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1. Introduction to Subdivision and
Damage Stability
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Two Methods to Measure the Ship’s Damage Stability

. Statical Stability Curve
Compertment2 | Compartment3 (GZ Curve)
P T T Clu |10 i
e, 1INl

LS

0 50
Heeling Angle

-

€,
tﬁz How to measure the ship’s stability in a damaged condition?

Deterministic Method : Calculation of survivability of a ship
based on the position, stability, and
inclination in damaged conditions

Probabilistic Method : Calculation of survivability of a ship
based on the probability of damage

Noval Architectural Calculation, Soring 2016, Myung-Il Roh ’!dlﬂb 5

Overview of Probabilistic Method
- Subdivision & Damage Stability (SDS)

Probabilistic Method |

The probablllty of damage "pi" that a compartment or group of compartments may be flooded
at the level of the deepest subdivision draft (scantling draft)

u

The probabillty of survival S, after flooding in a given damage condition.

The attained subdivision index “4” is the summation of the probability

of all damage cases.
A= Py XS+ Py XSy + pyXs;+oeepXs,

=Zpixs[

The required subdivision index “R” is the requirement of a minimum
value of index "4 for a particular ship.
Roj__ 128

LS + 152 where, “L" is called subdivision length and related with the ship’s length.

A= R
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Ship Types for Subdivision & Damage Stability
M Bulk carriers, Container carriers, Ro-Ro ships having over 80m in
length
M Passenger ships of any length
Deterministic Damage Stability Probabilistic Damage Stability
Ship Type Freeboard Type
ICLLY MARPOL? IBC 1GC4 SOLAS®
AS (o} o
Oil Tankers
: o
Chemical Tankers A o o
Gas Carriers B (o]
B (o]
Bulk Carriers B-60 (o)
B-100
Container Carriers
: Ro-Ro Ships B (o}
i Passenger Ships
Noval Architectural Calculation, Soring 2016, Myung:l Roh ’g.mmmu_dl"‘b ?

Definition of Subdivision Length (L,) (1/2)

M The greatest projected molded length of that part of the ship at
or below deck or decks limiting the vertical extent of flooding
with the ship (12.5m) at the deepest subdivision load line

Upper deck Fore castle deck

y 3

T —
Subdivision Length Lg
(a)

Subdivision Length Lg

(b)
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Definition of Subdivision Length (L)) (2/2)

5 | j : o ds+12.5
/ ]1:5
Mayi ds

im —;

damage
height /

Subdivision Length Lg
(c)
[ Buoyant Hull [[Z0] Reserve Buoyancy [l Reserve Buoyancy, Not Subject to Damage

Space for Space for

mooring mooring and anchoring

equipment equipment

= ds+12.5 m
Maximum \
dan.1age Subdivision Length Lg
height
(d)

l:l Buoyant Hull I:I Reserve Buoyancy
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Required Subdivision Index (R)

M The regulation for subdivision & damage stability are intended to provide
ships with a minimum standard of subdivision.

M The degree of subdivision to be provided is to be determined by the
required subdivision index R.

M The index, a function of the subdivision length (L,), is defined as follows.

m for cargo ships over 100m in Lg: 128
L +152
m for cargo ships of 80m in Lg and upwards, but not exceeding 100m in length Lg:
R=l-————
Ly R,
I+ —x—2—
100 1-R,
where R, is the value R as calculated in accordance with the formula relevant to ships over
100 min Lg.
m  for passenger ships
_ 5000
I+ Lg+2.5N +15225

where, N=N;+2N,, N;: number of persons for whom lifeboats are provided, N,: number of
persons (including officers and crew) the ship is permitted to carry in excess of N,

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’“dlﬂb 10
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Attained Subdivision Index (4)

M The attained subdivision index A, calculated in accordance with
this regulation, is to be not less than the required subdivision
index R.

A>R Where 4=0.44 +0.44, +0.24,

M The attained subdivision index A is to be calculated for the ship
by the following formula.

ASDApaAl :Z(pixsi)

Where,
i: Represents each compartment or group of compartments under consideration.

pi: Accounts for the probability that only the compartment or group of compartments under consideration
may be flooded, disregarding any horizontal subdivision, p; is independent of the draft but includes the
factor r.

s;: Accounts for the probability of survival after flooding the compartment or group of compartments under
consideration, including the effects of any horizontal subdivision, s; is dependent on the draft and includes

the factor v.

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 1

Considerations for Loading Conditions and Drafts

M The SDS calculation is carried out on the basis of three standard
loading conditions relevant to the following drafts.

M The deepest subdivision draft (d,): corresponding to summer draft
(scantling draft)

M The light service draft (d)): corresponding to the lightest loading
condition ("ballast arrival condition”) included in the ship’s
stability manual

M The partial subdivision draft (d): corresponding to the light
service draft (d)) plus 60% of the difference between the deepest
subdivision draft (d,) and the light service draft:

d,=d,+0.6(d, —d,)

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 12
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Overall Procedures to Evaluate the Probabilistic Damage
Stability

Defi_n!ti_on of virtual Subdivision of Definition of damaged
subdivision bulkheads compartments compartments

Generation of damage cases

Logati Calculation of the
. Logation of damaae probability of damage (p;)
_F Location of damage

Extent of damage

¥
. Calculation of the
Extent of flooding probability of survival (s;)
Comparison with the Calculation of the
required subdivision «——— attained subdivision
index (R) index (A)
Noval Architectural Calculation, Soring 2016, Myung:ll Roh ’g.mmn_dl"‘b 13

2. Definition of Virtual Subdivision
Bulkheads
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Definition of Virtual Subdivision Bulkheads
- Compartment vs. Zone

Compariment 1 Compar{lment 2 Compariment 3

Zone 1 Zone?2 Zone3 Zoned4 Zone5 Zoneb

Compartment — an onboard space within watertight boundaries.
®» Actual subdivision of the ship.

Zone - a longitudinal interval of the ship within the subdivision length.
®» Conceptual subdivision for calculation of the probability of

u__n

damage “p,".

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 15

Definition of Virtual Subdivision Bulkheads
- One Zone Damage Case vs. Multi Zone Damage Case

Compariment 1 Compariment 2 Compariment 3

x1 x2
Zone 1 Zone?2 Zone3 Zone4d4 Zone5 Zoneb6

Only one zone is damaged, this case is called "one zone damage case”.
Two adjacent zones are damaged, this case is called “two zone damage case”.

Example) One zone damage case: (Zone 1), (Zone 2), ...
Two zone damage case: (Zone 1, Zone 2), (Zone 2, Zone 3), ...

And, the length of damage in this case can be expressed by x1 and x2.

x1 = the distance from the aft terminal to the aft end of the zone in question.
x2 = the distance from the aft terminal to the forward end of the zone in question.

x; and x, represent the terminals of the compartment or group of compartments.
* Compartment: Onboard space within watertight boundaries.
* Zone: Longitudinal interval of the ship within the subdivision length.

16
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3. Probability of Damage (p))
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Probability of Damage

A:Zpixsi ) o I{

-

& [What is the factor "7 | 7 sy f damage
s;: Probability of survival
: Probability of damage that a compartment or group of
compartments may be flooded at the level of the deepest subdivision
draft “ds”, that is, scantling draft.

: Related to the generation of “Damage Case”

®» Dependent on the geometry of the ship
(Watertight arrangement and main dimensions of the ship)

p=pr

p: The probability of damage in the longitudinal subdivision
r: The probability of damage in the transverse subdivision

» Not dependent on the draft. Thus, we use the deepest subdivision draft “ds”

Naval Architectural Calculation, Spring 2016, Myung.| ILRoh

ydlab




Probability of Damage in Longitudinal
Subdivision (p)

Naval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 19
Consideration of the Probability p=pr
Related to the Longitudinal Subdivision p=pLa2 L,
T \mm|«w|wm?ﬁ <
i What is the factor “p"? . —
)
[ A A

: Probability of damage in the longitudinal subdivision

p=plx2,L)
\ Subdivision Length (L )

Damage —»

Length of Damage X, X, X X,

: The factor “p” is dependent on the length of damage (x2 —x1) and
the subdivision length "L of a ship.

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 20
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[Example] Box-Shaped Ship p=pr
- Damage Generator p=p(lx2,L

2

u_u

C,i; | How can we obtain the value of “p” for a box-shaped ship?

Compartment1|Compartment2 | Compartment3 T

z I B

v'Assume that the dimensions of the compartments are same.

v The ship is damaged by the “damage generator” defined by the extent
of damage in horizontal, transverse, and vertical direction.

"

v Define that the each end point of the “damage generator” is “¢” and

"b".
z  F
Naval Architectural Calculation, Spring 2016, Myung.| 1l Roh ’!dlﬂb 21
[Example] Box-Shaped Ship p=pr

- Damage Length p=p(xl,x2,L
-

Cj’} |What is the “"damage length” (length of the damage)? |

Compartment 1 Compartment 2 Compartment 3

,
:
=

IIIQ

al o—O bl

:
ﬂ-b

X, X, Xy X,

For example, when one compartment is damaged, the end points
become “al” and “b1”.

v What we consider in this part is “damage length”. Each end of the
damage length is “x1“ (left) and "x2“ (right) and we can calculate the
probability of damage by this length (x2 —x1).

* The damage length is represented by the non-dimensional damage length
in the SOLAS regulation:

Non-dimensional damage length: “J " = (o=x)

LY

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’“dlﬂb 22
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[Example] Box-Shaped Ship p=pr
- Damage Zone p=pQELx2,L

2

i |What is the “"damage zone"? |

Zone 1 Zone 2 Zone 3

J e 9”“2‘;‘"&"”?

_ Compartmer

,\\\ \/

Compartment 3

X, X, X3 X, :terminal of the zones

v Damage zone is a longitudinal interval of the ship within the
subdivision length.

v In general, the zones are placed in accordance with the watertight
arrangement. However, the zones can be placed in accordance with the
virtual subdivision.

v For this example, we place the zones in accordance with the
compartments (the watertight arrangement).

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 23
[Example] Box-Shaped Ship p=pr
- One Zone Damage Case p=p(Lx2,L,

7t

€,
i.’} | How can we obtain the value of “p” when one zone is damaged? |

Zone 1 Zone 2 Zone 3

=
z B -
X X, X, x, : terminal of the zones
Example) What is the probability that zone 1 is damaged?
Probability that “a” is located in zone 1 ‘X‘ Probability that “4" is located in zone 1 ‘
1 1 21
— X —_ = —
3 3 9
Naval Architectural Calculation.Soring 2016, Myung:ll Roh ’Lmu_d"nb 2
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[Example] Box-Shaped Ship
- Two Zones Damage Case (1/2)

p=pr
p=p(xL,x2,L

1

®.
C’g | How can we obtain the value of “p” when two adjacent zones are damaged? |

Zone 1

Zone 2

Zone 3

O b

O a

Comp Comp c &z

1

X,

X3

x, : terminal of the zones

Example) What is the probability that zone 1 and zone 2 are damaged
simultaneously?

Probability that “a” is Probability that “5" is + Probability that “5" is X Probability that “a” is
located in zone 1 located in zone 2 located in zone 1 located in zone 2
— — + — X — = —

Naval Architectural Calculation, Soring 2016, Myung:ll Roh

I!dlﬂb 25

[Example] Box-Shaped Ship
- Two Zones Damage Case (2/2)

pi=pr
p=p(xLx2L

different representation method?

How can we obtain the value of “p” that two adjacent zones are damaged by

Zone 1 Zone 2 Zone 3
a Oo——— b
ho————— b a 3
n 7 g 1
; !
X, X, X. x, : terminal of
° the zones )
Example) What is the probability that zone 1 and 3
zone 2 are damaged simultaneously?

1

1

1

3 3 3
In the figure, the red area means the probability
hat zone 1 and zone 2 are damaged simultaneously.
Probabilit: Probabilit:
that “a" izl that “b" iz Probability Probability Probability Probability
located in X located in - that “a” is X that “p" is | — that “a" is X that “b" is
zone 1 or zone 1 or located in located in located in located in
zone 2 zone 2 zone 1 zone 1 zone 2 zone 2

Naval Architectural Calculation, Soring 2016, Myung:Il Roh

2017-01-24

13



[Example] Box-Shaped Ship p=pr
- Three Zones Damage Case (1/3) p=plx2, L

2

u_n

€.
"g | How can we obtain the value of “p” when three zones are damaged? |

Zone 1 Zone 2 Zone 3
ao ob
Comp .— c : T
b O Oa A p —
X, X, X, x, : terminal of the zones

Example) What is the probability that zone 1, zone 2, and zone 3 are damaged
simultaneously?

Probability that “a” is Probability that “5" is Probability that “5” is Probability that “a” is
located in zone 1 X located in zone 3 + located in zone 1 X located in zone 3
1 1 1 1 2
- X — + — X —_ = —
3 3 3 3 9
Naval Architectural Calculation, Spring 2016, Myung:Ill Roh ’!dlﬂb 27
[Example] Box-Shaped Ship p=p-r

p=p(xL,x2,L

- Three Zones Damage Case (2/3)

when three zones are damaged? [In the figure, the red area means the probability that

7 . . . -
i How can we obtain the value of “p” by different representation method
zone 1, zone 2, and zone 3 are damaged simultaneously.

Zone 1 Zone 2 Zone 3
b
o a 5
oo} 5 3
X X, X, x, : terminal of
: ’ the zones 1
. .re 3
Example) What is the probability that zone 1, zone 2,
and zone 3 are damaged simultaneously? 1 1 1
3 3 3
Probability that “a” is located in X Probability that “5" is located in g % é Representation in terms of ")
zone 1 or zone 2 or zone 3 zone 1 or zone 2 or zone 3 3 3 |f‘> p(x,,x4)
— | Probability that “a” is located in Probability that “»" is located in 2 2
zone 1 or zone 2 x zone 1 or zone 2 3 X 3 E> p(x;,x;)
— | Probability that “4" is located in Probability that “5" is located in | 2 2
zone 2 or zone 3 X zone 2 or zone 3 3 X 3 E> p(x2’x4)
Probability that “a” is located in Probability that “b” is located in | 1 1
+ zone 2 X zone 2 3 x 3 E> p(xz’x:»)
2
) 28
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[Example] Box-Shaped Ship p=pr
- Three Zones Damage Case (3/3) p=plx2, L

LE

€. | How can we obtain the value of “p” by different representation method

C,g when three zones are damaged? [In the figure, the red area means the probability that
Zone 1 Zone 2 Zone 3 zone 1, zone 2, and zone 3 are damaged simultaneously.
ao o b
b & o a g

1

3

., : terminal of

the zones 1
3
1 1 1
.3, 3 3
Representation in terms of “p”
3 3
3 X 3 E> p(x,x,)
: 2 2
e E> P(x,x;)
i 3 3
P2 <2 E> p(xy,x,)
In the figure, the red area means the probability that 33
one 1, zone 2, and zone 3 are damaged simultaneously. 1 « 1 E> p(xzy)%)
3 3
_2
) 29

[Example] Box-Shaped Ship p=pr
- Total Damage Cases p=p(Lx2,L,

Zone 1 Zone 2 Zone 3 One zone damage case
P =p(x,x,)
Py = P(Xy, %)

ps = p(x3,x,)

Two zones damage case

Py = p(x, %)= p(x;,X,) — p(x,,%;)
' Pops = p(xy,x,)— p(xy, %) — p(x5,x,)

X,

Three zones damage case
Do = P(%,,X,)— p(x;, %) — p(xy,X,)

+p(x27x3)

* Assume that the factor “r” is constant(r=1).

Ps

1:?4 Bs After the calculation of the factor “p,” in
: i each damage case, we can calculate “s;” of
: Ps i “that damage case” in a given draft such

as “dp”, “ds”, “dl”.
A= Z piS;

p(xi,xj): This function gives the probability of all cases when the compartments between ith subdivision
line and jth subdivision line can be damaged.

P )23

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’“dlﬂb 30
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[Reference] Recurrence Formula for p=pr
Three or More Adjacent Zones Damage Case p=p0lx2, L,
Three zones damage case: — .
Ds = p(xl,x4)—p(xl,x3)—p(x2,x4)
+p(xy, ;) it E a ]

Three or more adjacent zones,
pure subdivision:

Pin= p(X1/"xz/+n—l)
—p(xl;,x2,,, )= p(xl,,,x2,,,,)

+p(xl, %2, )
where, n: number of zones n=1 n=2
to be damaged

' lj .X’zj le .\’2, or X lj+1 x2i .x’l,— ,\’2j orxljt _x’2j+,,,z or .Ylﬁ,,,l -X"2j+n—1
J i j+1 J L eee| =2 jn—1
(a) (b) (©
Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’!dlﬂb 31

[Reference] Calculation of the Probability of Damage
by Using the Area of Triangle

Zone 1 Zone 2 Zone 3 p(x;, x;) means the probability
that all compartments between
x; and x; are damaged, and it
can be calculated from the area
of triangle which side length is
the distance from x; to x;.

For example, p(x,, x;) means the
probability that includes a
damage case of zone 1, a case
of zone 2, and a case of zone 1
& 2, and it can be calculated
from the area of blue triangle in
the left figure.

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 32
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Probability of Damage in Transverse
Subdivision (r)

Naval Architectural Calculation, Soring 2016, Mvung:ll Roh I!dlﬂb 33
Consideration of the Probability p=pr

Related to the Transverse Subdivision (1/2)

T
i Is there only longitudinal subdivision to consider “p,"?

dS: Deepest subdivision draft

L

Compartment 1| Compartment 2 | Compartment 3

/1\ No!

» We have to consider the probability related to the transverse
subdivision and penetration.

* The probability of damage in transverse subdivision and penetration is
represented by the factor "r".

u__u

* The factor “r" is determined after deciding the longitudinal damage
case.

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’!dlﬂb 34

2017-01-24

17



Consideration of the Probability _
Related to the Transverse Subdivision (2/2) ~ f=fem=demmml D .

2 p=pr r=r(x,x2,bk,L)
b: penetration depth

i | What iS the factor "r"? | k: the number of a particular longitudinal bulkhead

: Probability of damage in the transverse subdivision

r=r(x1,x2,b,k,L)

D Damaged compartments
\:| Flooded compartments

Damage

i
'
'
'
=

k=2 k=1k=0

: The factor “7” is dependent on the penetration depth “4” and the
number of a particular longitudinal bulkhead “%".
Where, "k" is counted from shell towards the centerline. And
“b" is measured at deepest subdivision draught “4".

Noval Architectural Calculation, Soring 2016, Myung:l Roh ’!dlﬂb 35

Range of the Factor “b”
Towards the Centerline (1/4)

p=pr r=r(xLx2,bk,L)

b: penetration depth
k: the number of a particular longitudinal bulkhead

1t
u_u

c:‘; What is the factor “+* when this factor “5" is zero?
And what is the factor “+* when this factor “b" is B/2?

Where “B" is the maximum breadth of the ship at the deepest
subdivision draught "d.".

The value of “#" is equal to 0, if the penetration depth is 0.

The value of " is equal to 1, if the penetration depth is B/2.

i|§ “b" is not being taken greater than B/2.
~ The transverse penetration is calculated only considering one
side of the ship. (Assumption: The hull form of the ship is symmetric.)

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh ’“dlﬂb 36
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Range of the Factor “»”
Towards the Centerline (2/4) e

p=pr r=r(x,x2,b,k,L)

b: penetration depth
k: the number of a particular longitudinal bulkhead

7

€,
?; Why the factor “5” is only considered to extend to B2 ?

When the first compartment is damaged,

k2

\:l Damaged compartments
Flooded compartments

i 6.Myung: 1l Roh ’!dlnb 37

Range of the Factor “b” |
Towards the Centerline (3/4) S i a2 i

p,=pr r=r(xLx2,bk,L)
b: penetration depth
k: the number of a particular longitudinal bulkhead
9t

€,
i‘; Why the factor “5” is only considered to extend to 52 ?

When the second compartment is damaged,

It is the most severe damage case because the factor “b”
is considered to extent to B/2.

Damaged compartments
\:l Flooded compartments

i 6. Myung:| 1l Roh I“G“Glb 38
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Range of the Factor “»” g

Towards the Centerline (4/4) i
p=pr r=r(xl,x2,b,k,L)

b: penetration depth
k: the number of a particular longitudinal bulkhead

7

€,
?; Why the factor “5” is only considered to extend to B2 ?

It is the most severe damage What if the factor "b" is
case because the factor "b" is considered to extent to B?
considered to extent to B/2.

)

Because the result calculated for one side of the ship causes more severe result
than for both side of the ship, the factor "b" is only considered to extend to B/2.

Noval Architectural Calculation, Soring 2016, Myung:l Roh ’!dlﬂb 39

Vertical Extent

- u Hi E! her Extent" Compartment 1| Compartment 2| Compartment 3

T

The assumed vertical extent of damage is to extend from the baseline
upwards to any watertight horizontal subdivision above the water line or
higher. That is, higher horizontal subdivision is also to be assumed.

Example) k=1
| i | i i i
T T T T
1 1 1 1
1 1 1 1
oo Higher than A
1 1 . 1 1
the water line
,,,,,,, RN SR B K5 e e 2 d
o ; o ‘
1 1 1 1
1 1 1 1
1 >3 1
i € Damage i i|_ Damage
1 1 1 1
i i j 3 i i
¢ k=3 k=2 k=1 k=0
“Normal extent” “Higher extent”
Damaged compartments
Flooded compartments 40

2017-01-24
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Vertical Extent
- " Lesser Extent" Compartment 1| Compartment 2| Compartment 3

ekH=F--

T
i The flooding always extends to baseline?

£\ No!
If a lesser extent of damage will give a more severe result, such extent
is to be assumed.

Example) k=1
| i | i i i
T T T T
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
....... PR WY S 2 ﬁ SRR TN I £
1 1 1 1
1 1 1 1 S
1 1 1 1
— - : | <— Damage
i Damage i
1 1 1 1
; 1 ; 1 1
k@:3 k=2 k=1 k=0 k=3 k=2 k=1 k=0
“Normal extent” “Lesser extent”
Damaged compartments
|:| Flooded compartments 41

Case 1) Three Longitudinal Bulkheads

(2 Wing Tanks+2 Cargo Holds) p=p-r el ) L L
[ . . "

Assume that we calculate the value of rin the port side.r =r(x1,x2,b,k.L,)

* b lls measured at deepeSt SUbdiViSion draft ds) I[z ﬁweenf\gfrgil?er: gfegt?)amcular longitudinal bulkhead

i | How can we obtain the value of “+” for a box-shaped ship?

Long. bulkhead  Cargo hold ~ Wing tank

v
b
2 zsd,
. < Damage
kk2 k=1k=0 kk2 k=1k=0
Starboard ¢ Port ¢
k=2: b=b,=B/2
k=1: b=b, = D=0,
- (wing tank(P)+cargo
(wing tank(P)) hold(P))
\_[ Damaged compartments
\:l Flooded compartments
- sydlab -

2017-01-24
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Case 2) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold)

Assume that we calculate the value of rin the port side.
* b is measured at deepest subdivision draft (d,).

i | How can we obtain the value of “+” for a box-shaped ship?

Long. bulkhead  Cargo hold ~ Wing tank

v
b
2 od,
< Damage
k=2 k=2 k=1k=0
Starboard ¢_ Port ¢_

k=1: b=b, k=2: b=b,=B/2

(wing tank(P)) (wing tank(P)+cargo hold)

\:l Damaged compartments
Flooded compartments

il S . Myung:| 1L Roh

I!dlﬂb 43

Case 3) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks)

————— — . .
Assume that we calculate the value of rin the port side.
* bis measured at deepest subdivision draft (d,).

i | How can we obtain the value of “+” for a box-shaped ship? |

Long. bulkhead Cargo hold ~ Wing tank

H bg g ds
N € Damage
| k=2 k=1k=0 k=2 k:1k=0
ouble
Eottom tank ¢_ ¢_

k=1: b=b, k=2: b=b,=B/2

(wing tank(P)+double bottom (wing tank(P)+double bottom

tank(P)) tank(P)+cargo hold)

Damaged compartments
\:l Flooded compartments

ij . Myung:| 1L Roh

l“dlﬂb a
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Case 3) Two Longitudinal Bulkheads
(2 Wlng Tanks+1 Cargo Hold+2 Double Bottom Tanks)

Assume that we calculate the value of rin the port side.
* bis measured at deepest subdivision draft (d,).
“r" for a box-shaped ship? |

Cg | How can we obtain the value of
| * Lesser extent damage cases

Cargo hold ~ Wing tank

Long. bulkhead

ou eT £ k=1k=0

Eottght tank ¢_ ¢_
k=1: b=b, k=2: b=b,=B/2

(wing tank(P)) (wing tank(P)+cargo hold)

\:l Damaged compartments
I!dlﬂb 45

Flooded compartments

S . Myung:ll Roh

ort side. [ | Damaged compartments
Flooded compartments

Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct)

_——
Assume that we calculate the value of rin the
*bi Is measured at deepest subdivision draft (d)

(}fz | How can we obtain the value of “+” for a box-shaped ship?

Long. bulkhead Cargo hold ~ Wing tank
b,
: > -=>d,
Pipe duct } #
\ [ [ | & Damage
Double &:3 k=2 k=1k=0 =3k=2 k=1k=0
bottom tank
k=1: b=b, k=2: b=b,
(wing tank(P)+double bottom tank(P)) (wing tank(P)+double bottom tank(P)+cargo hold)
If the upper part of a longitudinal bulkhead is below
b the deepest subdivision load line, the vertical plane
' 2 s d used for determination of b is assumed to extend
"' upwards to the deepest subdivision waterline.
i Damage
k=3k=2 k21k=0 k=3: b=b;=B/2
¢ (wing tank(P)+double bottom tank(P)+cargo hold+pipe duct) a6




Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct)

Assume that we calculate the value of rin the port side.
* b is measured at deepest subdivision draft (d,).

Damaged compartments

Flooded compartments

i | How can we obtain the value of “+” for a box-shaped ship?

| * Lesser extent damage cases
Long. bulkhead Cargo hold  Wing tank

v
i b,
; =d,
Pipe duct i <
ipe ui : q < Damage
P R [ 1
Double’ £3 k=2 k*1k=0 =3k=2 k=1k=0
bottom tank &. 1&_
k=1: b=b, k=2: b=b,
(wing tank(P)) (wing tank(P)+cargo hold)
In the flooding calculations carried out according to
the regulations, only one breach of the hull and only
b one free surface need to be assumed. The assumed
3 ivd ds vertical extent of damage is to extend from the

baseline upwards to any watertight horizontal
subdivision above the waterline or higher. However, if

Damage e
| a lesser extent of damage will give a more severe

k=3k=2 k21k=0k=3: b=by=B/2 result, such extent is to be assumed.
¢ (wing tank(P)+cargo hold)

47

Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct+Passageway)

Assume that we calculate the value of rin the port side.
* bis measured at deepest subdivision draft (d,).

Damaged compartments

Flooded compartments

i | How can we obtain the value of “+” for a box-shaped ship?

Long. bulkhead Cargo hold  Passageway

| — Wing tank || I L
i b,
: ds : = Y2 ds
Pipe duct “{ :
N =] Damage [ Damage

Double’ k=3 k=2 k=1k=0 T =7 foTr=0
bottom tank € ¢

k=1: b=b, k=2: b=b,

(wing tank(P)+double bottom tank(P)) (wing tank(P)+double bottom tank(P)+cargo hold)

f b,
R b
] Damage
k=3 k=2 k=1k=0 k=3: b=b,=B/2
¢ (wing tank(P)+double bottom tank(P)+cargo hold+pipe duct) 8

2017-01-24
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Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct+Passageway)

Assume that we calculate the value of rin the port side. Damaged compartments

* b |15 measured at deepest subdivision draft (d,).

€,
Cg | How can we obtain the value of “+” for a box-shaped ship?
| * Lesser extent damage cases

Flooded compartments

Long. bulkhead Cargo hold  Passageway

v i

b,

ot Z>d,
Pipe duct ”
: = Damage
P i
k=3k=2 k=1k=0

Double’ F=3 k=2 k=TFk=0
bottom tank

k=1: b=b,

(wing tank(P))

¢
k=2: b=b,
(wing tank(P)+cargo hold)

zd

Damage
k=3: b=by=B/2
(wing tank(P)+cargo hold)

S

1

k=3k=2 k=1k=0

¢

49

Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct+Passageway)

Damaged compartments

Assume that we calculate the value of rin the port side.
* bis measured at deepest subdivision draft (d,).

i | How can we obtain the value of “+” for a box-shaped ship?

Flooded compartments

| * Higher horizontal subdivision

Long. bulkhead Cargo hold  Passageway
] : Wing tank . : -
: b,
d —— =
Pipe duct '
N 1571 Damage [ < Damage
Double’ k=3 k=2 k=1k=0 T =7 foTr=0
bottom tank (o ¢
k=1: b=b, k=2: b=b,
(wing tank(P)+double bottom tank(P) (wing tank(P)+double bottom tank(P)+cargo hold
+passageway(P)) +passageway(P))
|| o In the flooding calculations carried out according to the
] regulations, only one breach of the hull and only one free
b
x 3 s d surface need to be assumed. The assumed vertical extent of
m = s damage is to extend from the baseline upwards to any
; watertight horizontal subdivision above the waterline or
— Damage higher. However, if a lesser extent of damage will give a more
I | severe result, such extent is to be assumed.
F=SE=2 T=TR=0K=3: h=h,=B/2
¢ (wing tank(P)+double bottom tank(P)+cargo hold+pipe duct+passageway(P)) 50

2017-01-24

25



Case 4) Two Longitudinal Bulkheads
(2 Wing Tanks+1 Cargo Hold+2 Double Bottom Tanks+Pipe Duct+Passageway)

Assume that we calculate the value of rin the port side. [ | pamaged compartments
* b is measured at deepest subdivision draft (d,). [ | Flooded compartments

€,
Cs | How can we obtain the value of “+” for a box-shaped ship?
* Higher horizontal subdivision | * Lesser extent damage cases

Long. bulkhea: AU O P aSSayeWaY
v
b,
; <>d;
Pipe duct <
ipe Iui | .’" Damage
Doumef T=3 k=2 k=1£k=0 ToTk=7 F=TF=0
bottom tank C
k=1: b=b, k=2: b=b,
(wing tank(P)+passageway(P)) (wing tank(P)+cargo hold+passageway(P))
- b3_
e = ds
Damage
ToTR=2 FoTFre0 k=.3: b=by=B/2
(wing tank(P)+cargo hold+passageway(P))
¢ 51
H “n_u P: Damage generator (e.g., Awl)
Calculation of the value of “r ] o e
B/2=20 B/2=20 B/2=20
3 14 3 3 14 3 3 14 3
P t—r > 4+ t—r 4> P t——r >
P E.s Sls P gs
of o [of o @ |of ol @ o]
[ | [ | [ |
T=3 k=2 k=1Fk=0 T=3 k=2 k=1k=0 T=3 k=2 k=1£=0
> —> —>
b, ¢ b, C—p

* Actual ratio can be different in the figures.

Definition of r(b,) in SOLAS
r(b,): Probability that “P” is located between the bulkheads of 0 and k
: Probability that “P" is located in the position O = Area of (@ / total area

r(b,): Probability that "P" is located between the bulkheads of 0 and O % 0
(b)) : Probability that "P" is located between the bulkheads of 0 and 1 % 3/20
7(b,): Probability that "P" is located between the bulkheads of 0 and 2 = 17/20
r(b;) : Probability that "P" is located between the bulkheads of 0 and 3 = 20/20

7, (b, ,b,_,) =r,: Probability that compartments are damaged up to “P”
1 =r(b)—r(b)=3/20-0=3/20
r,=r(b,)—r(b)=17/20-3/20=14/20 r.(x1,x2,b,,b, ) =r(xL,x2,b,)—r(x1,x2,b,_,)

1y = r(by)—r(by) =20/20-17/20=3/20 Simply, 1, =r(b,)—r(b,_,) =

2017-01-24
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[Example] 7,000 TEU Container Carrier ,—,ui,x2,b41)
= One Zone Damage: 28 Z&eens\ginnboer:g??gamcular longitudinal bulkhead
"":

€,
iﬂ; | How can we obtain the values of “»“?

/

Upper Deck
NO1 PASSAGEWAY(P)

nos wwetP)  Extend the concept learned from
the examples of a box-shaped ship.

B.L.

PIPE DUCT NO3 DB WBT(P)

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 53

4. Probability of Survival (s,)

Naval Architectural Calculation, Spring 2016, Myung:| 1l Roh l!dlﬂb 54

2017-01-24

27



Probability of Survival (1/2)

A=Zpl.><sl. : . t

.
€, R A: Subdivision index
(}.; |What is the factor “S,-”? | p;: Probability of damage

s;: Probability of survival
: The factor “s;” is the probability of survival after flooding in a given
damage condition.

: Calculation the probability of survival in a given “Damage Case”

®» Dependent on the “initial draft (d, d, d)"

Noval Architectural Calculation, Soring 2016, Myung:l Roh ’!dlﬂb 55

VA A

——

ISVITE ===k
.

i What is related to the factor “s,”?
s, =s,(0,,0,GZ

Probability of Survival (2/2)

Range, Flooding stage) (For cargo ships)

max ?

u_n

: The factor “s” is to be calculated according to the range of GZ curve and
GZ,

max-*

Statical Stability Curve
(GZ Curve)

6,: Equilibrium point(angle of heel)

6, minimum(8,,6,)

0/ (in this case, 6, equals to 6,)
X > GZ,,0r: Maximum value of GZ

; max’ e orez
. \ Range: Range of positive righting arm

Flooding stage: Discrete step during the flooding

50
Heeling Angle

process
6; Angle of flooding (righting arm becomes negative)

0,: Angle at which an “opening” incapable of being closed weathertight becomes submerged

Naval Architectural Calculation, Soring 2016, Myung:Il Roh ’“dlﬂb 56
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Consideration of Horizontal Subdivision in Flooding Stage

- Factor Ve

When the horizontal watertight boundaries above the waterline are

" _n

considered, the “s," value is obtained by multiplying the reduction factor

Vm '

“v,," represents the probability that the spaces above the horizontal
subdivision line will be flooded or compartments will be damaged.

Where “m" represents each horizontal boundary counted upwards from the waterline
under consideration.
Example) k=1, m=3, d=d,

1 1 ! —
. = . ---. m=3
i i m 3Probablllty of! R
! ! ——-. m=2 damage ! ! e om=2
! 1 () ! 1
! N e m=1 |:> ! A ey EEEEE m=1
] ! ! i
: 5 v G | 1 64% Damage
[ le R ! =%
1 | ! 1
\ 1 1 !
1 1
1 1 L U
k3 ky2 kel k=0 k¥3 k2 kel k=0
¢
Damaged compartments
|:| Flooded compartments 57

Consideration of Horizontal Subdivision in Flooding Stage

- Factor “v,": Stage 1) Damage (Initial Condition) (1/4)

After determining the longitudinal and transverse damage cases, i.e., | : me om=3
p and r are determined, v, , and s, are calculated. s, is the | ! - om=2
probability of survival when the compartment is flooded up to deck ___ i I d”’='
number m. — i Demese
Example) k=1, m=3, d=d, -
1 1 1 L v

r . ) Vi, .v2,3‘ ke3 ke2 krl k=0

; ! =3 0 <5

. \ :

1 H :

; i A e |

i | !

! i Y o ' 12.5m

! 1 (Maximum damage height)

! |

1 1

. 1

; > <— Damage

I 1

i |

: Damaged compartments

kzl=3 kier k:cl k=0

¢ dA=p [V Suini T Vi2  Suina T V23 Sinins ]

v;: Probability of damage to m=1, v, ,: Probability of damage to m=1~2, v, ;: Probability of damage to m=2~3

Each probability is determined: (1) after normalizing the distance from the damaged part to 12.5m into the length of 1, (2) with
the ratio of height from the previous line to the corresponding horizontal subdivision line.

It is noted that this calculation should be performed after determining the longitudinal and transverse damage case. 58
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Consideration of Horizontal Subdivision in Flooding Stage
- Factor "vm": Stage 1) Damage (Initial Condition) (2/4)

However, the horizontal subdivision line located lower can be flooded easier than that
located higher. Therefore, the interpolation line between zero and one is modified as shown
in following figure.

Example) k=1, m=3, d=d, Va3
1 | —i e
=3[ 0 LIEOUER
- A as
m=2 EvAk m
12.5m

7.8m | (Maximum damage height)

3 3
[

F
1
1
1
1
1
1
1
1
1
1
1

> <— Damage
d
: /7 Damaged compartments
. | i
1 1 1
< _
dA - p re [VI ' smin,l + v1,2 ' Smin,Z + V2,3 ' smin,3]
where, Y v, =1
Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 59

Consideration of Horizontal Subdivision in Flooding Stage

- Factor “v,": Stage 1) Damage (Initial Condition) (3/4)

D
12.5m fk amage
V. (H,.d)
Rotate!
12.5m = 4
>€— Damage H-d 0
| d if 0<S(H-d)<7.8 then vm(Hm,d):O.SM
if 1.8<(H~d) then v,(H,,d)=0.8+ 0.2W

Therefore
v =v(H,,d), v,=v,(H,,d)-v(H,,d)

V2,3=v3(H3,d)—V2(H2,d) 2

2017-01-24
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Consideration of Horizontal Subdivision in Flooding Stage
- Factor "vm": Stage 1) Damage (Initial Condition) (4/4)

Example) k=1, m=3, d=d,

dA=p-r-[v, Sy + Vio Sming T Va3 'Smin,3]

; E H e w23 min,1

: ! e m=2 where,

i E x=|- m=1 VIZVI(Hl,d), V1,2:V2(H2’d)_V1(H1ad)

. : idx Vs =v,(H,,d)-v,(H,,d)

i , -

! X if 0<(H—-d)<18 then v, (H,,d) —0gn=d

. : __ (H,-d)-1.8
1

Y T8<(H =d) then v, (H,,d)=08+02-=0—"

The factor “v,," is dependent on the geometry of the watertight arrangement
(decks) “H,"” of the ship and the draft of the initial loading condition (d: d,, d, d).

Probability of damage of the compartment below m
’+ Probability of damage of all compartments below m
v, =v(H, ,d)-v(H, ,d)
Probability of damage of all compartments below m-1
dA=Dp; [V Sy + (V=) Spn + o+ (=0, 1) S ]
Where 4= ZdA, Z"x =1 The maximum possible vertical extent of damage is d+12.5m.
Then, the factor “H," is equal to 1. 81

Consideration of Horizontal Subdivision in Flooding Stage

- Factor v ": Stage 2) FIooding up to m=1
The factor "v," is dependent on the geometry of the watertight
arrangement (decks) “H," of the ship and the draft of the initial
loading condition (d: d,, d,, d)).
v, =v(H,,d)-v(H,_,d)
dA= D[V Sy + (V=) Sin + L=V, 1) S ]

Where 4= ZdA, ZV, =1 The maximum possible vertical extent of damage is d+12.5m.
Then, the factor "H,," equals 1.

m-12

Example) k=1, m=1 d=d,

k=
! i i

1

1

1

1

1

1

1

1

1

1

Stage 2) Flooding up to m=1

- om=2 |5 =V -8

i minl

L
' 4,Damage

L ;
Damaged compartments where,
Flooded compartments =

2017-01-24
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Consideration of Horizontal Subdivision in Flooding Stage
- Factor "vm": Stage 3) FIooding up to m=2
The factor "v," is dependent on the geometry of the watertight

arrangement (decks) “H," of the ship and the draft of the initial
loading condition (d: d,, d, d)).

v, =v(H, ,d)-v(H, .,d)
dA=Dp; [V Sy + (i =V Spin o L=V, ) S ]
Where 4= ZdA, Zv,. =1 The maximum possible vertical extent of damage is d+12.5m.

Then, the factor "H,," equals 1.

Example) k=1, m=2 d=d,
i Stage 3) Flooding up to m=2

: cee m=3
1

! = _— .

! Cm=2 S =V S

! m=1 n )

! V, =V, )-S_.

! Damage 2 1 min 2
1

1

é 1 1

Damaged compartments
|:| Flooded compartments

63

Consideration of Horizontal Subdivision in Flooding Stage

- Factor v ": Stage 4) FIooding up to m=3
The factor "v," is dependent on the geometry of the watertight
arrangement (decks) “H," of the ship and the draft of the initial

loading condition (d: d,, d,, d)).
v, =v(H,,d)-v(H,,,d)
dA=p; [V Sy + (V3 = V) Sy o+ L=V, 0) S

m-12

Then, the factor "H,," equals 1.
Example) k=1, m=3 d=d,

Stage 4) Flooding up to m=3

1 Ll A3

i | T m=2 Si :vl'Sminl

! - Im=1

i +(v, —Vv,) s

i ! dlDamage (2 1) min 2
i : H1H2H3 +( 1_VZ)"Smin3

é 1 1
Damaged compartments
Flooded compartments

Where 4= ZdA, Zv, =1 The maximum possible vertical extent of damage is d+12.5m.

64
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Attained Subdivision Index “A”
- Check of the Attained Index “A”

Three loading conditions are to be considered and the result weighted as
follows:

4,,4,,4,20.5R  : for cargo ships
>0.9R :for passenger ships

A>R Where A=0.44,+0.44, +0.24,

Where, the indices “s”, “p", and "I" represent three loading conditions and
the factor to be multiplied to the index indicates how the index “4” from
each loading condition is weighted.

Noval Architectural Calculation, Soring 2016, Myung:l Roh I!dlﬂb 65

Attained Subdivision Index “A”
- Check of the Attained Index “A”

Producing an index A requires the calculation of various damage scenarios defined
by the extent of damage and the initial loading conditions of the ship before
damage.

Three loading conditions are to be considered and the result weighted as follows:

A,A ,4 >05R :for cargo ships

>4,
>0.9R : for passenger ships
A>R  Where 4=0.44+044,+0.24,

Where the indices “s", "p", and “I" represent the three loading conditions and the
factor to be multiplied to the index indicates how the index A from each loading
condition is weighted.

We can assume that the meaning of the weight factors 0.4, 0.4, and 0.2. In the ship’s
lifecycle, the lightship condition is rarely exist.

Normally, the loading condition is performed between the scantling draft and design
draft. Thus, the weight factor considers this cruising condition.

Definitions of three draft

Light service draft(dl): the service draft corresponding to the lightest anticipated loading and associated tankage, including, however, such ballast as may
be necessary for stability and/or immersion. Passenger ships should include the full complement of passengers and crew on board.

Partial subdivision draft(dp): the light service draft plus 60% of the difference between the light service draft and the deepest subdivision draft. -

Deepest subdivision draft(ds): the waterline which corresponds to the summer load line draft of the ship

2017-01-24
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5. Example of the Calculation of
Attained Index A for Box-Shaped Ship

Naval Architectural Calculation, Soring 2016, Myung:1l Roh ’!dml'm“bm o7,
Assumption of Subdivision Zone
| 100m |
: 40m L 20m | 20m | 20m | 40m
[ | | | | |
No.4 No.3 No.2 No.1 i
HFO|  Hold Hold  |Hold [H.FO| Hold i 25
Tank | (P&S) (P&S) _ |(P&S)[rank | (P&S) : m
No.4 WB.T (P&S) No.3 WB.T No.2 WB.T | No.1 WB.T Base line !
(P&S) (P&S) (P&S)

<Elevation View>

¢

<Section View>

A I [N JE IS i I
<Plan View>
| Zone 1 | Zone 2 L Zone 3 L Zone 4 |
| |
Naval Architectural Calculation, Soring 2016, Mvung-ll Roh

ydlab
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[Case 1] Calculation of
Probability of Damage ()

p, = p(xl,x2, L )xr(x1,x2,b,k,L,)

v
Calculation Condition Zone1 Zone2 ), Zone3 |, zmes
: Scantling Draft (18.0m), b=4.0
Damage .
‘ DAMAGES ‘ x1 ‘ x2 L J ‘ p ‘ r ‘ pi
<1 zone damage> [ cause | &) [ Effect |=———) [ Effect |
1.1.1 0 40 40 o4 ]
211 40 60 20 0.2
3.1.1 60 80 20 0.2
4.1.1 80 100 20 | b2 d b 4
<2 zone damage> Bigger Bigger Bigger
1-2.1.1 0 60 60 0.6
2-3.1.1 40 80 40 0.4
3-4.1.1 60 100 40 R4 7 N\
<3 zone damage> Bigger Bigger Bigger
1-3.1.1 0 80 80 [[Tos [
2-411 40 100 60 R 6 7
Bigger Bigger Bigger
J: Non-dimensional damage length J:M
. Ls X All results can be obtained using manual calculation.
b: Mean transverse distance
Naval Architectural Calculation, Spring 2016, Myung:Il Roh ’hm..,_‘"“b o
[Case 1] Calculation of
Probability of Survival (s)
s, =s,(0,,0,,GZ . ,Range)

Typical GZ curve in damage condition |
Statical Stability Curve(GZ curve)
GZ
06‘ GZm )\
o ;\
| — GZ Range : \
0 10 20 30 40 50 .
Heeling Angle

60,: The equilibrium angle of heel in any stage of flooding, in degrees
GZ,,..,c The maximum positive righting lever, in meters
Range: The range of positive righting arms, in degrees, measured from the angle 6,

Naval Architectural Calculation, Soring 2016, Myung:Il Roh

ydlab
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[Case 1] Calculation of
Probability of Survival (s)

s, =5,(6,,0,,GZ

max ?

Range)

Calculation Condition
: Scantling Draft (18.0m), b=4.0

X 0,, GZ, GZ range were obtained using computational
ship calculation software, "EzZCOMPART".

6,: Non-dimensional damage length

DAMAGES X 2 | 1 ] e GZmex | GZRange | s P | A
<1 zone damage> | Cause || Effect || Effect || Effect || Effect
111 0 40 P4 ] W ] u
2.1.1 40 60 0.2
3.1 60 80 0.2
411 80 100 \V}Z .\v7 \ITL N/ AN
<2 zone damage> Bigger B|;_ger Sma_er Sma_ller Smiller
1-2.11 0 60 0.6
2-3.1.1 40 80 04
3-4.1.1 60 100 |\ _d4 N\ N | NS N
<3 zone damage> Bigger Bigger Smaller  Smaller Smaller
1-3.1.1 0 80 [ps [ & [1
2411 40 100 [N g6 bV N
Bigger Bigger Smaller  Smaller Smaller

X 6,, GZ, GZ range are obtained using computer ship

Naval Architectural Calculation, Soring 2016, Myung:ll Roh

calculation software, “Ez-compart”.
I!dlﬂb 7

[Case 2] Calculation of
Probability of Damage (p)

p, = p(xL,x2,Ls)xr(x1,x2,b,k,L )

Calculation Condition

: Scantling Draft (18.0m), b=20.0

Bigger
DAMAGES % % DLaeTgatghe J p r pi
<1 zone damage> | Effect | | Effect | | Effect |
1.2.1 0 40 40 0.4000 £\ AN s
221 40 60 20 0.2000 ]
321 60 80 20 0.2000 ]
421 80 100 20 0.2000 L]
<2 zone damage> Bigger Bigger Bigder
1-2.2.1 0 60 60 0.6000
2-32.1 40 80 40 0.4000 o |
3-4.2.1 60 100 40 0.4000 b1 |
<3 zone damage> |
1-3.21 0 80 80 0.8000 b1 |
2-4.21 40 100 60 0.6000 N NA N2 |

J: Non-dimensional damage length J:‘XEL;X"
s

b: Mean transverse distance

3 Each results are obtained using manual calculation.

Naval Architectural Calculation, Soring 2016, Myung:Il Roh

ydlab -
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[Case 2] Calculation of
Probability of Survival (s)

s, =5,(6,,0,,GZ

max ?

Range)

Calculation Condition

: Scantling Draft (18.0m), b=20.0
Bigger X 0,, GZ, and GZ range were obtained using
computational ship calculation software, "EzCOMPART".

DAMAGES X % ] [ s | @& |
< 1 zone damage > I Effect I Effect I I Effect ] I Effect I
121 0 40 0.4000
221 40 60 0.2000
321 60 80 0.2000
421 80 100 0.2000
< 2 zone damage > Smdller Smaller  Smgller Smaller
1-2.2.1 0 60 0.6000
2-321 40 80 0.4000
3-421 60 100 0.4000
< 3 zone damage >
1-3.2.1 0 80 0.8000
2-421 40 100 0.6000 N\~ \/ \~ \“~

Attained index (A) is zero in most case, because too large areas are damaged.
We can expect that calculating ‘4 zone damage’ cases are meaningless.
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6. Summary
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Overall Procedures to Evaluate the Probabilistic Damage
Stability

Definition of virtual Subdivision of Definition of damaged

subdivision bulkheads compartments compartments

Generation of damage cases

Calculation of the
probability of damage (p;)

cation of damaae

Location of damage

Lo,
E

Extent of damage

¥
Extent of flooding

Calculation of the
probability of survival (s;)

Comparison with the Calculation of the
required subdivision «——— attained subdivision
index (R) index (A)
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Comparison Between the Deterministic and Probabilistic
Damage Stability

Deterministic Damage Stability Probabilistic Damage Stability
Items
ICLL MARPOL? SOLAS
Bulk carriers, Container carriers, Ro-Ro shij
Ships Qil tankers, Chemical tankers P

s, Passenger ships

- ) Define virtual damage compartments after
Definition of damaged | Define the compartments as same with actual o B} )
subdividing the compartments by using vir

compartments compartments
P P tual subdivision bulkheads
Assumption of extent | Assume the extent of damage with actual Assume the extent of damage with the virt
of damage compartments as a basis ual damage compartments as a basis
X Generate a damage case
Generation of damage | Generate a damage case Generate a damage case for each extent of
per one or two compart
cases per two compartments damage
ments
All drafts to be applied in | The deepest subdivision draft (d,), the parti
Draft under The deepest subdivision , N PP p i ,( ) .p
. A the intact stability al subdivision draft (dp), the light service dr
consideration draft (d,) .
calculation aft (d)

Evaluation of damage | All damage cases should satisfy each criterion for the | The attained subdivision index should satis
stability regulation of damage stability. fy the regulation of damage stability (A>R).

1: International Convention on Load Lines
2: International Convention for the Prevention of Marine Pollution from Ships
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