6.
nesling angle [degress)




' In this case with forward trim,
the ship has ‘lost’ a large share
of her initial waterline area.

In the case when the ship is trimmed by
the bow, the length of the waterline area
starts to decrease.

1%

nesling anale [degresas




Because the metacentre M depends
much on the moment of inertia of the
waterline, the loss of waterline area

initial has a direct effect on the az-curve.

forward trim NQTE: The gz-curves are
both calculated with the
same displacements.

35 4 45 & 056 ©®

nesling angle [degrees)




What is the effect of shifting the vertical ' 4
center of gravity VCG on the gz-curve? ''a

0
| a E 1 % 20 2 % 3 40 o o 35 A
heshng anghke [degraes]




The influence on the gz-curve by
increasing the KG by 45 cm can
be seen here.

G2

T~

0.8 —
0,6 =
04—
0.2 =

10 _:_l" -.L 2 3!, _-Jr 40 of fJI.') YS A
heekng anple [degrees]

Let's shift the vertical centre
—_— G2 of gravity 45 cm higher.




As the ship is inclined, for
example, 20 degrees...

...the difference between
the values of gz in both
cases can be seen.

> 22 25 3 2

w %5 X &

heskng angle [degrees

The change of the gz-curve
may easily be illustrated...




.

In conclusion, the effect of vertical centre
of gravity on gz-curve is observed by
changing the position of Gz.

M

o™
on
3
2

d0 4% &
Neekng anghs [degrees]




What is the influence on the gz-
curve by shifting the transverse
center of gravity TCG?

4p o5 50 55 O

heskng arghs [degress)




The influence on the gz-curve
of shifting the TCG by 20 cm
can be seen here.

0
] |
=02 [ l!» I. !n > '=.l 40 -'TI‘J ‘E!‘J EIS Q
i heshng angle [degrees ]
Now, the transverse centre of gravi
20cm gravity

(51 is shifted 20 cm to the SB-side.




The reason for this
is quite simple...

...butin the case of Gz the gz is 0
20 cm smaller than in the case
of G: atevery angle of heel.

| KR M N |
90 35 40 5 O 5% \
heskng anphs [degress)

The form of the gz-curves are
the same for both cases...

-0,2




Consider a ship floating in the
upright position as seen in the

picture below.

The upright position is found here.

¥ e

40 o W 5%

heekng anghs [degre

- o— o e - f—

@

The centres of gravity G and buoyancy B
are on the centre line so the gz and the
resultant moment M about the G: are zern.

A




d w—

As the centre of gravity Gz is shifted out from '_) : 2]
the centre line, it will resultin a momentM. The | " ™
moment tends to turn the ship to the side on 09—
which Gz is located. 0.2 =

In the upright position the ship's gz is as I ‘l‘ T V_I’ 7 | -L T ]s \
big as the shift made to the centre of gravity |-°2 W B B9 7 m‘; B Edm;’-m'
Gz from the centre line, but negative. NP T Fees)

|
|
|

2




[ R -
Now, if the ship is allowed to float freely, the moment 04—
will try to turn it to the position at which the centres of 02 =

gravity and buoyancy are on the same vertical line.

\ AP £ | X
10 8 20 2% iy X 40 S 0. 93
heshng angke [degrees |

In this case the gz is 0 and the ship is floating |=¢2
freely at a heeling angle of 3 degrees, ifitis
not subjected to any external forces.

L

| |'
|

G, G




Quale effetto produce un momento
esterno sulla curva di stabilita?

What is the effect of an external
moment MOM on the gz-curve?

gz [m]

heeling angle [degrees]




Un momento esterno puo essere
causato da VENT@ ACCOSTATA
SPOSTAMENTO DEL CARICO.

Poiché i momenti sbandanti esterni sono presenti
per ogni angolo di inclinazione, questi momenti
possono essere tracciati sullo stesso diagramma
della stabilitd usando le stesse coordinate.



