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ABSTRACT

Demand for cruise ships has increased significantly in recent years. The design of passenger vessels has changed significantly to
reflect customer requirements and the need to increase income earning capacity. The current investigation aims to understand the
impact of changing the main dimensions or form proportions on the ship’s stability and the allowed limitation to KG. The study is
performed to evaluate the sensitivity of the intact and damage stability properties as well as the limiting KG for intact and damage

stability after changing the main dimensions of a passenger ship.
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SYMBOLS AND ABBREVIATIONS

ILLC: International Load Line Convention

SOLAS: The Safety of Life at Sea Convention

IMCO: International Maritime Organization(original name)
IMO : International Maritime Organization

IS Code: The Intact Stability Code of IMO Convention
GM: Metacentric height, m

KB: height of the vertical center of bouyancy above keel, m
BM: transverse metacentric radius, m

KG: height of the center of gravity of a ship above keel, m
GZ : righting lever, m

GMg:Initial metacentric height, m

KGe, :Limiting KG according to intact stability criteria, m

KGe, :Limiting KG according to damage stability criteria, m

1. INTRODUCTION

The vessel may be unstable due to existing forces, whether
due to internal or external factors depending on their sources.
The sources of these forces are common among all types of
ships, but there are more related sources of passenger ships
represented in crowding of passengers to one side and High
Speed Turning Maneuvers [1], [2].

The most important steps of evolution in the field of ship’s
stability are described in the following subsections:

It is known that the analysis of the causes of casualties by
scientists and specialists in the field of stability of ships
caused the development of mandatory laws in the design of
the latest ships in order to avoid the recurrence of the same
incidents as much as possible.
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For example, the following legislations have been added:

e The international regulations for the subdivision of the
hull into watertight compartments were being formed in
response to the Titanic disaster. On 20 January 1914 in
London, a meeting was held to adopt the international
Convention of the Safety of Life at Sea (SOLAS) [1].

e Changing in safety regulations as well as in life raft
design in response to the MTS Oceanos disaster[2].

e the North West European nations established very strict
regulation on damage stability for Ropax ship, which is
known as the Stockholm Agreement, demanding that a
vessel satisfies SOLAS '90 requirements in addition to
considering water on deck with a constant height rather
than a constant amount of water in response to the MS
Estonia disaster [3].

2. EVOLUTION OF STABILITY STUDIES

2.1 The beginning of stability’s history

The principles governing the design of ships are the
principles of Archimedes of buoyancy and stability of
floating objects (balance of moments) in 300BC [4].

Since 1747, the metacenter was being defined by Bouguer,
the restoring moment was described by Euler. In 1757,
Bernoulli introduced dynamic stability [5].

In September 1870, the HMS Captain capsized while the
HMS Monarch had similar dimensions and the same initial
stability but succeeded in sailing as a result of the difference
of the freeboard, led to a difference in stabilities at large
angles, This had attracted the attention of the English naval
architect Edward Reed, chief constructor of the Royal Navy,
to the importance of reserve stability associated with a
minimum freeboard to the main deck in case of large
inclinations. In 1875, Great Britain has passed legislation that
requires placing a mark (Plimsoll mark) on each ship’s side to
prevent overloading and became mandatory legislation in
1890. Moreover in 1904 , German has passed rules , These
two sets of rules included minimum freeboard , strength, hull
integrity, and safety movement of persons on board in 1913
(4], [6].

The British government invited for the regulation of a
unified international Convention and the mandatory rules for
all ships but because of the World War I, this conference was
delayed to 1930, (First International Load Line Convention
(ILLC)) [4].
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2.2 The beginning of the modern age

After the sinking of Titanic, the international maritime
safety societies held an agreement in London in 1914 known
as the Safety of Life at Sea (SOLAS), “Ocean-going steam-
vessels which carry passengers should be additionally
protected by having efficient bulkheads, so spaced that when
two compartments are damaged, the vessel will still afloat in
a seaworthy condition, and at least two of the amidships
bulkheads should be tested by water pressure to the height of
the deck next above the water-line”; The Convention was
later met in 1929 and 1948. The outbreak of World War | and
World War I1 had their effect in preventing the application of
the first two SOLAS at an international level [7].

It can be said that the beginning of the stability criteria was
in the 30s of the last century which was largely based on two
papers. The first of them, Pierrottet (1935) established what
would later be known as the standard of the Weather
Criterion. However, the results of his research were not
included in the mandatory laws, because at this time, the
number of vessels subjected to incidents of coup were
considered relatively low. Second came the Ph.D. thesis of
Rahola (1939) which determined minimum stability criteria
after statistics of 14 vessels that capsized between 1870 and
1938 [6], [8]-

Also in 1939, Vincent [6] contributed to laying the first
Principles of Naval Architecture to achieve safety from
capsizing and comfort for passengers.

the IMCO sub-committee on subdivision and stability was
formed in 1962 in response to a recommendation outlined in
the conclusions of SOLAS’60, The first international stability
criterion, Resolution A.167, was the development of Rahola’s
GZ criteria, was adopted by the IMO in 1968 for ships under
100m. This statistical criterion was related to static and
dynamic stability [4], [7].

The external forces which may lead to capsize ships was
taken into consideration based on the recommendations of
SOLAS’74, Accordingly IMO adopted the weather Criterion
in 1985 by IMO Resolution A.562 [4].

The main IMO branches for dealing with safety of ships
today are as follows:

1. The SOLAS Convention, which deals with the
subdivision of ships and stability after damage.

2. The ILLC, which deals with the minimum freeboard
of ships.

3. The Intact Stability Code (the IS Code), in 1968,
related to the minimum standards for intact ship
static and ‘dynamic’ stability characteristics [4].

These standard criteria continue to evolve to this day as a
result of the occurrence of accidents for some ships to avoid
recurrence in the future as much as possible and to keep pace
with new developments in ship design [4].

2.3 Harmonisation process of existing
and new regulations

The new probabilistic damaged stability assessment

concept for dry cargo and passenger ships (MSC80) enter
into action began after January 1, 2009 (SOLAS 2009), This
was the culmination of more than 50 years of work which is
considered one of the longest working periods in any other
safety regulation [9].
It is therefore possible to say that there are two main
categories of ship’s damage stability regulatory that are
currently in use. Both categories are leading to the
corresponding regulatory stability criteria [10]:
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1. Namely the deterministic approach which is based on
prescriptive, semi-empirical rules and criteria derived
from statistical analysis of historical damage data and
practical experience.

2. The probabilistic approach which relies on a rational
statistical assessment of historical accidental data
combines this statistical information with semi-
empirical criteria. More rationally, this would lead to
assess the ship’s survivability using some probabilistic
concept that takes into account a vast amount of
possible damage scenarios with proper weight.

In line with SOLAS 60; the fundamentals of a new

probabilistic model for the assessment of ships watertight

subdivision began by  Professor Kurt Wendel from

Germany which enabled the consideration of possible

damage scenarios in a rational manner [6].After many

elaboration periods; the discussions of the necessity of
revising the deterministic evaluation of watertight
subdivision of passenger ships by the technical IMO sub-
committees , have found that it is best to harmonize all
damage stability regulations under a unified probabilistic
framework for all types of merchant ships (cargo and
passenger ships), rather than updating the current
deterministic compartmentation standards for passenger
ships [9].

3. THE LIMITING KG AND THE LIMITING
DEADWEIGHT MOMENT

The maximum values of the vertical location of the center
of gravity (KG allowed) are the best criteria for the stability
of the vessel as well as the maximum permissible dead
weight moment which is the maximum allowable value of the
moment of passengers / cargo, fresh water, fuel stores, etc.
about the keel, considering free surface moment.

So it can say that to ensure a good selection of design
dimensions - especially for Passenger ships which are
harmfully influenced if subjected to any underwater hull
damage that is due to the higher permeability of the spaces
under bulkhead deck- it should be used to insure a
sufficiently high limiting KG for the ship satisfying the
IMO—SOLAS criteria which requires the investigation of the
effects of ship‘s design parameters on the limiting KG in
intact and damaged conditions, this could be done during the
early stages of design process.

3.1 Methods to calculate the limiting KG

3.1.1 The approximate method to calculate the
limiting KG

This method depends on Prohaska equation. It is used
primarily in the absence of ship lines to help predict the
distribution of loads vertically and the general arrangement.
The results of this method are different from the estimated
results from cross curves of the investigated ships within
0.15% to 5.4% [11].

GZ = GM sine + BM * CR,

Where as shown in Figure 1 [12]:
MS
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Figure 1 : Stability at large angles [12]

and by using Euler's formulae (1):

CW?3 « B2
BM = €y
2% CB*T*(CW+1)*(2*CW +1)
Kkp=— 2T 2
" CW +CB @

Where CW = 0.75605 * CB + 0.2725

Critical values of GM could be determined by integrating
the GZ values up to the required angles to satisfy the stability
standards criteria.

The limiting value of KG can calculated as following

KG; = KB + BM — GM,;,, 3)

3.1.2 The analytical method to calculate the
limiting KG

This method depends on Kryloff's equation of righting
levers. But the ship's lines and the ship's form information
have to be provided [11].

GZ =Yg xcose + Zp * sine — (KG, — KBj) *sine 4)

e
5
szfBMg*cosedB ®)
0

e
6
ZF=stin0dM9*9 ©)
0
Where BMj is the metacentric radius at angle e.
KG;, is the limiting KG to satisfy the (n) stability standard
KB, is the initial vertical center of buoyancy at the
specified displacement investigated

3.2 The limiting KG according to IMO
standards of intact stability criteria

The IMO Resolution (2008 IS Code) regarding intact
stability for passenger ships (part A is mandatory part) could
be expressed in the form of standards which are stipulated as
minima for this type of ships [7] ,these standards are:

Standard | 1: The area under GZ curve between angles of
heel from 0°to 30% 0.055 meter-radians.

Standard | 2: Area B is the area under GZ curve between
angles of heel from Area 0 to (40°or ¢f) Wwhichever less >
0.09 meter-radians (osis the down flooding angle).

Standard | 3: the area under GZ curve between angles of
heel from Area 30" to (40or ¢) whichever is less > 0.03
meter-radians

Standard | 4: Max GZ >0.2 meter at angle > 30°

Standard | 5: Initial GMy>0.15 meter

Additional Standard | 6: Many government regulations set
an additional criterion specified a minimum range of positive
stability is 50°[11].

The limiting KG can be calculated for each standard
criterion by using formula (4), (5)and (6); Knowing that
this limiting KG value of them is the maximum allowable
[11].
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1. For satisfying stability standard 11: A0°o 30°=
0.055 m.rad

)76z do = 0.055
KGe,,

f06=30 Yr * cose dO + f09=30 Zpsinedf — 0.055

fog “Ysinede
+KB, (7)

2. For satisfying stability standard 12: A 0’ to 40'=0.09
m.rad

)76z do = 0.09
KGe,

f::w Yr * cose df + f09:40 Zp sinedd — 0.09

f06=40 sinede
+ KBy (8)

3. For satisfying stability standard 13: A 30° to 40°=0.03
m.rad

)76z a0~ [)™°6zdo = 0.03
KGC,3 =

fos =40y xcos o do —fos =30y xcos o do +f09 =4 7p sin edf —f:zgo Zp sin odf —0.03

6=10 _, =30 _.
Jo  sinede—[; " sinede

+KB,
©)

4. For satisfying stability standard |4: GZ max =0.2
meter at e = 30

KGC14 =
cos 30+ [0 BMy xcos 6 de+§in 30+[7°" BMg+sin 6 d6—0.20 + KB,
sin 30
(10)
5. For satisfying stability standard 15: GM=0.15 m
KGe,, = KBy + BM, — 0.15 (11)
6. For satisofying stability additional standard 16: GZ =0
ate =50
KGCIG =
cos 50*f;:50 BM g *cos 6 d6+.sin 50*f;:50 BMg*sin 6 d6—0.20 + KB,
sin 50
(12)

3.3 Limiting KG with respect to SOLAS
standard damage stability criteria

The damage stability criteria for passenger ships, which are
stricter than those for cargo ships, according to SOLAS 2008;
Regulation 8 of the convention specifies the criteria of
stability in the final condition after damage as follows [13]:

-In intermediate stages of flooding:

Standard D 1: GZ.x >0.05 m; range of positive righting
levers shall be at least 7°

- In the final condition after damage:

Standard D 2: GMyy =0.05 meter

Standard D 3: 2. The area under the righting-arm curve
should be at least 0.015 m rad.



Standard D 4: residual GZ max >0.1 meter, Considering
the heeling moment due to crowding passengers or wind
heeling (whichever is greater).

Standard D 5: range of positive residual arm >15°

Standard D 6: In no case shall the margin line shall be not
submerged in the final stage of flooding at any case.

Standard D7: In case of unsymmetrical flooding; the list
being not more than 7°.

i Intermediate stages of flooding

1. For satisfying stability standard D 1 : GZy 4y, ;=0.05 m

ate= 7°
Ap, xGp, —W xV.c.g
KGe,, =———— (13)
Where
cos 7*}';;7 BMg*cos 6 d8+sin 74‘;5:07 BMg+*sin 6 d6—0.05
GD 1= sin 7 +
(KBO - fS)
(14)
Where:

Pgq = Angle of equilibrium

Gp= The maximum permissible KG after damage

KGp = The corresponding limiting intact KG

FS= Free surface correction of the flooded surface

A= Intact displacement

Ap= Damage displacement

W= Weight of invading water

V.c.g = Vertical center of gravity of invading water

BMp, = Metacentric radius in damaged condition

KBp = Vertical Center of buoyancy in damaged condition.

ii. In the final condition after damage:
e In case of symmetrical flooding
2. For satisfying stability standard D 2: GMy;;y=0.05 m

Ap *Gp, —W=V.c.g
A

KGCDZ =

Where
GDZ == BMD + KBD - FS - 005

3. For satisfying stability standard D 3: A ko 100

=0.015 m.rad
e
foEQ GZ do = 0.015
Ap,xGp, —WxV.c.g
KGCD3 = A
(15)
Where
3.1 at one compartment is flooded
[2=2y xcos 0 d8 +[°=2% Zp sin 0df —0.015
Gp, = 2 9:22®EQ + KBy —fs
Iy “sinede
EQ
(16)
3.2 at two compartments is flooded
[0=2 Y xcos 0 d8+[° =7 Zp sin 0df—0.015
Gp, = - 9:22®EQ + KBy — fs
[y, “sinede
EQ
(€X))

4. For satisfying stability standard D 4: GZ max
=0.1meter
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Ap, xGp, —W=xV.c.g (18)

@, (1]
cos 22*meGQZ MAX (BM g *cos 6 d8)+sin @gz MAx *IO)EGZ MAX (BM g +sin 6 d6—0.10)

sin @z MAX
+ KBO - fS
(19)

5. For satisfying stability standard D 6: In no case shall
the margin line shall not be submerged in the final
stage of flooding at any case.

This is not related directly to the KG of the ship and is
governed through the floodable length calculations.

e Incase of unsymmetrical flooding

6. Standard D7: The list being not more than 7 degrees.

Ap, *Gp, —W=+*V.c.g (20)
1('GCD7 =7 z 2
Where
GD7 = BMD + KBD - FS - GMD (21)
B Wxtcg (22)
GGp = A
GMp = GGp *tan7 (23)

t.c.g = Transverse center of gravity of invading water

GMp, = Metacentric height in damaged condition

GGp = Transverse shift of center of gravity of the ship
after damage.

3.4 Deadweight moment

The maximum deadweight moment is given by

Limiting Deadweight moment
= Deadweight x max. Limiting KG of this weight (24)

As shown in Figure 2, the Deadweight Moment in ton-
meters on the abscissa against displacement in tons on the
ordinate is known as the curve of maximum Permissible
Deadweight Moments which represent one form of a
simplified stability data diagram.

Load Disp.

T4

Adequate Stability c1

Displacement (ten)

Deficient Stability

Light Disp

Dead weight moment (ton.m)

Figure 2 : Use of deadweight moment diagram[14].

Where in Figure 2 , CO, C1, C2, C3 and C4 are the
different loading conditions of the ship.



The maximum permissible deadweight moment isn't equal
zero in case of the light displacement of the ship because of
the ship has the adequate reserve of stability in the light
condition And accordingly it will have a permissible
deadweight moment in this condition [14].

3.5 Analysing Model

A passenger yacht (Figure 3) has been used as the
analysing model, this yacht has the following particulars as
shown in Table 1 with the knowledge that the full load
departure means all tanks are full except the sewage tanks
have only 10% capacity, number of crew and all passengers
are full.

Table 1: The particulars of the analysing model

The Principal Characteristic
L 42m
B 9.4 m
D 44m
T 22m
CB 0.638
A 460 ton
KG 2.87m
crew 10 persons
passengers 50 person
\ 12 kn

1= =1

aee seale @

Figure 3 : Profile of analysing model

The analyses of stability requirements are performed using
Maxsurf Stability Enterprise Software. This program is
applied to the analysing models using either of the following
approaches:

A. For the same model’s length, depth and displacement,
breadth decreases with an increment of both 5 and 10 percent
successively and increases with the same percentage.

B. For the same model’s breadth, length and displacement
of the model, depth decreases with an increment of both 5
and 10 percent successively and increases with the same
percentage.

C. For the same model’s breadth, depth and displacement
of the model, length decreases with an increment of both 5
and 10 percent successively and increases with the same
percentage.

E. For the same model, but with changing the length of the
damaged compartment.

Note that:

Damage stability analysis adopts the same load case but
with assuming the occurrence of damage at tanks and
compartments which are shown in the Figure 4 by red color.

T

"

Figure 4 : assumption of damage area up to main deck
(symmetrical flooding).

|

|
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To calculate the moment of crowding of all passengers to
one side, it is assumed that all 50 passengers are shifted from
the center line to distance equal 0.5 B.

All the results after the changes in the original vessel are
function of the percentage of the increase or decrease in
relation to the origin of the original ship.

3.5.1 Sensitivity analyses of stability properties to
ship's beam

To study the sensitivity analyses of tested intact stability
properties to ship beam, the both

Figure 5 and Figure 6 discuss the here-coming conditions.
Here, where the limiting criterion (B) is applied to the model,
i.e., changing the breadth systematically for the same length
and height.

60

—e—A 0:40
50

—m—A 0:30
40
30

~#—A 30:40

20

——Max GZ
10

——GM

-10%B -5%B B +5%B +10%B

The Percentage Change
6 o

—o— O (deg.)

-20
-30 ®0/pdec
k edge
_40 :-‘rnmersio
The Percentage of Changing in B Area b/
Area a
Figure 5 : intact stability properties which are directly

change with changing B.

40

30 —\
20

=0 of max GZ

N\

~#-Passenger
crowding:
angle of
gty

20 angle of

equilibrium

10

0

-10%B -5%B B \.45%B +10%B

-10

30 W

The Percentage Change

20 —=angle of van.
GZ

Percentage of Changing in B

Figure 6 : intact stability properties inversely change
with changing B.

To study the sensitivity analyses of tested damage stability
properties to ship beam, the Figure 7 discusses the here-
coming condition. Where, the limiting criterion (B) is applied
to the model, i.e., changing the breadth systematically for the
same length and height.
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GZ curve
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Figure 7 : Damaged stability properties with changing B

To study the sensitivity analyses of limiting KG to ship's
beam, the Figure 8 is related to intact limiting KG analysis
while Figure9 is related to damaged limiting KG analysis
verse displacement from 350 ton to 460 ton.
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c o
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gE s )
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8 E 1
[}
£ £ :
Displacement
Figure 8: Limiting KG (intact case criteria) with
changing B
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8 .E 0 L B
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-
o =0 —-10%8
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£ = X
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-20 )
Displacement

Figure9: Limiting KG (damaged case criteria) with
changing B

3.5.2 Sensitivity analyses of stability properties to
ship's depth

To study the sensitivity analyses of tested intact stability
properties to ship depth, both Figure 10 and Figure 11 discuss
the here-coming conditions. Here, the limiting criterion (D) is
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applied to the model, i.e., changing the depth systematically
for the same length and breadth; assuming the same KG.

10
——A0:40
[
1) 5
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5
et
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o
E 10
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9 5 ¢
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» Gz
angle of
Percentage of changing in D van. GZ

Figure 10 : intact stability properties which are
directly change with changing D.
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Figure 11 : intact stability properties inversely change
with changing D.

To study the sensitivity analyses of tested damaged
stability properties to ship depth, the Figure 12 discusses the
here-coming condition. Where, the limiting criterion (D) is
applied to the model, i.e., changing the depth systematically
for the same length and breadth.
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Figure 12 : Damaged stability properties with
changing D




To study the sensitivity analyses of limiting KG to ship's
depth, the Figure 13 is related to intact limiting KG analysis
while Figure 14 is related to damaged limiting KG analysis
verse displacement from 350 ton to 460 ton.
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Figure 13 : Limiting KG (intact case criteria) with

changing D
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Figure 14: Limiting KG (damage case criteria) with

changing D

3.5.3 Sensitivity analyses of stability properties to
ship's length

To study the sensitivity analyses of tested intact stability
properties to ship length, both Figure 15 and Figure 16
discuss the here-coming conditions. Here, the limiting
criterion (L) is applied to the model, i.e., changing the length
systematically for the same depth and breadth; assuming the

60
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-30 van. GZ
-40
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Figure 16 : intact stability properties inversely change
with changing L

To study the sensitivity analyses of tested damaged
stability properties to ship length, the Figure 17 discusses the
here-coming condition. Where, the limiting criterion (L) is
applied to the model, i.e., changing the length systematically
for the same depth and breadth; assuming the same KG.
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Figure 17 : Damaged stability properties with
changing L

To study the sensitivity analyses of limiting KG to ship's
length, the Figure 18 is related to intact limiting KG analysis
while Figure 19 is related to damaged limiting KG analysis
verse displacement from 350 ton to 460 ton.
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Figure 15 : intact stability properties which are
directly change with changing L
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Figure 19 : Limiting KG (damaged case criteria) with
changing L

3.5.4 Sensitivity analyses of stability properties to
changing the Ilength of a damaged
compartment

To study the sensitivity analyses of tested damaged
stability properties to the length of a damaged compartment,
the Figure 20 discusses the here-coming condition.
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Figure 20 : Damaged stability properties which are
change with changing the length of a compartment
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To study the sensitivity analyses of damaged limiting KG
to the length of a damaged compartment, the Figure 21
discusses the here-coming conditions where damaged
limiting KG curve is verse displacement from 350 ton to 460
ton.
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Figure 21 : Limiting KG (damaged case) with the
length of a compartment

3.6 DISCUSSION OF RESULTS
3.6.1 Intact stability criteria analysis

As a culmination of the present study, the following
observations have been deduced.
In

Figure 5 and Figure 6, it is found that for lower L/B:

. The areas under GZ curves until 40" are increasing.
. The value of max GZ has increased.
. The value of initial GM has increased.

Whereas, for the same figures:

. The angle of max GZ has decreased signifying it
started earlier.

. The range of positive stability has decreased.

. The angles of equilibrium due to passenger
crowding and due to turning have decreased.

. The deck immersion angle has decreased.

Whether, In Figure 10 and Figure 11, it is found that for
lower L/D:

. Areas under GZ curves until 40° are increased.

. Value of max GZ has increased.

. Value of initial GM has considered unchanged

. Angle of max GZ has increased.

. Range of positive stability has increased.

. Angle of equilibrium due to passenger crowding
and due is considered unchanged

. Deck immersion angle has increased.

. Weather criteria have decreased.

As for, in Figure 15 and Figure 16, although there is no
direct relationship between the length of the vessel and its
intact stability, yet the changes resulting from these analyzes
are factors of the ratio of length to breadth . The shorter the
vessel with a shorter length and wider breadth improves
significantly the stability of the ship.

3.6.2 Damaged stability criteria analysis

It was found that in the final condition after assuming a
damage to a specific compartment:
In Figure 7, it is found that at the lower L/B:



. The higher value of max GZ after damage.
. The higher value of GM
. Area under the residual GZ curve has increased

In Figure 12, it is found that at the lower L/D:

. The higher value of max GZ after damage.
. Slight change of GM.
. The Area under the residual GZ curve has

increased.

Whereas, for Figure 18 the changes resulting from these
analyzes are factors of the ratio of length to depth. This leads
to larger freeboard which improves the ship’s stability, as it
produces reserve buoyancy in damaged condition.

Referring to Figure 20, it is evident that the shorter the
compartments under bulkhead deck are the best for damage
calculations.

3.6.3 Limiting KG analysis

In Figure 8, Figure9, Figure 13, Figure 14, Figure 18 and
Figure 19; it is clear that the max allowable value for KG is
increased for ships which has lower L/B or L/D for intact and
damaged conditions. The reason is that increased breadth
improves significantly the stability of the ship and the
increased depth increases the reserve displacement.

Referring to damage calculations in Figure 21, it is evident
that the shorter the compartments under bulkhead deck the
higher the limiting KG.

4. CONCLUSION

For design purposes, the investigation of the effects of
ship’s design parameters on the limiting KG in intact and
damaged conditions may help in better choice of ship's
proportions which insure a sufficiently high limiting KG for
the ship satisfying the IMO-SOLAS criteria.

Stability criteria are certainly dependent on the dimensions
and shape of the vessel, and accordingly, determining the
Limiting Deadweight moment and the limiting KG standards
that meet specific criteria for damage and stability in the
initial stages of vessel design KG are very important to
measure the vessel's ability to withstand severe damage
during service, requiring that the designer is aware of the
relationship between this measure and the ship's dimensions.

The lower L/B and/or lower L/D produce higher limiting
KG and higher margin of Stability properties; i.e., the high,
short and wide hulls are better. Nonetheless, Stability criteria
are not the single criteria, although it is the most important in
determining the dimensions of the ship. Nevertheless, all
factors have to be taken into account. For instance, the
increase in the height of the passenger ship leads to improve
the stability as a result of the increased reserve buoyancy in
damaged condition. Furthermore, the increase in the height
leads to an increase in the ship’s dead weight consequently its
cost. Moreover, the ratio B/H and its relation to the ship’s
transverse strength should not be ignored.

The wider hulls with higher depth are better for limiting
KG, but when determining L/B we must take into account the
deck immersion angle. The lower L/B reduces the deck
immersion angle.

With reference to damage calculations, it is clear that the
shorter the compartments under bulkhead deck the higher the
limiting KG, but the shortening of, any compartment must be
handled carefully, especially, if the compartment in question
is the engine room, as it is important to facilitate the fitting of
equipment and movement of personnel through the
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compartment . The shortening may also increase the number
of watertight bulkheads and consequently the light weight of
the ship.
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