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ISCG

Informal Meeting of ISCG on Intact Stability
Preliminary Programme

at National Maritime Research Institute, Mitaka, Tokyo, Japan
6-8 March 2006

6 March (Mon)

9:00~10:30
11:00~12:30
12:30~13:30
13:30~15:00
15:30~17:00
18:30~

7 March (Tue)

9:00~10:30
11:00~12:30
12:30~13:30
13:30~15:00
15:30~17:00
19:00~

8 March (Wed)

9:00~10:30
11:00~12:30
12:30~13:30
13:30~15:00
15:30~16:30

Conference Room B

plenary(opening)

parametric rolling/pure loss of stability
(lunch)

parametric rolling/pure loss of stability

dead ship

(dinner)
dead ship
broaching
(lunch)
broaching
operational guidance
(dinner)

operational guidance

plenary
(lunch)

plenary
visit to experimental tanks

Conference Room C

criteria for additional ship types

criteria for additional ship types
guidelines of stability instrument software

guidelines of stability instrument software
experimental method for weather criterion

experimental method for weather criterion
drafting SOLAS and ICLL amendments*

drafting SOLAS and ICLL amendments*

* drafting relevant amendments to the 1974
SOLAS Convention or the 1988 Protocol to the
1966 Load Line Convention to make parts of the
IS Code mandatory
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Intact
FP.T. No.1Hold

damage
5 S.8.91/2,S.S8.9, S.S.8, S.S.7, S.S.5. 6
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Base Standard Sheer
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5.1.1

(Base&StandardSheer) |Ship Model

Lpp(m) 280.0 3.00

B(m) 47.00 0.50

d(m) 17.80 0.19

D(m) 24.100 0.26

Disp.(m°) 203745.00 | 2182.980

Cb 0.849 0.849

GM 6.860 0.074

K /Lpp 0.258 0.258

5.12
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Pitch(Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

8 10
0.1 O pitch-plus
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0.001
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A pitch-minus
0.1
©
=
=®
0.01
O
O
0.001
(deg.)
512 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Pitch (Standard Sheer(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

6 8 10
O pitch-plus
A pitch-minus
©
=
=9
0.01 | ‘ézz@ -
o)
A %
A, o
A
A O
0.001
(deg.)
Pitch (Standard Sheer(damaged), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
6 8 10
O pitch-plus
A pitch-minus
)
=
~
()
0.01 r 2 Oy %O o
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5.13 :Intact damaged (Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m,

T02=13.4sec)
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Pitch (Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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514 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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Heave (Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

O heave-plus
A heave-minus

Prob.

0.01 A%@

0.001 ola
(m)

Heave (Base(damaged), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

O heave-plus
A heave-minus

Prob.

0.01 7AY %

0.001 A-O
(m)

5.15 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Heave (Standard Sheer(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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0.001 ON
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=
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O o

0.01 DAL Ag)
%
oA
Q
0.001 A—O
(m)
5.1.6 :Intact damaged (Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m,

T02=13.4sec)
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Heave (Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)

1
8 10

0.1
e
e
-9

A
0.01 O heave-plus DAAUO
A heave-minus A %
A O
0.001 Af 20
(m)
Heave (Base(damaged), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
1¢
8 10

0.1
e
=
=9

0.01

O heave-plus A A ©5
A heave-minus A
0.001 Q
(m)
5.1.7 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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Vertical Accleration
(Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

1
25 013
0.1 O accl-plus
5
& A accl-minus
0.01
A
0.001
(2)
Vertical Accleration (S.S.9, Base(damaged), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
A5 02 0.25 013
O accl-plus
@ A accl-minus
[a W

0.01

0.001

(@

5.1.8 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m,
T02=13.4sec)
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Vertical Accleration (S.S.9, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)

0.1
a)
e
~
O accl-plus
0.01 7
| k3
A accl-minus O%
O
0.001 °©
(8)
Vertical Accleration (S.S.9, Standard Sheer(damaged), x=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
1 Z%%
.%%Q%OQ 1 0.15 02 0.25 0.3
0.1 | !
G
Ne)
e
[}
O accl-plus
0.01
A accl-minus Aﬁ%
%
0.001 | | A
(g
5.1.9 :Intact damaged (Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m,

T02=13.4sec)
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Vertical Accleration
(S.S.9, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)

0.1
a)
e
~
'e) -
0.01 accl-plus
N A
o A
A accl-minus o z%
A
o A
0.001 | | O A
(&)
Vertical Accleration
(S.S.9, Base(damaged), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
1 |
- " . 2 0.25 03
0.1 |
Ne)
e
[}
O accl-plus
0.01 P
IAA
JAN
A accl-minus 8
| | %,
0.001
(g
5.1.10 :Intact damaged (Base, X=180<, Fn=0.018, H1/3=16.1m,

T02=14.7sec)
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0.1

Prob.

0.01

0.001

Vertical bending moment

(S.S.71/2, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

O VBM-plus
A VBM-minus
— UR-S11(Sagging)

| |- = - UR-S11(Hogging)

0.0002

0.0003

0.0004

0.0

05

Vertical bending moment
(S.S.71/2, Base(damaged), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

010

0.00020

0.00030

0.00040

0.00

0.1

Prob.

0.01

0.001

O VBM-plus
A VBM-minus % %
— UR-S11(Sagging) A A %O
- - - UR-S11(Hogging) 5 %
A
My/pgBL’
5.1.11 :Intact damaged

(Base, x=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Vertical bending moment
(S.S.71/2, Standard Sheer(Intact), x=180°, Fn=0.018,
H1/3=‘16.1m,TO2=13.flsec)

1
0.0000 0.0001 0.0002 0.0003 0.0004 0.0
0.1
e
e
~
0.01 O VBM-plus
A VBM-minus O
. oS
— UR-S11(Sagging) \ o
- - - UR-S11(Hogging) A e}
0.001 ! | A O
My/pgBL’
Vertical bending moment
(S.S.71/2,Standard Sheer(damaged), y=180°, Fn=0.018,
. Hl/3=1‘6.1m,T02=13.4sec)
0.0 01 0.0002 0.0003 0.0004 0.0
O VBM-plus
A VBM-minus
0.1 — UR-S11(Sagging)
- - - UR-S11(Hogging)
e
=
[a W
0.01
2 ‘3%%
I, ¢
. ®
N ?
©)
A
0.001

5.1.12

My/pgBL’

:Intact

(Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)

damaged

05

05



0.1

Prob.

0.01

0.001

0.1

Prob.

0.01

0.001

Vertical bending moment

(S.S.71/2, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)

0.0003

0.0

005

O VBM-plus

A VBM-minus
— UR-S11(Sagging)
- - - UR-S11(Hogging)

Mpy/pgBL’

Vertical bending moment

(S.S.71/2, Base(damaged), y=180°, Fn=0.018, H1/3=15m,T02=14.7sec)

0.0002

0.0003

O VBM-plus

A VBM-minus
—— UR-S11(Sagging)
- - - UR-S11(Hogging)

0.0

005

5.1.13
(Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)

:Intact
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Vertical shearing force
(S.S.71/2, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

1 T
0.001 0.0015 L 0.002
0.1
S :
8 1
~ .
0.01 O VSF-plus
1 % % ]
A VSF-minus N A ©Co0 o .
—— UR-S11(Plus) 5 o ;
- - = UR-S11(Minus) A o :
A 1
0.001 | :
Fy/pgBL’
Vertical shearing force
(S.S.71/2, Base(damaged), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
0.0015 L0002
o :
o '
~ '
0.01 | © VSF-plus ,
. A :
A VSF-minus N ) :
—— UR-S11(Plus) % 5 ©o, :
- - - UR-S11(Minus) A % :
0.001 | © :
Fu/pgBL’
5.1.14 :Intact damaged

(Base, x=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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0.1

Prob.

0.01

0.001

0.1

Prob.

0.01

0.001

Vertical shearing force
(S.S.71/2, Standard Sheer(Intact), x=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)

10 0.0015 0.0
O VSF-plus %22/3
A VSF-minus A%A % :
—— UR-S11(Plus) N % :
- - = UR-S11(Minus) o :
| A ol .
Fy/pgBL’
Vertical shearing force
(S.S.71/2, Standard Sheer(damaged), x=180°, Fn=0.018,
H1/3=15m,T02=13.4sec)
10 0.0015 0.0

O VSF-plus LA% 0 Q

A VSF-minus QAA o4
—— UR-S11(Plus) A 3
.- - : A ¢}

UR-S1 I(M‘lnus) A 5
2
Fy/pgBL
5.1.15 :Intact damaged

(Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Vertical shearing force

(S.S.71/2, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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(Base, x=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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R.W.L(Stem, Base(Intact), y¥=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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(Stem, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(Stem, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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(Stem, Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(Stem, Base(Intact), y¥=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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(Stem, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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R.W.L(S.S.91/2, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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(S.S.91/2, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.5.91/2, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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(S.8.91/2, Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.S.91/2, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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R.W.L(S.S.9,Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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R.W.L(S.S.9, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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R.W.L(S.S.9, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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(S.S.9, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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R.W.L(S.S.8, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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(S.S.8, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.S.8, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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R.W.L(S.S.8, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)

1 T
2 6: 3 10 12 14 16 18
0.1
,Q‘ 1
8 1
[a ) ]
0.01 ' 3
O RWL-4-plus |* o M
A RWL-4-minus || % A
- = (@) N
Freeboard 1 5 A
1 o A
0.001 !
(m)
R.W.L(S.S.8, Base(damaged), x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
1
0 12 14 16 18
0.1
o
e
[a )
0.01
O RWL-4-plus OA
A RWL-4-minus C %
= = Freeboard OO A
o)
0.001 2
(m)
5.1.28 :Intact damaged

(S.S.8, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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R.W.L(S.S.7, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

0.1
a)
8 1
[ 1
0.01 '
O RWL-5-plus |* \
A RWL-5-minus| | %O 8
= = Freeboard ' @) A
. o A
0.001 ' =
(m)
R.W.L(S.S.7, Base(damaged), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
1 Dy
10 12 14 16 18
0.1
o
e
=9
0.01
O RWL-5-plus d
A RWL-5-minus %O
= = Freeboard A ©
A @)
0.001 A
(m)
5.1.29 :Intact damaged

(S.S.7, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.S.7, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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R.W.L(S.S.7, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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R.W.L(S.S.5, Base(Intact), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)

0.1
e
e
~
0.01 Z%%%
O RWL-6-plus |*
A RWL-6-minus| | o %
= = Freeboard ' A S
! A O
0.001 !
(m)
R.W.L(S.S.5, Base(damaged), x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
1 ¢
12 14 16 18
0.1
e
=
[a W
0.01 ! o)
O RWL-6-plus '% %}
A RWL-6-minus : A q%)
- = Freeboard 1 %A %
' o
0.001 !
(m)
5.1.32 :Intact damaged

(S.S.5, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.S.5, Standard Sheer(Intact), y=180°, Fn=0.018,
H1/3=16.1m,T02=13.4sec)
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(S.S.5, Standard Sheer, =180, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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R.W.L(S.S.5, Base(Intact), y=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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(S.S.5, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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Probabilityof exceedanc

Probabilityof exceedanc

Impact pressure owing to deckwetness (Intact)
(Base, S.S.8 3/4, x=180°, Fn=0.018, H1/3=16.1m,T02=13.4sec)
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5.1.35 :Intact damaged

(S.S.83/4, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Probability of exceedance

Probability of exceedance

Impact pressure owing to deckwetness (Intact)
(Standard sheer, S.S.8 3/4, x=180<, Fn=0.018,
H1/3=16.1m,T02=13.4s€ec)
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(S.S.83/4, Standard Sheer, X=180<, Fn=0.018, H1/3=16.1m, T02=13.4sec)
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Probabilityof exceedanc:

Probabilityof exceedanc

Impact pressure owing to deckwetness (Intact)
(Base, S.S.8 3/4, x=180°, Fn=0.018, H1/3=16.1m,T02=14.7sec)
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(S.S.83/4, Base, X=180<, Fn=0.018, H1/3=16.1m, T02=14.7sec)
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5.2

5.2.1
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T()2:13.1

1000

S.8.91/2,S.S.9, S.S.8, S.S.7, S.S.5, S.S.21/2, A.P.

S.S5.71/2

S.8.7

2

( Low Freeboard)

( Standard Sheer)

Low Freeboard

5.3 522
(x=180°) (x=135.°)
H1/3=10.1m ISSC
7
8
S.S.91/2 S.S.7 S.S.91/2
2 SS9 CL.
3.5m 523
5.2.1

(Base&StandardSheer) Ship Model

Lpp(m) 280.0 3.00
B(m) 47.00 0.50
d(m) 17.80 0.19
D(m) 24.100 0.26
Cb 0.849 0.849
GM 6.860 0.074
K /Lpp 0.258 0.258
(Low Freeboard) Ship Model

Lpp(m) 280.0 3.00
B(m) 47.00 0.50
d(m) 21.00 0.23
D(m) 24.100 0.26
Cb 0.866 0.866
GM 6.640 0.068
K /Lpp 0.258 0.258
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Vertical Acceleration (S.S.91/2, y=180°, Fn=0.049)
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Vertical Shearing Force(S.S.71/2, =135, A/L=1.0, Fn=0.049)
0.018 ‘
0.016
[ ]
0.014 O 0 L)
0.012 °
= A A
m 0.01
aQ
= 0.008
=~
0.006
® Base
0.004 A Low Freeboard
0.002 0O Standard Sheer
. [ |
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
H/A
5.2.7 (S.8.71/2 AML=1.0 Fn=0.049

0.045
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S.S.9(Weather side)

WL=1.0 y=135deg.

10 | |
g ® Base
?«j O Standard sheer
e 6 | A Low freeboard A
$—
=
2 4 A
E °
2 A °
[ ]
0 |
0 0.01 0.02 0.03 004 005 0.06
H/A
5.2.8 (S.S.9 NML=1.0 Fn=0.049
Base  Standard Sheer Low Freeboard
Low Freeboard
Base
Sheer Low Freeboard
Low Freeboard Base Standard Sheer
0
Pitch (y=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)
1
315 4 4[5 3
0.1
= O Base-Plus
E ® Base-Minus
0.01 A& Low Freeboard-Plus
’ A Low Freeboard-Minus
O Standard Sheer-Plus A % .
m Standard Sheer-Minus A @ me
0.001 ‘ ‘ ‘ ‘ A Ol Amm
(deg.)
529 ( 10.1m 13.1 Fn=0.049
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R.W.L(S.S.91/2,Base, y=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)

0 2 4 6 8 10 12 14 16 18
1
0.1
S (@] Base-Ph;S ) 3
E ® Base-Minus .
A Low Freeboard-Plus
0.01 A Low Freeboard-Minus AA p -
O Standard Sheer-Plus : A AA% E]E] o
B Standard Sheer-Minus [ AQ 'Y
Freeboard (Base) : A (A D‘A 0
= - Freeboard (Low Freeboard) .
0.001} _ _ Freeboard (Standard sheer)
(m)
5.2.10 (S.8.912 10.Im 13.1
Vertical bending moment
(S.S.71/2, ¥=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)
1 : T
01 0.0002 0.0003 0.0004 : 0.0005
0.1 '
,Q. 1
E O Base(Sag.) '
® Base(Hog.) '
'\
0.01 | A Low Freeboard(Sag.) X B !
A Low Freeboard(Hog. A%Ex O
o Sowd rZeS;)lar (S - ‘ @ " “. :
tandar eer(Sag.) O A O . '
®  Standard Sheer(Hog.) A|lag # '
0.001 | ——UR-S11(Sagging) !
= = UR-S11(Hogging) My /prL3
5.2.11 (S.8.71/2 10.1m 13.1
Pressure due to Green water(y=135°, Fn=0.049)
1 2 3 4 5 6 7 8 9 10
1 ‘ ‘ ‘ 1 1 - 1 1
A, O Base (Weather side
A, A ® Base (Lee side)
A, A LowFreeboard(Weather side)
A, A LowFreeboard(Lee side)
0.1 | A, R O Standard Sheer(Weather side)
. A A ®  Standard Sheer(Lee side)
S oA — -ICLL(2005)Reg.16
= A
- n
W D, y |
0.01 S8 A, 1
-, s . A |
o™ qa e >Aa ]
] O
O = o e 1}
0.001 =8 ] A | A
(mAq)
5.2.12 (S.8.9 10.1m 13.1
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523

Sknots TIACS Recommendation
2
No.34 CoSY,
5.2.13 2
522 TACS Recommendation No.34
\Wave Iength m| 35] 98] 191 316] 472] 65.9 | 878 1128 1408 1721 2064 2438] 2844 3281] 3749 4249 4779 5341 I
T(sec
H_w(m) 1.5] 2.5 3.5] 4.5 5.5 6.5) _7.5 8.5 9.5 10.5} 11.5] 12 ﬂ 13.5] 14.5] 15.5] 16.5] 17.5] 18. Slsum
0.5] 0] 0 1.3] 1337 865.6 1186 634.2 186.3 36.9 5.6 0.7, 0.1 0 0] 0 0 0 0] 30504
5 0] 0| 0| 29.3] 986' 4976 7738| 5569.7| 2375.7 703 5| 160.7' 30.5 5.1 0.8 0.1 0| 0| 0f 2575.4
5] 0] 0| 0] 22 lQTﬂ 2158.8| 6230) 7449.5] 48604 2066 644@ 160.2] 33.7] 6.3 11 0.2 0] 0l 3810.4
5 0] 0| 0| 0.2 34.9 695.5] 3226.5] 5675] 5099.1 2838] 11141 337.7] 84.3] 18.2 3.5 06| 0.1 0f 27.7
4.5 0] 0| 0| 0] 6| 196.1] 1354.3| 3288.5| 3857.5| 2685.5[ 1275.2] 455.1) 130.9, 31.9] 6.9 13 0.2 0f 89.4/
5.5] 0] 0 0 0] 1 51, 4984 1602.9] 2372.7] 2008.3| 1126 463.6, 150.9 41 9.7, 2.1 0.4 0.]] 28.
6.5] 0] 0| 0| 0] 0.2 12.6) 167 690.3] 1257.9| 1268.6 825.9] 386.8 140.8 42.2] 10.9] 2.5 0.5 0.1 4806..
7.5] 0] 0| 0| 0] 0 3| 52.1 270.1] 594.4 703.2] 524.9] 276.7] 111.7, 36.7] 10.2] 2.5 0.6 0.1 2586..
5] 0] 0| 0| 0] 0 0.7 15.4] 97.9] 255.9 350.6] 296.9] 174.6] 77.6] 27.7] 8.4 2%' 0.5 0.1 1308.
5 0] 0| 0| 0] 0 0.2 4.3 33.2] 101.9 159.9] 152.2, 99.2 48.3] 18.7, 6.1 17 0.4 0.1 626..
5] 0] 0| 0| 0] 0 0| 12 10.7, 379 67.5] 717 51.5] 27.3] 11.4f 4 12 0.3 0.1 284,
5| 0] 0 0 0] 0] 0 0.3 3.3 133 26.6] 314 24.7 14.2 6.4 2.4 0.7, 0.2 0.]] 123.
5 0] 0| 0| 0] 0 0| 0.1 1 4.4 9.9 12.8, 11 6.8 3.3 13 0.4 0.1 0f 51.
5] 0] 0 0 0] 0] 0 0] 0.3 1.4 35 5 4.6 3.1 1.6 0.7 0.2 0.1 0] 20.5|
4.5 0] 0| 0| 0] 0 0| 0| 0.1 0.4 1.2 18| 1.8 13 0.7 0.3 0.1 0| 0f 7.7
5 0] 0| 0| 0] 0 0| 0| 0| 0.1 0.4 0.6 0.7 0.5 0.3 0.1 0.1 0| 0f 2.
5 0] 0| 0| — 0] 0 0| 0| 0| 0 _01 0.2 0.2 0.2 0.1 0.1 0| 0| 0f 0.
Sum 0] 0 1.3] 1654] 2091.2f] 9279.9] 19921.8] 24878.8] 20869.9] 12898.4] 6244.6| 2479' 836.7I 247.3] 65‘8| 15.8| 3.4 05' 100000

Vertical bending moment
(Base, S.S.71/2, x=180°, Fn=0.049, H1/3=10.1m,T02=13.1sec)

1 L L T
I
QOOOZ 0.0003 0.0004 : ,0.0005 0.0006 0.0007
1| O VBM-plus
: A VBM-minus
0.1 | = +UR-S11(Sagging)
‘ 'l - - UR-S11(Hogging)
© N\ . .
E \ ' Rayleigh(measured variance)
() N + | = *Rayleigh(strip method)
0.1 NN
%O A | N
AR }‘
o o N
0.001 \ e \
My/pgBL’
5.2.13 (Base, S.S.71/2, Head seas, Fn=0.049)
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P(F>F,|H,T)=exp

UR-S11

sheer”

P(F>F,)= I IP(F > F,|H,T)- P(H,T)dHdT

(Q:

P(H,T)

5.2.20

10%)

16

Oy

- apeB 4, |

2
20,apgB

“Low freeboard”

25

5.2.14

5.2.15

“Base”  “Standard sheer”

IACS UR-S11

25 Q:  10%)

16

P(F>FJH.T)

5.2.16 5.2.19

P(F>Fy)

2005 1 1
“Base”  “‘Standard sheer” 25
16

Q109

71

(5.1)

g
“Standard

(5.2)

16



524

()
@
(©)
4)

Q)

Long term prediction
(Wave vertical bending moment, S.S.71/2, Fn=0.05, Base& Standard Sheer)

[ Following Seas 6:2
! = = = Quatering Seas
' —*— Beam Seas
- ' — - 'Bow Seas
- 015
o . --+-- Head Seas
s At Sl el el —6— All Headings F- -
@ — = — —— - . —_—
Nf - : — - URSI1-Hogging
ani 1 - « URS11-sagging ot
3
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
log;oQ
52.14 (Base & Standard Sheer)

Long term prediction
(Wave vertical bending moment, S.S.71/2, Fn=0.05, Low Freeboard)

— X=0(deg.) 02

: - - - X=30(deg.)

. — - - X=60(deg.)

f —%— X=90(deg.)
— — X=120(deg.) 015
— - - X=150(deg.) R
--+-- X=180(deg.) =
—6— All Headings
— :URS11-Hogging 6t
- & URS11-sagging
= = 25Years

log;oQ

52.15 (Low freeboard)
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Pressure due to Green water(Base, x=180°, Fn=0.049)

14 T
2 3 4 7 Y 10
) ® S.S.9 (Weather side) :
0.1 O o O S.5.9 (Lee side) .
= = ICLL(2005)Reg.16 :
'g Cal. 1
= '
0.01 '
g O O :
O
0 ,
0.001 { 1
(mAq)
5.2.16 (Base, Head seas, Fn=0.049)
Pressure due to Green water(Base, y=135°, Fn=0.049)
1 [ T
2 3 4 7 : 9 10
T ® S.S.9 (Weather side) :
0.1 O S.S.9 (Lee side)
, = = ICLL(2005)Reg.16 || |
=)
S Cal. '
Ay ]
0.01 '
0.001 !
(mAq)
5.2.17 (Base, Bow seas, Fn=0.049)
Pressure due to Green water(Low freeboard, x=135°, Fn=0.049)
1 L Il Il T
&L 2 4 5 ¢ 7 8' 9 10
. 1
] ~ '
\ ] s o :
0.1 ~Cs,
= '
. D 1
£ s :
=¥ [}
(] [\ []
|| ® S.S.9(Weather sid [ Hmis .
0.01 (Weather side) eTE T~
O S.S.9 (Lee side) P \ \
= = ICLL(2005)Reg.16 oo, )
Cal. b
0.001 ‘ ‘ ‘ o !
(mAq)
5.2.18 (Low freeboard, Bow seas, Fn=0.049)
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Pressure due to Green water(Standard sheer, y=135°, Fn=0.049)

1 T
2 3 4 7 Y 10
® S.S.9 (Weather side) :
0.1 O S.S.9 (Lee side) '
_ - - ICLL(2005)Reg.16 :
'8 Cal. ]
= E& '
0.01 '
= '
] '
. 1
]
e O '
0.001 \ { 3= !
(mAq)
5.2.19 (Standard sheer, Bow seas, Fn=0.049)
Long term prediction of pressure due to green sea
(Fn=0.049)
, 20
= | —Base 18
é ! - - Low Freeboard L,
bl S I — - Standard Sheer jj
f T ) — -ICLL(2005)Reg.16 :
3 oo — -25 Years '
5h AN l 10 b
]
; \_ = -'I'*'Q_ e B e e e 8_—
= \I ~
o T 6 -
5 I\\ S 4
§ ~ I g T . < n
& == _— I_ \\ R
— P— = =l . 0
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
log10Q
5.2.20
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6.1

6.1.1
C SLF48
IS Code  Part-A
2
(a) 1wl
(®) @
B/d<3.5 -03<(KG/d-1)<0.5 T<20
B d KG T
;
b Yz
N\ .
[
) - b3
W e
\\\ ¥ l ;
a B,
o
= Angle of heel
P
6.1.1
lw 1.5 lw2
6.1.1
IS Code Annex 1 Interim Guidelines for alternative assessment of the weather criterion
MSC
SLF48
(@
| 2
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(b) @ 3

IS
3 N
PIT
P
(c) 2) lvi
(d)
Explanatory Notes
6.1.2
RR71
6.1.1 6.1.2 6.1.3 6.14
L/B
2 39.5
6.14
6.1.1
Length betwesn perpendiculars: Lpp [m) 1700 Area of Bilge Keels: Ak [m 2] £1.32
Breadth: B 250 Vertical center of gravity: KG [m] 1063
Depth: D 148 Metacentric height: Go [ 1.41
draft: d 6.6 Flooding anzle, & 395
Displacement: W 14,953 Folling Period: Tr 17.90
Blockage coefficient: Ch J 0521 Lateral projected area; AL 3433.0
B/d -] 3.79 | Height to centre of AL above WL Ho 9.71
AN
S~
s J000000_0000C00DDEIDO000C00030C0000030000 bbbt AP s/ %




40 60 80

Angle of Heel [deq]

20

6.13

6.14

6.1.3
(M

(@)

1.25m

5%

(b)

7mm

5%

2m

2m

1/85

Lpp=2.0m

1/133

Lpp=1.5m

6.1.5

6.1.6

77



@)

6.1.6

6.1.7
3mx

Adjusting plate
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Floor Plate

Floor
Turn Table
6.1.7
3 Fuind L M
(0] Mwind
M, =M-F,_ lcosg+L-lsing (6.1.1)
1 3 o
v 15° 165° 15°
® 30° +30° 5°
y=90°
6.1.8
5%
6.1.9
—_—
 —
—_—
—_—
S Modg Shi End Plate
o
L
Load
Cell

[

6.1.8
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N W
o O

N
o

Height (cm)
H
[¢)]

o o
Seoes

g
0 L
0.0 0.5 1.0 1.5
Normalized wind speed
6.1.9
Co
Sm/s 15m/s Cp 10m/s
Re  1.52%<10°
Re = U.B (6.1.2)
v
U, B 1%
3)
L>x<B><D 50><8>4.5m
6.1.10
O 6.1.1
L=0 3

‘h eva

[

|l oad cel |l

ship model
6.1.10
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4)

6.1.11

AL

E

6.1.11

Cp 26m/s
Cp=0.5 1.1
Cp CL Cm
pajr U
6.1.1
wind 1 U2A
2Pl A, (6.1.3)
1
C’M :Mwil1d/2pairU2 ALZ/Lpp (614)
6.1.7
6.1.5 Z
Hc
=P-A-Z [N-m] (6.1.5)
® CD
X CL 125
A CM
— — CM (standard criterion) 16 .« ® o o 4
[ ]
= hd *
15} o ° o QﬂE
T X X
O ——————— === —x X — === — —
5§ —3a A 4285 A—
O A % A % Q .
>< noro ><
>< U I

[ aY

\%J

-35 -30 25 -20 -15 -10 -5 0 5 10
Angle of heel (deg.)

6.1.11

P=5<
0.7%

15 20 25 30 35

26m/s

6.1.12 6.1.14
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6.1.15 P=90=
P=90= @>0
P=15= >

lwind = Mwind /Fwind (616)

=15 (deg)
=30
=45
=60

N
)
3

-35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35

X =15 (deg.)
¢ =30

A =45
||

o

=60

=75
—*— =90
@) =105
o =120
A =135
<
+

CL

X~

=150
=165

-35-30-25-20 -15-10 -5 0 5 10 15 20 25 30 35
P [deg]

6.1.13
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X p=15 (deg)

075 | ¢ =0
A =45
B =60
e =75
- =90
=105

=120

©)
O
A =135
<
+

D&
& D

+
X

+X

X

=150
=165

FX & DO

FrX ®©>p0

-35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35
@ [deg]

6.1.14

X =15 (deg)
* =30

A =45
]
o

=60
=75
- =90
o =105
o =120
A =135
&
+

lwind [m]

=150
=165

-35-30 -25-20-15-10 -5 0 5 10 15 20 25 30 35
P [deg]

6.1.15

(a)

(b)

(©) 10°
6.1.14 60

&3



Q)
€)

05 1.1
Cp=0.8 26m/s
0.195m/s 1.80m/s
o) (6.1.6)
Iwater 6.1.16 Cp
06 ——CD=05 -A—CD=06
—%-CD=0.7 —e—CD=08
-5-CD=09 —o—CD=10
&
© X
\L 06 =
§ -20 -15 -10 -5 5 10 15 20 25 30 35
- 09— - Angle of Heel (deg)
,,,,,,,,,, 04 +—--—-—"-—"-—"-—"-"-"-"“"-"-"“"-"—"—"—"—————-
- T ~ Half draft
,,,,,,,,,, - ﬂﬁ,,7,,,,,,,,,,,,,,,,,,,,,,,
6.1.16
B/d 0.188m/s 6.1.17
B/d
B/d=1
0.6
0.4
£ 02
©
g 1 2 3 4
= -02 |
-04
-06
B/d
6.1.17
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(6) 1Wl
Mwind Mwater
6.1.18 6.1.19

M . +M._
le — wmd water (6.1.7)
A
A Standard Criterion
Wind test Mying /A Drift test Myater /0N Wind+Drift tests
1wl
—_—_——————— — — =
0125 | — = Standard Criterion
' - =/ - Wind test
e P N - =< - Drift test
—@— Wind + Drift tests
T %0075 |  e—q A- .
g - 05—
ffffffff G
160 NS :
oV Rl A R
©--© =0025-F-———-—"—"—"—"—"-—"—"—"—"—"—"—"—"—"—"————-
-005 -
-20 -10 0 10 20 30 40

Angle of Heel (deg.)
6.1.18 L1

GZ, lwa[m]

— — Standard Criterion
—e— \Wind + Drift tests

4 ]

Angle of Heel [deg]

6.1.19 L1

85

(6.1.7)



6.1.4 @
ey

@,
(a)
IS
(b) Three Steps Procedure
r N
r
1
(¢ PIT
9
PIT
@
L><B><D 50>8>=4.5m
Imm 2%
A3)
7.1m
+5% 4% 1%

86

2.14m

GM

2%

0.7%

@,=0.7;

1.2%



)

6.1.1 17.9 S
IS 0.0383 1/26.1 1/26.1
1/60 1/40 PIT
Fourier 6.1.20
6.1.4
1/26.1 Pir 27.6

(p1:0.7(p1r:19.3

1 ) 1
30 : 7 :
® 5=1/60 AAada ® 5=1/60 :
25 |—|m =1/40 A 6 m =140 o%s
A =1/261 (T L la = °
" 5 A =1/261 .
20 .. L L]
g H g00 < 4 F :. ;o n
S5 - A ® e S Adata, wm
@ L] : &
s e &3 #
10 :
= 2 | $
5 . 1 L
0 : 0
0.0 1.0 20 30 40 50 0.0 1.0 20 30 40 50
AL AL
1 ) 1
30 - 7
adaa, ® 5=1/60 : ® 5=1/60
» ‘ : A m =1/40 | | ?". m =1/40
20 u Ttmm A =1/261] | 5 Ml T T A =1/261
— N | | .
= ooq B < = ° ) ]
S5t o o A < B aataday
0 : L] & :
9_ ° 8' 3 A
10 f - ) i
5 L 4 1+
0 L 0 I
06 08 10 1.2 14 0.6 08 10 12 14
w/w0 w/w0
6.1.20
5)
N

25
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6.1.21
a 0.026 b 0.0096
6.1.2 20 N=0.02
o¢ (deg)
6
5
4
3
2
1
0
0 5 10 15 20 25
¢, (deg)
6.1.21
6.1.2 N
Roll Amplitude N [1/deq]
10.0 0.0122
12.5 0.0117
15.0 0.0113
175 0.0111
20.0 0.0109
225 0.0108
25.0 0.0106
6.1.22
22 Amp. Period
) . [deq] [sec]
! $ - 10.0 1.910
~ 18 125 1.901
2 150 1893
s 16 17.5 1.886
S 14 | ly=00000915 X’ - 0.0056477 x + 1.9571935| 200 1881
22.5 1.876
12 25.0 1.873
275 1.871
1 30.0 1.870
0 5 10 15 20 25 30 305 1870
®m (deg.) 35.0 1.872
6.1.22
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g T, ¥ -N&)

@

r= 6.1.8
1807" - H, (@19
g Twave,r Hr
3 6.1.3
6.1.3
1/60 1/40| 1/26.1
r [deq] 18.0 22.0 275
Hr [m] 8.3 125 19.1
N| 0.0110| 0.0108 | 0.0105
r 0.759 0.740 0.735
T
s=1/60
P
N r IS
907rs
¢ (deg) = (6.1.9)
r N4 )
@, 279 @ =0.7¢p;=19.5
19.3
6.1.5
6] C
C

6.14
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r=0.759



@

IS

PIT

6.14 C
Weather c
Criterion
L [m] 170.0
B [m] 25.0
d [m] 6.6
W [ton] 14,983
Cb [-] 0521
B/d [-] 3.788
GoM [m] 1.41
0OG [m] 4,03
Wind Area [m"2] 1726
Center of Wind Area [m] 9.71
w1 [m] 0.1531 0.1532
Bilge Keel Area [m”"2] 61.32 -
k [-1 0.9534 -
X1 [-] 0.800 -
X2 [-] 0.851 -
r[-] 1.096
Rolling Period [sec] 16.3 17.9
s [-] 0.0431 0.0350
1 [deq] 15.38 16.27
o [deq] 6.08 6.08
o-cp1 [deq] -9.30 -10.2
pf [deq] 39.5
Area a [rad-m] 0.0746 0.0821
Area b [rad-m] 0.2235 0.2235
b/a [-] 3.00 2.72
C
L B d GM
IS T=16.3
b/a 10%
6.1.1
1wl L
2
6.1.5
6.1.23 o))
Three Steps Procedure

90



6.1.5

Standard | Wind test| Wind test Wmd. test W'nd. test Standard | Wind test| Wind test Wmd. test W'nd. test
w1 Weather + + (upright) | (upright) | e ather + + (upright) | (upright)
. . . + + . . . + +
Criterion | Drift test| draft/2 Drift test| draft/2 Criterion | Drift test| draft/2 Drift test | draft/2
Standard .
Direct Procedure
@1 Weather
Criterion (‘or Three Steps Procedure )
w1 [m] 0.153]  Function of heelangle |  0.125 0.153]  Function of heel angle 0.125
r[-] 1.096 0.759 ( Three Steps Procedure )
Tr [sec] 16.3 179
s [-] 0.0431 0.0383
@1 [deg] 154 19.3
o [deg] 6.1 3.7 4.9 3.8 5.0 6.1 3.7 4.9 3.8 5.0
o-1 [deg] -9.3 -117 -10.4 -116 -104 -132 -157 -144 -155 -143
f [deg] 39.5
Area a [rad-m] 0.075 0.063 0.069 0.063 0.070 0.111 0.096 0.103 0.095 0.106
Area b [rad-m] 0.224 0.295 0.259 0.276 0.247 0.224 0.295 0.259 0.276 0.247
b/a [-] 2.99 4.71 3.76 4.41 351 2.02 3.09 2.51 2.90 2.34
Crit. GM [m] 0.56 0.16 0.36 0.25 0.42 0.69 0.22 0.45 0.31 0.52
Crit. KG [m] 11.48 11.88 11.68 11.79 11.62 11.35 11.82 11.59 11.73 11.52
Three Steps Procedure=
5 Opl IS
Bl
4 .
3 | l
(3
N
o]
2 | -
1 |
0
w1
o
6.1.23
o, IS
b/a
@, 25%
19.3/15.4=1.25 L1 b/a

b/a

91
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6.1.5
GM

b/a

40cm

PIT

2 b/a=1.0 GM GM

Tr S
L
GM
1 GM
KG 11.88m 11.48m 0.4m
b/a GM
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6.2.

6.2.1
IS Code
2005 9
170m RoPax
6.2.2
6.2.1
6.2.3
621 2
70m
6.2.4
+2%
6.2.3

SLF48

100m

50m

50m

MSC Circular

2m  RoPax
7.8m 4.35m
5%
GM 0.0166m
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2
SLF
2006 5
1.94
50m +5%
1.94s

GM:+2% +1mm



GM +Imm

6.2.5
4
6.2.4
GZ
6.1
N 6.2.5
0.01 6.1 4
20 N 0.010 0.02
20 N 0.014
6.2.6
3
1/60, 1/40, 1/26.1
tuning factor 0.8 0.9,0.95,0.975,1.0, 1.05,
1.2 3
@) Guide Ropes
2) looped wire system
yaw
3 mechanical guide
62.6 8 1/26.1
0.8
3 6.1 Guide Rope
Guide Rope
Looped Wire
System

94



wire system pin joint
wire

looped wire system

wire
Looped Wire System
Mechanical Guide 2 Guide Rope 2 Guide Rope
6.2.9
1/60 10 1/40 20 1/26.1 30

1% 5% 13%
Mechanical Guide
Mechanical Guide

Guide Rope
Mechanical Guide
Guide Rope Looped Wire System
Mechanical Guide 1
heaving rod 2
Guide Rope 15
Looped Wire System
3
Mechanical Guide PIT
Mechanical Guide
6.2.7
3
6.2.2
Looped Wire System N
(A) wire system B) Looped Wire
System(A) 6.2.3
Looped Wire System(A) 1/60 1/40 N r 1/26.1
Looped
Wire System N
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Looped Wire System(A) 0.77

1.096

6.2.8

1/26.1

6.2.9

b/a

b/a=1 GM
GM GZ
2.5 3.5
bla 3
GM 0.55m
0.39m

GM

6.2.10
RoPax

1)
0.8

2)
JG IMO

3) 3
guide rope looped wire system
4) 3
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0.

0.724

b/a

78
6.24
2
6.2.5
GM
0.31m

mechanical guide

15



5)

6)

b/a 3

2.5 35
GM 0.55m 0.3Im
0.39m
6.2. RoPax
Length between perpendiculars: Lpp [m] 170.0 Area of Bilge Keels: Ak [m™2] £1.32
Breadth B [m] 2h0 Wertical center of gravity: KG [ 1063
Depth: D L] 148 MWetacentric height: Gok L] 1.41
draft: d [m] 66 Flooding angle: ¢f :deg: 395
Displacement: W [ton] | 14,983 Folling Period: Tr [sec] 17.90
Blockage coefficient: Ch -] 0521 Lateral projected area; AL (2] | 34330
B/d [-] 3.79 | Height to centre of AL above WL Ho (] Qi
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6.2.2

Guide Rope

Wave 1/60 1/40 1/26.1
steepness

Dr(deg) 19.07 23.41 29.85
Hr(m) 0.101 0.152 0.233
IN 0.010 0.0100 0.0099
r 0.777 0.774 0.813
Looped Wire System (B)

Wave 1/60 1/40 1/26.1
steepness

Dr(deg) 15.91 19.75 25.59
Hr(m) 0.096 0.145 0.222
IN 0.0145 0.0137 0.0128
r 0.781 0.757 0.773

Looped Wire System (A)

Wave 1/60 1/40 1/26.1
steepness

Dr(deg) 15.91 19.75 25.59
Hr(m) 0.096 0.145 0.222
IN 0.0134 0.0120 0.0104
r 0.722 0.661 0.630
Mechanical Guide

Wave 1/60 1/40 1/26.1
steepness

Dr(deg) 16.51 20.86 25.22
Hr(m) 0.097 0.145 0.222
IN 0.0134 0.0127 0.0121
r 0.776 0.779 0.709




6.2.3

data from |Estimated [Measured |data from |Estimated [Measured
=160 fpi(deg)  lo(deg) 5140 [p(deg) fbi(deg)
Guide Rope r=0.777 29.173 29.85 r=0.774 |29.12 29.85
Looped Wire System [r=0.722 20.996 25.59 r=0.661 [26.43 25.59
(A)
Looped Wire System r=0.781 25.75 25.59 =0.781 [25.28 25.59
(B)
Mechanical Guide  [r=0.7767  |26.56 25.22 =0.779  [26.62 25.22
Strip Theory =0.724 23.56 =0.724  |23.56
6.2.4
Restraint looped wireflooped wire|looped wireimechanical jmechanical imechanical
Method guide ropes  |guide ropes |guide ropes |system system system guide guide guide
Steepness  used
in calculation  |1/60 1/40 1/60&1/40 [1/60 1/40 1/60&1/40 [1/60 1/40 1/60&1/40
Estimated
¢1,(deg) 29.49 29.57 29.55 26.89 26.40 26.58 26.18 26.28 26.24
Measured
¢1,(deg) 29.85 29.85 29.89 25.59 25.59 25.59 25.22 25.22 25.22
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6.2.5
3Steps 3Steps 3Steps 3Steps 3Steps 3Steps2 3Steps 3Steps
Standard  |Direct Direct Direct (s=1/60) (s=1/40) (s=1/60) (s=1/40) (s=1/60) (s=1/40) (s=1/60) (s=1/40)
looped wirejmechanical looped wirellooped wirellooped wire|looped wirejmechanical |mechanical

restraint method] guide ropes |system guide guide rope |guide rope |[system (A) [system (A) |system (B) [system (B) |guide guide

Iwl[m] 0.153 0.093141| 0.093141] 0.093141] 0.093141] 0.093141| 0.093141] 0.093141] 0.093141] 0.093141| 0.093141] 0.093141

1.096

T[sec] 16.3] 18.199381| 17.74762| 17.76606| 18.19938| 18.19938| 17.74762| 17.74762| 17.74762| 17.74762| 17.76606| 17.76606
s 0.0431| 0.0383142| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314| 0.038314
d1[deg] 154| 20.893607| 19.39176| 17.65574| 2042224 20.38336| 19.66077| 1850449 18.02534| 17.69832| 1859398 18.63309
DO[deg] 6.1 4.3734649| 4373465 4373465 4.373465 4373465 4373465 4373465 4.373465 4373465 4373465 4.373465
Pd0-P1[deg] -9.3] -16.52014| -15.0183] -13.2823] -16.0488 -16.0099] -15.2873 -14.131] -136519] -13.3249| -14.2205] -14.2596
Pf[deg] 39.5 39.5 395 39.5 39.5 39.5 39.5 39.5 39.5 39.5 39.5 39.5
Area afrad-m] 0.075] 01095856 0.103949| 0.078966| 0.104849| 0.104463| 0.097322] 0.086498 0.082175 0.079332| 0.087306| 0.087661
Area b[rad-m] 0.224| 0.2724907| 0.272491| 0272491 0272491 0.272491| 0.272491] 0.272491] 0.272491] 0272491 0.272491] 0.272491
b/a 3| 24865549 2621387 3.450752| 2598874 2.608479| 2799877 3.150268| 3.315982| 3434811 3.121092] 3.108469
critical GM[m] 0.55 0.39 0.35 0.31 0.38 0.37 0.35 0.33 0.32 0.31 0.33 0.33
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y =-0.0004x> + 0.006x + 1.9758

2.5
2 ::::::::::::::::::::::::::::::::::::::::::;:.:,
1.5
1
0.5
0
0 5 10 15 20
GM(m)
623 GM
roll period (s)
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= = NMRI (fit)
—curve fit

5 10
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roll amplitude (s)

6.24
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7.1 1

7.1.1
2005 SLF48 IS Code long term
performance-oriented criteria
MSC Circ. 707
40 PCC
16
14 150
15 283.9m
16
2 2
7.1.2
X
¢
Uy +J )¢ = =B —WGZ,(9) -WGZ,, {neﬁ” (S65M6>1)s P} + My (S551651)
(M
+ MX¢(‘§G=77@J)¢
t: Lk J: Buya:
GZ, GZw Ne: Grim M,:
Myo: E.=Vtcosy, n, =Vtsiny
Cw
ITTC 1000
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22.1m

71.1 4
2 1
0.01 005 45
M, FK
0.125
713
Roberts’
M
. K (77 )

+2u-dra} —L L g =0 @

R A T
{52 )
Ny ]
K, (774»,7) = ZQJ] '77;,7 — D, + D, Ny 3)
j=0
D D
Roberts
3 DY
stability of envelope mean <:>L>—7T-a)0,7 = -Sﬂ(a)e:Za)o,])
@, 16 D,
D,
with @,, =@, ,|—
N oM
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13.2
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My
0.01 20
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34



22.1 0 0.31

Roberts

7.1.4
1)

2)

3)

1) 2
216 1991 pp.129 138.

2) Roberts, J. B., “Effect of Parametric Excitation on Ship Rolling Motion in Random Waves”, J. Ship Research,
Vol. 26, 1982, pp. 246  253.

3) Bulian, G., “Development of analytical nonlinear models for parametric roll and hydrostatic restoring variations
in regular and irregular waves”, PhD Thesis, Department of Naval Architecture, Ocean and Environmental
Engineering (DINMA) — University of Trieste, 2006.

4) Roberts, J.B., Spanos, P.D., "Random Vibration and Statistical Linearization", John Wiley & Sons, Chichester,
1990.

5) Ibrahim, R.A., "Parametric Random Vibration", Research Studies Press, John Wiley & Sons, 1985.

7.1.1

Items Present Ship Ship model
length : L, 283.8m 2.838m
breadth : B 42.8m 0.428m
depth : D 24.0m 0.24m
draught at FP : T} 14.0m 0.14m
mean draught : T 14.0m 0.14m
draughtat AP : T, 14.0m 0.14m
block coefficient : C, 0.630 0.630
pitch radius of gyration : «;,/L,, 0.239 0.258
longitudinal position of centre of] 5.74m 0.0574m
gravity from the midship : xc¢ aft aft
metacentric height : GM 1.08m 0.0106m
natural roll period : T’ P 303s. 3.20s
Natural pitch period: 7 0865
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7.2 2
MO 2002 IS
2007
80m
15 16
M),(2)
3) (€]
721 @
Stem S.S.5 weather side A.E. S.S. 8
1
6600TEU 1/76.7
7.2.1
7.2.1
Lpp (m) 283.8 3.700
B (m) 42.8 0.558
D (m) 24.4 0.318
d (m) 14.0 0.183
vV (m3) 106,970 0.237
Cb 0.629 0.629
GM (m) 1.06 0.014
Te(sec) | 3026 3.46
)
Too Hs Vm X
722 o
ISSC 1.38
12.1 12.3cm 9.4m
15.3m
150 180 135
15kt
Vms Fns
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722
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72.2
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7.2.1
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722
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00 NI VY
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-20 w \ \ |
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7.2.1 Te=1.38s, Hi5=12.3cm, X=180<, Vms=0.446m/s Fns=0.07
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1/10
MARIN Levadou Palazzi
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polar diagram

Sample Polar Diagram - Full Load, Sea State 9

polar diagram
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723

16
1/10
10° 20°
1) 1/10
2) 1/10
3)
IMO 2007 IS
(1) RR-S202 15 16 3
@) RR-SP4 16

17 3
(3) Levadou, M. and Palazzi, L.: “Assessment of Operational Risks of Parametric Roll”, Transactions of SNAME,
111 (2003).

(4) American Bureau of Shipping: “Guide for the Assessment of Parametric Roll Resonance in the Design of

Container Carriers”, (2003).
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7.3 1
7.3.1
2005 SLF48 IS Code long term

performance-oriented criteria

16 (RR)
15

PCC 16

PCC RoPax
5.2 RoPaxc SLF

7.3.2

7.3.1

(m+myu—(m+mywr=X,+X,+X,

(m+m )v+(m+myur+mor—mJl,p=Y,+Y,+Y,

(.+J )r+mav=N,+N,+N, ()
(L, +J )p+2up—mlv—mlur+WGMp=K, +K,

X,Y,N,K H, A, W
u Vi r
p: 0] ] m me,my, X y
Lodxolindz X y L, m, m, z W
GM o
a 0 a O
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733
(M

z=u,v,r,y,p,9)"

Q)

2:F(Z):(f1’f2,"'7f6)r 2
Z
0=F(z) 3)
2 @
z=A(z—-z,) @
4= 1<i,j<6 (5)
Ox,
Jacobi A 20
‘Xf __‘XT /) 2 v _
= er+3LdV X'(r=0)
12
Y, =Yur+ ngVZY'(r =0)- gdCDO{'ﬁv + Cryrx|(v + C ,rx)dx — L|v|v} (6)
-L/2

N, =N,

K, =Yz,vr+ §Ld2V2K'(r =0)— gdzHCDo{j

u

r+ ngdeN'(r =0)- garc,)0 j

1/2

-L/2

1/2

-L/2
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|v + C,er|(v + C yrx)xdx

|v + Crer|(v +C ,rx)dx — L|v|v}



p L: d: V =Au® +1v*: Xue Y: N Cpo
Cy Cn zm:
=0 X Y N,K S =tan"'(—v/u)
0 180

73.2 7.3.5
Y N X’

Fn=0.1
r er Yr Nr CDO CrY CrN

Cy=X,/(q4;)
Cy =Y,/(q4,) ()

Cy=N, /(qLAL)

Cy =K, /(qALHL)

q= (1/2)pAU2 Ar: Ar: HL:AL/L PA U

RoPax
7

Cx=0.009539-0.48765cos y+0.099536c0s3 +0.093072cos5
Cy=1.030516sin+0.062161sin3 y-0.08486sin5

Cn=0.007809sin iy +0.11524sin2 y+0.004917sin3 i 3
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7.5 3
7.5.1
5000 10

(IMO)

7.5.

2)

7.5.1 Body plan of the ship.

7.5.1 Principle particulars of the full-scale ship and its scale model.

Full Scale Model

Scale 1/1 1/125.32
Loy 290 m 2200 m
Lpp 242.24 m 1.933 m
Breadth 36 m 0.287 m
Draft 8.4 m 0.067 m
Displacement 53010ton | 26.98 kg
GM 1.579 m 0.0126 m
Ts 23 sec 2.05 sec
Bilge keel : width I.1m 0.0088 m
Bilge keel : location | s.8.3.0 5.0,s.8.5.25 6.0
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7.5.2 Measured conditions.
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wave period 6.7 —24.6 sec 0.6 —2.2 sec
wave length 70— 944 m 0.56 —7.55m
wave height 1.25-10m 0.01 - 0.08 m
without , full ( front + aft)
Bilge keel front : s.8. 5.25-6.0
aft:ss.3.0-5.0
7.53.2
(RAO)
7.5.2 7.53 7.5.2 0.04m
2.05 23 7 27
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7.5.2  Measured roll amplitude for naked hull in regular beam waves.
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K : wave number
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7.5.3 Non-dimensional roll amplitude for naked hull calculated by the same measured data shownin ~ 7.5.2.
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7.54 Time histories of measured data for naked hull

at roll resonance condition ; /,=0.04m and 7,,=2.01sec.

7.5.5 Time histories of measured data for naked hull

at case of max. roll motion ; H,~=0.04m and 7,,=0.76sec.
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7.5.6 Time histories of measured data for naked hull
at H,=0.04m and 7,,~0.60sec.

7.5.7 Time histories of measured data for naked hull
at H,=0.04m and 7,,=0.65sec.
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7.5.8 Time histories of measured data for naked hull
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7.5.9 Comparison between measured roll frequency and wave frequency obtained by wave meter fixed in tank.

12
w : heave encounter .
heave Ratio

frequency N
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Wheave

7.5.10 Comparison between heaving encounter frequency and incident wave frequency of wave height of 0.04m.
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7.5.11 Comparison between measured encounter frequencies of heaving and rolling motions.
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7.5.12 Re-plotting of non-dimensional roll amplitudes for naked hull in beam regular waves of 0.04m wave

height.

- 143 -



GZ (m)

0.006
°
0.004
0.002
@ =roll angle
0 10 20 30 ¢ (m)

7.5.13 GZ-curve of the model in calm water.
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7.5.14 Measured rolling amplitudes for hulls with different bilge keel length in beam waves of 0.04m wave
height.
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7.5.15 Variation of GZ-curve in beam waves at the condition when large parametric roll occurs in the experiment.
(H,~0.04m and 7,,=0.76sec).
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wave crest  ------------
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o [/
AN
-100 0

7.5.16 Variation of water plane area in beam waves at the condition when large parametric roll occurs in the
experiment. (H,,=0.04m and 7,,=0.76sec).
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7.5.17 Body plan of model for the experiment (left) and the caluculation (right).
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O  measured

—— lkeda’s prediction method(Bp+By+By)
0.06F —-- Ikeda's prediction method(B+B ) 7
----- lkeda's prediction method(Bp)

0.04

0.02

7.5.18 Roll damping components of the Ikeda’s Prediction Method.

d By/d x
0.002 T T .
0.001f 4.P. FP. ]

L] L] o *
. R rd o'
0— I.. e ® ° ) cece® . -
0 5 S.Ss. 10

7.5.19 Londitudinal distribution of eddy component of Roll damping estimated by the Ikeda’s Prediction Method.

O measured
—  lkeda’s prediction method
—--  lkeda's prediction method+skeg component

----- lkeda's prediction method-+skeg component
+modified eddy component

—  lkeda's prediction method+skeg component
+modified eddy component+bilge keel component

N coefficient N coefficient

0.08 - . 0.08

O measured L
—— lkeda's prediction method
0.06F —-- [keda's prediction method+skeg component 0.06

s lkeda's prediction method+skeg component |
! +modified eddy component

0.04f 0.04r
0.02f 0.02r
O 1 1 0 1 1 1 1 1 1 1 1 1 |
0 10 roll angle 20 0 10 roll angle 20

7.5.20 Comparisons between measured and estimated roll damping for the model. Left side figure is the result for

the model without bilge keel and right side one is the result for the model with bilge keel.
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7.5.1 The results of experiments for naked hull (without) and hull with full bilge keel in ~ 7.5.2 (with).
initial final
T, H, Bilge angle of angle of
(sec) | (m) keel wave vave notes
direction | direction

(deg) (deg)
0.95 | 0.04 | without 45 90
0.95 | 0.04 | without 90 90
0.95 | 0.04 | without 135 90
095 | 0.04 | without 150 100
0.95 | 0.04 | without 180 90
0.95 | 0.04 | without 180 120 4030
095 | 0.04 with 0 90
095 | 0.04 with 45 90
095 | 0.04 with 90 90
095 | 0.04 with 135 90
095 | 0.04 with 180 90
0.95 | 0.06 with 90 90
0.95 | 0.06 with 180 90
0.95 | 0.08 with 45 90

120
0.95 | 0.08 with 150 90
0.95 | 0.08 with 180 90 120
095 | 0.10 with 120 90
095 | 0.10 with 180 120
120
over .

0.95 0.10 with 180 90
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3)
4)
5)
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7)

7 10
4m 27

120
0.08m

Yoshiho Ikeda, Seiichi Shimoda, Yuji Takeuchi: Experimental Studies on Transient Motion and Time to Sink of a
Damaged Large Passenger Ship, Proc. of the 8" Int. Conf. On the Stability of Ships and Ocean Vehicles, 2003.9.,
pp.243 252

( ) 61 10  pp23 60

pp.95 124
Beam Sea No.30 1965 pp.83 103
No. 169 1978
W. Blocki Ship Safety in Connection with Parametric Resonance of the Roll, International Shipbuilding
Progress pp.27 306, 1980

191 14 6  pp97 103
CAD 2001
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7.6.2
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7.6.4

(stable surf-riding)
all Re<0.0
(surf-riding with
oscillation)”
0 some Re>0.0 and Im ne 0.0
763 5
7.6.3 not identified
7.6.4
periodic motion
7.6.5 7.6.4
120 1/25
7.6.6
0.34
6)
7.6.5
2
7.6.7 Heteroclinic bifurcation(linear)

Heteroclinic bifurcation(Nonlinear)
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7.6.6

1)

2)

3)

4)

5)

1) N. Umeda: Nonlinear Dynamics of Ship Capsizing due to Broaching in Following and Quartering Seas, Journal
of Marine Science and Technology, 4, 1999, pp.16  26.

2) N. Umeda et al.: Stability Assessment for Intact Ships in the Light of Model Experiments, Journal of Marine
Science and Technology, 4, 1999, pp. 45 57.

3) N. Umeda et al. Some Remarks on Theoretical Modelling of Intact Stability, Proc. of 7™ International Ship
Stability Workshop, 2004

4) , , , ,7 49 57,1997

5) K. Spyrou Surf-Riding, Yaw Instability and Large Heeling of Ships in Following / Quartering Waves,
Schiffstechnik 42, 1995

6) N.Umeda Some Remarks on Broaching Phenomenon, Proc. of the 2™ Workshop on Stability and Operational
Safety of Ships, 1996

7) H. Hashimoto Importance of Several Nonlinear Factors on Broaching Prediction, Journal of Marine Science and

Technology, 9, 2004, pp. 80  93.
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SUB-COMMITTEE ON STABILITY AND SLF 48/3/7
LOAD LINES AND ON FISHING VESSELS 8 July 2005
SAFETY Original: ENGLISH
48th session
Agenda item 3

DEVELOPMENT OF EXPLANATORY NOTES
FOR HARMONIZED SOLAS CHAPTER II-1

Proposed explanatory notes for SOLAS chapter I1-1

Submitted by Japan

SUMMARY

Executive summary: This document provides proposals of explanatory notes for
amendments to SOLAS chapter II-1 adopted at MSC 80 by resolution
MSC.194(80)

Action to be taken: Paragraph 9

Related document: MSC 80/24/Add.1, annex 1

Background

1 The Maritime Safety Committee, at its eightieth session, adopted resolution MSC.194(80)
on amendments to the 1974 SOLAS Convention as amended. This included the amendments to
SOLAS chapter II-1 (MSC 80/24/Add.1, annex 1).

2 The final text of the draft amendments to SOLAS chapter II-1 prepared by the
Sub-Committee and approved by MSC 79 included some ambiguous expressions. However,
these could not be resolved due to its technical nature.

Proposed explanatory notes

3 In order to resolve these ambiguities, Japan invites the Sub-Committee to consider the
following items in paragraphs 4 to 8 in relation to the amendments to SOLAS chapter II-1
adopted by MSC resolution 194(80).

4 Regulation 7-1, paragraph 1; at the end, we can not understand the words “and where
r(x1, x2, b0) = 07, and this may, in addition, create a confusion that the b0 here and by in 1.1 is
the same or different. We consider that the intention is that where £ = 0 (side end of the ship),
r(x1;, x2;, b) = 0. We propose a explanatory note as

“where r(x/, x2, b0) = 0” means that where k=0, r(x1;, x2;, b) = 0.”.
Or, “where r(x/, x2, b0) = 0” means “where r(x/, x2, b0), p~=0".

I\SLF\48\3-7.doc For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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5 Regulation 7-2, paragraph 4.1.1; parameter B (beam) used in this paragraph is different
from B (Breath) as defined in regulation 2. To avoid any confusion, B, shall be used in
regulation 7-2.4.1.1.

6 Regulation 7-2, paragraph 4.1.2; parameter 4 (projected lateral area) is used in this
paragraph, but this is different from A4 (attained subdivision index) as defined in regulation 7. To
avoid any confusion, 4. shall be used in regulation 7-2.4.1.2. (Avoid the use of 4,, which is used
another purpose in naval architecture.)

7 Regulation 7-2, paragraph 6.1; x; and x; (small underside letters of 1 and 2) are used here,
but x/ and x2 (normal size of 1 and 2) are used in regulation 7-1. We are sure that these are the
same. Therefore, following explanatory note is proposed:

“x;” means “xI” and “x,” means “x2”.
8 In regulation 13, paragraph 7.6 footnote, IEC 529: 1976 no longer exists. This has been
replaced by IEC 60529:2003. This shall be confirmed, perhaps, during the work of the
explanatory note for SOLAS chapter II-1 (existing work items of SLF). This is not editorial and
was not considered at MSC 80. SLF 48 shall examine this.

Action requested of the Sub-Committee

9 The Sub-Committee is invited to consider paragraphs 4 to 8 above, and create necessary
explanatory notes to SOLAS chapter II-1.

I\SLF\48\3-7.doc
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SUB-COMMITTEE ON STABILITY AND SLF 48/4/5
LOAD LINES AND ON FISHING VESSELS 10 June 2005
SAFETY Original: ENGLISH
48th session
Agenda item 4

REVISION OF THE INTACT STABILITY CODE
Proposal on draft explanatory notes to the severe wind and rolling criterion

Submitted by Japan

SUMMARY

Executive summary: This document provides draft explanatory notes to the severe wind
and rolling criterion as a part of the revision of the IS Code.

Action to be taken: Paragraph 3
Related documents:  SLF 47/WP.2, SLF 48/4/1, resolutions A.749(18) and MSC.75(69)

Introduction

1 SLF 47 agreed that explanatory notes should be developed as a base of present stability
criteria as Part C of the new IS Code regarding revision of the Code on Intact Stability for all
types of ships covered by IMO instruments (resolution A.749(18) as amended by
resolution MSC.75(69)) known as the IS Code. Its intention is to facilitate the development and
use of performance-based criteria or alternative approval, which is comparable to the safety level
of the current stability criteria. For this purpose, the member of the intersessional
correspondence group agreed that Japan drafts the explanatory notes to the severe wind and
rolling criterion (weather criterion).

2 Since the current weather criterion was developed from the weather criterion of Japanese
national standards with the roll angle prediction formula of USSR’s national standards, Japan
reviewed the technical background of Japanese weather criterion including data used for its
development in 1956, and described the process of merging these two criteria in the
resolution A.562(14) which was adopted at IMO in 1985. The draft explanatory notes prepared
by Japan are set out in annex to this document.

Action requested of the Sub-Committee

3 The Sub-Committee is invited to consider the above draft explanatory notes and take
actions as appropriate.

Hksk

For reasons of economy, this document is printed in a limited number. Delegates are
1:\SLF\48\4-5.doc kindly asked to bring their copies to meetings and not to request additional copies.
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DRAFT EXPLANATORY NOTES TO THE SEVERE WIND AND ROLLING
CRITERION (WEATHER CRITERION) (CHAPTER 2.3 OF THE IS CODE PART A)

3.1 Introduction

The severe wind and rolling criterion (weather criterion) is one of general provisions of the
IS Code. This criterion was originally developed to guarantee the safety against capsizing for a
ship losing all propulsive and steering power in severe wind and waves, which is known as a
dead ship. Because of no forward velocity of ships, this assumes an irregular beam wind and
wave condition. Thus operational aspects of stability are separated from this criterion, and are
dealt with the guidance to the master for avoiding dangerous situation in following and
quartering seas (MSC Circ.707), in which a ship could capsize more easily than beam seas under
some operational actions.

The weather criterion firstly appeared in the IMO instruments as Attachment No.3 to the
Final Act of Torremolinos International Convention for the Safety of Fishing Vessels, 1977.
During the discussion for developing the Torremolinos Convention, the limitation of the
GZ curve criterion based on the IMCO resolution A.168(ES.IV) was remarked; it is based on
experiences of fishing vessels only in limited water areas and it has no way for extending its
applicability to other ship types and other weather conditions. Thus, other than the GZ curve
criterion, the Torremolinos Convention adopted the severe wind and rolling criterion including a
guideline of calculation. This new provision is based on the Japanese proposal (Tsuchiya, 1975)
which was developed from the Japanese stability standard for passenger ships (Watanabe et al., 1956).

Then, similar criticisms to the GZ curve criterion for passenger and cargo ships, the IMCO
resolution A.167(ES.IV), was raised at IMCO. At least resolution A.167 was claimed to be
applicable to ships of 100 m in length or below because of the limitation of statistical data source.
As a result, a weather criterion was adopted also for passenger and cargo ships as well as fishing
vessels of 45 m in length or over as IMO resolution A.562(14) in 1985. This new criterion keeps
the framework of the Japanese stability standard for passenger ships again but with USSR’s
calculation formula for roll angle. For smaller fishing vessels, the IMO resolution A.685(17) in
1991 was provided. Here the reduction of wind velocity near sea surface is introduced reflecting
USSR’s standard. When the IS Code was established as the IMO resolution A.749(18) in 1993,
all the above provisions were superseded.

3.2 Energy balance method

The basic principle of the weather criteria is energy balance between beam wind heeling
and righting moments with a roll motion taken into account. One of pioneering works on this
energy balance methods can be found in Pierrotte (1935). Here, as shown in Figure 3.1, it is
required the energy due to restoring is larger than that due to wind heeling moment. Since no roll
motion is taken into account, a ship is assumed to suddenly suffer wind heeling moment at its
upright condition. This was later used in the interim stability requirements of the USSR and then
Poland, Romania, GDR and China. (Kobylinski & Kastner, 2003)

In Japan energy balance method is extended to cover a roll motion and to distinguish
steady and gusty wind as shown in Figure 3.2. Then it is adopted as the basic principle of
Japan’s national standard. (Watanabe et al., 1956) The regulation of the Register of Shipping of
the USSR (1961) also assumes initial windward roll angle as shown in Figure 3.2. The current
IMO weather criterion of Chapter 2.3 of the IS Code Part A utilises the energy balance method
adopted in Japan without major modification. Here we assume that a ship with a steady heel

[:\SLF\48\4-5.doc
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angle due to steady wind has a resonant roll motion in beam waves. Then, as a worst case, the
ship is assumed to suffer gusty wind when she rolls toward windward. In case of the resonant
roll, roll damping moment and wave exciting moment cancel out. Thus, energy balance between
restoring and wind heeling energy can be validated around the upright condition. Furthermore, at
the final stage of capsizing, since no resonance mechanism exists near the angle of vanishing
stability, the effect of wave exciting moment could be approximated to be small. (Belenky, 1993)

Me Condition:

M Q,<9,

9, - ;
Figure 3.1 Energy balance method used by Pierrote (1935).

Mg

Figure 3.2 Energy balance methods in standards of USSR (upper) and Japan (lower).
(Kobylinski & Kastner, 2003)

3.3  Wind heeling moment

In the Japanese standard the steady heeling moment, M, is expressed as follows:
1 2
My == pCoAH,(H/ H,)V, (3.2.1)

where p: air density, Cp: drag coefficient, 4: lateral windage area above water surface, H: heeling
lever, Hy: vertical distance from centre of lateral windage area to a point at one half the mean
draught and Vy: wind velocity. Values of Cp obtained from experiments of passenger ships and
train ferries ranges from 0.95 to 1.28. In addition, a wind tunnel test for a domestic passenger
ship (Okada, 1952) shows that H/H, is about 1.2. Considering these data, the value of Cp(H/Hy)
was assumed to be 1.22 in average. These formula and coefficients were adopted also at IMO.

[\SLF\48\4-5.doc
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To represent fluctuating wind, gustiness should be determined. Figure 3.3 shows the ratio of
gustiness measured in various stormy conditions. (Watanabe ef al., 1955) Here the maximum is
1.7 and the average is J1s (1.23). However, these were measured for about 2 hours of
duration but capsize could happen within half the roll natural period, say 3 to 8 seconds.
In addition, reaction force could act on centre of ship mass because of such short duration.
Therefore, in place of the maximum value, the average value of Figure 3.3 is adopted. This
results in 1.5 as heeling lever ratio for gustiness as shown in the IS Code.

i‘ﬁ ] | ¥
o] 17 | © Trhoon | | | |
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Figure 3.3 Gustiness of measured sea wind. (Watanabe ef al., 1956)
34 Roll angle in waves (Japanese method)

In general, ship motion consists of surge, sway, heave, roll, pitch and yaw. In beam seas,
however, only sway, heave and roll are dominant. Furthermore, the effect of heave on roll is
negligibly small and coupling from sway to roll can be cancelled with roll diffraction moment
(Tasai & Takagi, 1969). Therefore, the roll motion can be modelled without coupling from other
motion modes if the wave exciting moment is estimated without wave diffraction. Consequently,
considering nonlinear roll damping effect is taken into account, the amplitude of resonant roll in

regular beam waves, @(degrees), can be obtained as follows:

wr®
= |[—— 322
¢ ‘/ NG (3.2.2)

where ®(=180s): maximum wave slope (degrees), s: wave steepness, r: effective wave slope
coefficient and NV: Bertin’s roll damping coefficient as a function of roll amplitude.

Wave steepness

Based on observations at seas, Sverudrup and Munk (1947) published a relationship between
wave age and wave steepness as shown in Figure 3.4. Here the wave age is defined with the ratio
of wave phase velocity, u, to wind velocity, v, and wave height, H,, means significant wave

T
height. If we use the dispersion relationship of water waves, uzf— , this diagram can be
V4

converted to that with wave period, T, as shown in Figure 3.5. Further, since the ship suffers a
resonant roll motion, the wave period could be assumed to be equal to the ship natural roll period.
Here it is noteworthy that the obtained wave steepness is a function of roll period and wind
velocity. In addition, because of possible spectrum of ocean waves, regions for the maximum
and minimum steepness are modified from the original data.
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Figure 3.4 Relationship between wave age and wave steepness. (Sverdrup & Munk, 1947)
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Figure 3.5 Relationship between roll period and wave steepness in Japanese criterion.
(Yamagata, 1959)

Hvdrodvnamic coefficients

For using Equation (3.2.2), it is necessary to estimate the values of » and N. Since we should
estimate wave exciting moment without wave diffraction due to a ship, it can be obtained by
integrating undisturbed water pressure over the hull under calm water surface. Watanabe (1938)
applied this method to several ships and developed an empirical formula, which is a function of
wave length, VCG, GM, breadth, draught, block coefficient and water plane area coefficient. For
simplicity sake, it is further simplified for 60 actual ships only as a function of VCG and draught
shown in Figure 3.6. The formula used in the IMO weather criterion for r was obtained by this
procedure.
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Figure 3.6 Effective wave slope coefficient: measurements (circles) and estimation (solid line).
(Yamagata, 1959)

For estimating the N coefficient, several empirical formulaec were available. However, in the
Japanese stability standards, N=0.02 is recommended for a ship having bilge keels at the roll
angle of 20 degrees. Some evidence of this value can be found in Figure 3.7. (Motora, 1957)

N coefficients

torpedo boat #—\ N=0.02
torpedo boat
torpedo boat #_‘ﬁ
cargo ship ﬁj
cargo ship h_
BN at 20 degrees
train ferry # SR
passenger ship #_' ON at 10 degrees

cargo ship E—

passenger ship
[ |

0 0.01 0.02 0.03 0.04

Figure 3.7 Example of N coefficients measured in model experiments.

Natural roll period

For calculating the wave steepness, it is necessary to estimate the natural roll period for a subject
ship. In the Japanese standard, the value measured with the actual ship is corrected with Kato’s
empirical formula. (Kato, 1956) However, at STAB sub-committee of IMCO, this procedure
was regarded as tedious and Japan was requested to develop a simple and updated empirical
formula for the roll period. Thus the current formula was statistically developed by Morita, and
is based on data measured from 71 full-scaled ships in 1982. As shown in Figure 3.8, all
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sampled data exist within £7.5% of error from this Morita’s formula. More precisely, the
standard deviation of the error from the formula is 1.9%. Furthermore, sensitivity analysis of C
on required GM indicated that even 20% error of C estimation results in only 0.04 m error of
required GM calculation. Therefore, IMO concluded that this formula can be used for weather

criteria.

C coefficient for roll period
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Figure 3.8 Estimation accuracy for empirical formula for roll period.

Wave randomness

While the wave steepness obtained from Sverdrup-Munk’s diagram is defined by the significant
wave height in irregular waves, the resonant roll amplitude given by equation (3.2.2) is
formulated for regular waves. For filling the gap between two, the roll amplitude in irregular
waves whose significant wave height and mean wave period are equal to height and period of
regular waves was compared with the resonant roll amplitude in the regular waves. As shown in
Figure 3.9, if we focus the maximum amplitude out of 20 to 50 roll cycles, an obtained reduction
factor is 0.7.

‘.D
A 2 dar wapes
/ 7 51 Tegu

=7-3F LWl - o 204 - ) E

2 [ / 'l‘:l‘:‘-_ h 3 *~
e N T

"'\-\-.___.-‘-‘--‘__ o
[/ -2 4 - 8 lo 12 14 1.6 18 20
— 7L ug.‘a;l' Factor AT (Ty?e)

Figure 3.9 Comparison of roll amplitude in regular and irregular waves. (Watanabe et al., 1956)
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35 Steady wind velocity

As explained above, the Japanese weather criterion introduced probabilistic assumptions for
determining gust and roll in irregular waves. These make final probabilistic safety level unclear.
Possible estimation error for wind heel lever coefficient, roll damping coefficient, effective wave
slope coefficient, natural roll period and wave steepness added uncertainty to the required safety
level. Therefore, Japan carried out test calculations for 50 ships, which include 13 ocean going
ships as shown in Figure 3.10. Based on these calculated outcomes, the steady wind velocity was
determined to distinguish ships having insufficient stability from other ships. In other words, for
ships having insufficient stability the energy balance should not be obtained with the above
procedure. As a result, the wind velocity for ocean going ships is determined as 26 m/s. Here a
sunken torpedo boat (0-12-I), a sunken destroyer (O-13) and three passenger ships having
insufficient stability (0-3, 7, and 9) are categorised as unsafe and 2 cargo ships, 3 passenger ships
and 3 larger passenger ships are done as safe. It is noteworthy here that 26 m/s of wind velocity
is only obtained from casualty statistics for ships and is not directly obtained from actual wind
statistics. IMO also adopted 26 m/s as critical wind velocity. If we substitute V,,=26 m/s to
Equation (3.2.1), the wind pressure in the current IS code is obtained.
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Figure 3.10 Results of test calculations for determining steady wind velocity; Relation between
wind velocity and the b/a factor for various sample ships. (Watanabe et al., 1956)
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3.6 Rolling in waves (USSR’s method)

In the stability standard of USSR (USSR, 1961), the maximum roll amplitude of 50 roll cycles is
estimated as follows:

or = kX X0, (3.2.3)

Here k is a function of bilge keel area, X; is a function of B/d, X; is a function of the block
coefficient and ¢y is roll amplitude of the standard ship, which is shown in Figure 3.11. This
formula was developed by systematic calculations for a series of ships utilising the transfer
function and wave spectrum. (Kobylinski & Kastner, 2003)
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Figure 3.11 Standard roll amplitude in USSR’s criterion. (USSR, 1961)

As mentioned earlier, IMO decided to partly use this USSR’s roll formula together with the
Japanese criterion. This is because the USSR’s formula depends on hull forms for estimating roll
damping while Japanese does not. The proposed formula is as follows:

@, (degrees) = C kX X,rs (3.2.4)

Here Cjr is a tuning factor for keeping the safety level of the new criterion as the same as the
Japanese domestic standard. To determine this factor, member states of a working group of
STAB sub-committee executed test calculations of Japanese and new formulations for many
ships. For example, Japan (1982) executed test calculation for 58 ships out of 8,825 Japanese
flagged ships of larger than 100 gross tonnage in 1980. These included 11 cargo ships,
10 oil tankers, 2 chemical tankers, 5 liquid gas carriers, 4 container ships, 4 car carriers,
5 tug boats and 17 passenger or RoPax ships. As a result, IMO concluded that Cjg should be 109.
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Introduction

1 SLF 47 agreed that the weather criterion (3.2 of the current Intact Stability Code) should
be revised to allow alternative assessments with wind heeling lever and roll angle measured in
scaled model experiments. For this purpose, the intersessional correspondence group proposed
draft guidelines for alternative assessment of weather criterion, which specifies detailed
procedures of model experiments. This draft, however, includes several undecided items and
some alternatives to be determined at SLF 48.

2 Considering the above points are closely related to scientific knowledge and accumulated
experience of model experiments, Japan herewith provides comments on these points together
with its own experimental and theoretical evidence to facilitate discussion at SLF 48.

3 The comments prepared by Japan are set out in the attached annex.

Action requested of the Sub-Committee

4 The Sub-Committee is invited to consider the above comments and the comments in the
attached annex and take actions as appropriate.

skeksk

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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COMMENTS ON DRAFT GUIDELINES FOR ALTERNATIVE
ASSESSMENT OF WEATHER CRITERION

(1) The Section 2.3.2 of the draft guidelines for alternative assessment of weather criterion
proposed by the intersessional correspondence group has two alternatives on model scale. The
option 2.3.2a requests the minimum model scale ratio as well as the minimum model length
while the option 2.3.2b requests the minimum breadth of model bilge keels instead of the model
scale ratio. The delegation of Japan supports the option 2.3.2b. This is because bilge keel effect
does not depend on the Reynolds number if breadth of bilge keels is much larger than thickness
of unsteady boundary layer near a model hull. According to the results of Ikeda’s comparative
model experiments (Ref. 1) as shown in Figure 1, if at least the breadth of bilge keel is greater
than 7 mm, roll damping due to bilge keels can be accurately obtained in model experiment. In
other words, the data depend on Keulegan-Carpenter’s number only and not on the Reynolds
number. In such case thickness of unsteady boundary layer measured by Ikeda et al. (Ref. 2) is
about 1mm, and much smaller than the breadth of bilge keels.

]
o
a
. 2
89=ab +bOn
0.05
present cal.
net hull
0 : measured
0 L 1 1
bpk
b
o
0.002 L
[}
0.001 present cal.
]
0 I I 1
0 Smm 10mm 15Smm bpg

Figure 1 Measured extinction coefficients for various bilge keel breadths. Here the
“present calculation” represents estimation by using Keulegan-Carpenter’s
number. (Ref. 1)

2) The option 2.3.2b allows use of a frictional correction specified in 2.6.1.2 for smaller
mono-hull models having neither bilge keels nor sharp bilges. Japan believes that a friction
correction on measured roll damping for such model is a practical solution based on scientific
evidence for allowing the use of smaller models.

The background of the correction proposed in 2.6.1.2 is as follows. The frictional component of
roll damping for a full scale ship is negligibly small, while that for a 2m-long model without
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bilge keels could be about 10%. This is due to the difference of the Reynolds number between a
full scale ship and its scaled model. Almost always flow around a scaled model can be regarded
as laminar because of its small Reynolds number. Therefore, if we extract a frictional component
from the measured damping in a model experiment, the balance can accurately represent roll
damping in full scale. For this purpose, we have to accurately estimate the frictional roll
damping in model scale. We can use an unsteady boundary layer theory, which can be
successfully validated with model experiment as shown in Figure 2. (Ref.2)

1.

o
e, /0. 30 Ibuty) 7}

Figure 2 Comparison in shear stress distribution on hull surface in rolling motion between
measurements and an unsteady boundary layer theory. (Ref. 2)

However, it is desirable to estimate frictional damping with a simplified formula for practical
uses. Kato (Refs. 3-4) proposed an empirical formula as shown in equations (2.2)-(2.4) of the
draft guidelines based on a framework of boundary layer theory and his model experiment. His
result is almost equivalent to Blasius’s laminar boundary layer theory with an effective Reynolds
number. The accuracy of Kato’s formula can be validated by comparing with an unsteady
boundary layer theory. Figure 3 is an example, which indicates very good agreements. (Ref. 2) A
well known ITkeda’s semi-empirical method for predicting roll damping (Ref. 5) also utilises this
Kato’s formula. Recent ITTC Survey revealed that most of standard numerical codes for intact
and damage stability use Ikeda’s method for predicting roll damping. Therefore, even if Kato’s
formula itself is not so familiar, most of research organizations all over the world already use its
equations themselves for their daily works.

0.0015,
Series60,Cg=0,6
3, -----: Kato's formula
= : calculated by eq. (18)
0. 'loﬁg' -
0.001 v *1.139x10 *¢ m?/sec ===
0.0005}
0.0 — .
0.0 0.5 1.0 &

Figure 3 Frictional damping coefficient By for a model of Series 60 Cb=0.6 at zero forward
velocity. Here “calculation by eq. (18)” means outcomes with an unsteady boundary layer
theory. (Ref. 2)

3) The Section 2.6.1.2 of the draft guidelines for alternative assessment of weather criterion
proposed by the intersessional correspondence group has two alternatives on the use of forced
roll tests for estimating roll damping. The option 2.6.1.2a allows the use of forced roll tests with
satisfaction of the Administration while the option 2.6.1.2b requests to confirm that roll damping
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obtained by the forced roll tests agrees with that by roll decay tests specified in the guidelines
within practical accuracy at least two set of roll periods and metacentric heights. Japan is of the
opinion that the latter is more appropriate. As shown in Figure 4, it was confirmed that well
performed forced roll test results agree with roll decay test results. Accuracy of forced roll test
should be technically confirmed rather than leaving it to the satisfaction of the Administration
since it may allow unnecessary variety of test procedures. The use of forced roll tests is more
efficient and more reliable if roll damping of a used model is very large or water could be trapped
on a deck. In such case, roll decay tests should be repeated for many times to obtain reliable
outcomes even for one loading condition. The forced roll tests, however, can be carried out even
for such conditions without any problems.

forced roll test with specified amplitude
o :10(des?
5] GM=0. 16m :20(des)
Te =0. 83s p :30(deg)

4

Jes| ¥=0.02 «. ¢ roll decay tests

.C75

.08

.02s5]

Figure 4 Comparison in roll damping between forced roll tests and roll decay tests for a
scaled model of small craft. Here B,, is non-dimensional roll damping coefficient and @ is
non-dimensional roll frequency. (Ref. 6)
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Introduction

1 As long-term tasks, the sub-committee starts to revise the Intact Stability Code
(Resolution A.749(18)) for developing dynamics-based stability criteria and allowing alternative
approvals with numerical (and/or) physical simulation techniques. The intersessional
correspondence group identified three phenomena to be covered, i.e. a) dead ship condition,
b) restoring arm variation problems such as parametric rolling, ¢) manoeuvring related problems
such as broaching, and set up a methodology framework for developing criteria for these
phenomena. These methodologies can be used also to revise operational guidance in heave
weather, MSC/Circ.707, which would be revised to cover parametric rolling in head seas.
Considering these points are closely related to accumulated experience of scientific researches in
the field of nonlinear ship dynamics, the delegation of Japan herewith provides comments on
these points based on its own research outcomes to facilitate discussion at SLF 48.

Dead ship condition

2 It is the minimum requirements for a stability criterion to guarantee safety against
capsizing when a ship loses her propulsive and steering abilities. If all operational means such as
propeller thrust and rudder control are lost, a ship that is almost longitudinally symmetric suffers
bean wind and waves. Here, since a ship cannot escape from a severe sea state by herself, she
should survive for sufficiently long duration. For accurately evaluating probabilistic safety level
under such dead ship condition, an analytical prediction method to calculate capsizing probability

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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in beam wind and waves are indispensable. This is because numerical or physical experiment
requires prohibitively many realisations to obtain the reliable value of capsizing probability for a
practical ship, which should have very small capsizing probability. Among some existing
analytical methods, a piece-wise linear approach proposed by Belenky (1993) seems to be most
promising because it utilises analytically-obtained exact but simple solutions of linear
equations only.

Table 1 Principal dimensions of the car carrier

Items Car carrier
Length overall: Loa 190 m
Length between perpendicular: Lpp 180 m
Breadth: B 3220 m
Draught: T 8.925m
Vertical centre of gravity: KG 14.105 m
Metacentric height: GM 1.300 m
Lateral projected area: Ap 4327.860 m*
Height to centre of lateral projected 11.827 m
area: Hc
U (m/s)
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Figure 1 Capsizing probability of the car carrier in beam wind and waves by using the simplified
and exact methods of the piece-wise linear approach. (Paroka et al. 2005)

3 Japan examines applicability of Belenky’s piece-wise linear method by executing
numerical calculation with his exact and simplified methods and extends his methods to the case
in beam wind and waves with both capsizing in windward and leeward directions taken into
account (Umeda et al., 2004; and Paroka et al., 2005). The improved method was applied to a
car carrier, whose principal particulars are shown in Table 1. Numerical results are presented in
Figure 1. Here the righting arm is approximated with two lines by keeping the metacentric
height, the angle of vanishing stability and the dynamic stability from upright to the angle of
vanishing stability because a time-varying external force induces capsizing in this scenario. The
wind velocity, U, is assumed to be constant and waves are done to be fully developed with this
wind velocity and to be modelled with ITTC spectrum. Capsizing probability are calculated with
both exact and simplified methods. The former is derived from 3-dimensional Gaussian
probabilistic density function; the latter is based on the assumption that no resonance occurs in
the second region. The results demonstrate that Belenky’s simplified method slightly
overestimates capsizing probability obtained by the exact method and the safety level of the car
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carrier complying with the current IS Code is reasonably high. Moreover, the effect of fluctuating
wind has been incorporated for the above capsizing probability calculation by Francescutto,
Umeda et al. (2004) and sufficient safety level for a large passenger ship complying with current
and experiment-supported weather criteria.

4 As a next step towards dynamics-based criteria or alternative direct assessments, it is
essential to evaluate the safety level of many conventional ships guaranteed by the current
IS Code with the above prediction technique. Then stability requirement for new ship types can
be specified with the same prediction technique and the established safety level. In addition, the
prediction of drifting attitude in wind and waves should be incorporated for this prediction
technique in future.

Restoring arm variation problems such as parametric rolling

5 For these important problems, Japan performed extensive research programme including
captive model experiments, free-running model experiments and numerical and analytical studies
for a 6600TEU post Panamax containership whose principal particulars are shown in Table 2. As
a result, the following conclusions are obtained.

6 Traditionally righting arm in longitudinal waves is predicted by the Froude-Krylov
assumption, by which wave pressure is integrated around a wetted hull surface in waves.
However, the captive model experiment of the ship model with heel angle of 10 degrees in
following and head waves shows significant disagreement in metacentric height (GM) between
experiments and the Froude-Krylov calculation, as shown in Figure 2. At least, the
Froude-Krylov prediction does not depend on Froude number while the experimental data do. In
following seas as well as head seas with slow speed, the Froude-Krylov calculation overestimates
the measured results. For overcome this discrepancy, a strip theory is applied to calculate the
change in GM due to waves for a heeled ship in longitudinal waves (Umeda et al., 2004). Here
all radiation components in the roll moment due to heave and pitch motions and the heel effect of
the roll diffraction moment are consistently taken into account; the end terms are also included to
explain hydrodynamic lift components. This strip theory well improves agreements with the
experiment. This improvement indicates that the hydrodynamic effect cannot be ignored when
we accurately estimate the change in GM due to waves. If we develop a stability criterion with
the Froude-Krylov calculation on its own, it could excessively underestimate safety level of a
ship in longitudinal waves.

Table 2 Principal dimensions of the post Panamax container ship

Items Container Ship
length : L,, 283.8m
breadth : B 42.8m
depth : D 24.0m
mean draught : 7 14.0m
block coefficient : Cp 0.630
pitch radius of gyration : x,,/L,, 0.239
metacentric height : GM 1.08m
natural roll period : 7', 30.3s.
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Figure 2 Amplitude of GM variation in following and head seas for the post Panamax container
ship with the wave length to ship length ratio of 1.0. Here H/A and F, indicates the wave steepness
and the Froude number, respectively. And “cal. (FK)” means the Froude-Krylov calculation.

head seas

25

L/ N
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wave steepness

Figure 3 Measured amplitude of parametric rolling of the containership model
in regular head seas. The wave length is 1.6 times as long as the ship length
and the speed was adjusted to trace the maximum roll amplitude.

7 In the free-running model experiments of the containership parametric rolling was
observed in head and bow seas. As shown in Figure 3, parametric roll amplitude of 20 degrees
occurs even with the wave steepness of 0.02 in regular head seas. This wave steepness is much
smaller than that specified in current guidance, MSC/Circ.707, i.e., 0.04. When the wave
steepness increases up to 0.07, parametric rolling disappeared. This is because mean of restoring
arm, which is responsible for effective natural roll period, also increases with wave steepness.
Although extensive exploration of operational and wave conditions was carried out in the
experiment, no capsizing was found for this ship in head and bow seas.
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Figure 4 Measured amplitude of parametric rolling of the containership model in regular head
and bow seas. The wave length is 1.6 times as long as the ship length and the wave steepness
is 0.048. Here the heading angle of 180 degrees means head seas as defined in MSC/Circ.707.

8 For examining effect of heading angle on parametric rolling, several bow sea running
were performed in the experiments. In regular bow seas, as shown in Figure 4, significant
amplitudes of parametric rolling can be found within 45 degrees deviation from head seas. This
is due to the reduction of magnitude of restoring arm variation with heading angle.

Manoeuvring related problems such as broaching

9 Current operational guidance recommends a ship master to reduce speed up to the Froude
number of 0.3 for avoiding surf-riding, which is a prerequisite for broaching, in heavy following
seas. This corresponds to a heteroclinic bifurcation point for the wave steepness of 0.1, which is
obtained from results of phase plane analyses for various ships of uncoupled but nonlinear surge
equation validated with free-running model experiments.

10 Recent study in Japan (Umeda et al., 2004) succeeded in direct and efficient prediction of
such heteroclinic bifurcation point for a given ship. Here only a few iterations are required and
any additional term can be incorporated. As shown in Figure 5, more precise surf-riding
threshold can be determined for each ship.

Proposal to dynamics-based criteria and operational guidance

11 The above discussion and methodology on parametric rolling and broaching can directly
contribute to the revision of MSC/Circ.707 as well as dynamics-based stability criteria.
However, it is indispensable to utilise hull form details and propulsive characteristics of subject
ships. This means the modern methodology of ship dynamics is not suitable for establishing
universal guidance or criteria. Therefore, Japan is of the opinion that both the current framework
of stability design and operational criteria applicable to all ships but with less accuracy and the
use of accurate operational guidance based on individual ship information and advanced
methodology should be kept as alternatives for ship owners in future.

I:\SLF\48\4-14.doc



AT AR

SLF 48/4/14 -6-

0.45

present method

______ conventional method

0.40

Fn 0.35

0.30-

0.25 1 | 1 | 1 | 1 | L | L ]
8 1.0 1.2 1.4 1.6 1.8 2.0

NL

Figure 5 Surf-riding threshold for a fishing vessel in following seas predicted by numerical
procedure to identify a heteroclinic bifurcation with the wave steepness of 1/10. Here F, and A/L
mean the nominal Froude number and the wave length to ship length ratio, respectively. The
present method is one that takes nonlinearity in wave-induced surge force and the wave effect of
propeller thrust into account and the conventional method does not. (Umeda et al., 2004)

Action requested of the Sub-Committee

12 The Sub-Committee is invited to consider the above comments and take action as
appropriate.
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SUMMARY

Executive summary: This document provides comments on draft guidelines for alternative
assessment of weather criterion prepared by the intersessional
correspondence group on the revision of the IS Code, based on the
results of a trial experiment with a RoPax ferry model.

Action to be taken: Paragraph 13

Related documents: ~ SLF 47/WP.2, SLF 48/4/1, SLF 48/4/13 and resolutions A.749(18)
and MSC.75(69)

Introduction

1 SLF 47 agreed that the weather criterion (3.2 of the current Intact Stability Code) should
be revised to allow alternative assessments with wind heeling lever and roll angle measured in
scaled model experiments. For this purpose, the intersessional correspondence group proposed
draft guidelines for alternative assessment of weather criterion, which specifies detailed
procedures of model experiments. However, feasibility, reliability, equivalence to the current
weather criterion and equivalence among the options of the draft guidelines are not fully clarified.
With this background Japan conducted a scaled model experiment of a RoPax ferry following the
draft guidelines and herewith provides the results for discussion at SLF 48.

Summary of the experiment

2 The principal particulars, general arrangement and GZ curve of the RoPax ferry used in
this investigation are shown in table 1, figure 1 and figure 2 respectively. Using a scale model of
the ship (Lpp=2m), the drifting test for evaluating wind heeling lever, l,,;, the roll decay test and
the roll test in beam waves, both for evaluating roll angle ¢,, were conducted. The dimensions of

the basin are 50m in length, 8m in breadth and 4.5m in depth. The wind tunnel test for
measuring drag coefficient, Cq, as a function of heel angle was not carried out. In the drifting test,
the drift speed was varied for cover the expected range of Cq4. In the roll test in beam regular
waves the model was free floating and guide ropes were attached to adjust the change of
heading angle.

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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Table 1 Principal particulars

RTERMS

Length between pempendicubars: Lpp [m ] 170.0 Area of Bile Keels:Abk [m 2] 61.32
Breadth:B [m] 25.0 Verticalcenter of gravity :KG [m ] 10.63
Depth:D [m] 14.8 M etacentric height:GoM [m ] 141
draft:d [m ] 6.6 Fboding angk: ¢ r [deg] 39.5
Disphcement:W [ton] | 14,983 Rollng Peribd:Tr [sec] 17.90
B bckage coefficient:Ch [-] 0.521 Lateral pro pcted area: Al Im 2] | 3433.0
B/d [~ 3.79 Height to center of AL above WL:Hc [m ] 9.71
[N
N
‘H ‘FDH[:DUDI nUU:DDlj[]l-_DDDDGD'].’]“UDDDD(]U‘FDUD':[][];ll;n"h" —
839 [ Lem T W] G0 U

Figure 1 General arrangement

Result of drifting test

14 r
12 1
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40 60 80

Anglk ofHeel [deg]

Figure 2 GZ curve

3 In the drifting test the drift speed was decided and varied to make the measured drift force
equal to the wind force with assumed wind drag coefficients and the wind speed of 26 m/s in ship
scale. The result is shown as the height of the centre of drift force above waterline in figure 3. It
is observed that the centre of drift force exists higher than half draft, which is the assumption in
IS Code, and almost locates even higher than waterline. This phenomenon was experimentally
clarified to be caused by the pressure distribution on the bottom (Ishida et al., 2000). The effect
of the ratio of breadth/draft was also investigated by changing the draft of this model in upright
condition. As shown in figure 4 a ship with larger breadth/draft ratio tends to have a higher
virtual position of the centre of drift force.

[\SLF\48\4-15.doc
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Figure 3 Height of the centre of drift force
(= the heeling moment divided by drift force)
above waterline for assumed wind drag

coefficients Cy

Result of roll decay test

4

Figure 4 Effect of draft on the centre
of drift force

The measured nonlinear roll damping coefficient, N, as a function of roll amplitude is

shown in table 2. The dependency of N coefficient on roll amplitude is small because the linear
component (wave making damping) is small for this ship.

Table 2 Roll damping coefficient N

RollAm plitude N
10.0 0.0122
12.5 0.0117
15.0 0.0113
17.5 0.0111
20.0 0.0109
22.5 0.0108
25.0 0.0106

Result of roll test in beam regular waves

5

From the table of wave steepness as a function of natural roll period in the draft

guidelines, the assumed wave steepness, s, for this ship is 0.0383 (1/26.1). Roll amplitude of the
model was measured in beam waves with s=1/26.1, 1/40 and 1/60. The maximum wave height
was 27.8cm, which is close to the limitation of the test basin. The measured roll responses are
shown in figure 5. Because of the nonlinearity of roll damping, the non-dimensional roll
amplitudes are larger in smaller steepness.

30
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—
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A%A A
A m =1/40 |—
o 4 A =1/26.1
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°
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2
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Figure 5 Roll amplitude in beam regular waves (left: in degrees, right: non-dimensional)
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Alternative assessment of 1,

6 As the wind tunnel test for this ship was not conducted, the wind heeling lever, l,,;, was
evaluated from the following equation in IS Code

_ PAZ
“11000-g-A

Using the test result, Z in the equation (heeling moment lever) was changed to the vertical
distance from the centre of lateral projected area to the measured centre of drift force (figure 3).
This method is not included in the draft guidelines, but it helps to understand the effect of the test
result to ly;. The evaluated ly; is shown in figure 6. It is recognized that the calculated heeling
moment lever is smaller than the current IS Code by about 30% in an average.

AT

005

L]

—@— Experin ent

— — Current 5 Code

Y

-20 -10 0 10 20 30 40
Angk of Heel deg.)

Figure 6 Wind heeling lever, l,,;, evaluated by the drifting test

Alternative assessment of ¢,

7 As shown by the symbols of s=1/26.1 in figure 5 the directly measured ¢, , the peak roll
amplitude in regular waves, is 27.5 degrees and ¢, (defined as 70% of ¢,, ) is 19.3 degrees.

8 Three steps procedure was also carried out as an alternative. This procedure calculates ¢,

with the following equation
¢, =0.7,/90mrs /N(9,, ) -

The roll damping coefficient, N, is already calculated in paragraph 4. The effective wave slope
coefficient, r, is calculated by the roll amplitude measured in waves of natural roll period of the
ship. In three steps procedure a small wave steepness is used in the test. From the result in waves
of s=1/60, 1=0.759 and ¢,=19.5 degrees, which is very close to the direct measurement.

Alternative assessment of weather criterion

9 The comparison of assessed weather criteria using experimental results is summarized in
table 3. Here dependency of ly; on heel angle is ignored for simplicity (1,;=0.1). It is recognized
from table 3 that the alternative assessment by model experiment can change the
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value of b/a significantly from the current criterion. For this ship, enlarged ¢, by experiment
makes b/a smaller and the evaluated 1,,; by drifting test makes b/a larger than the current criterion.

Table 3 Assessment of weather criterion

Current F1:Current | F1:Current | k1:Drift test | F1:Drift test
W eather + + + +
C riterbn d1:Direct | ¢ 1:3Steps ¢ 1:3Steps ¢ 1:Current
1 [m] 0.153 0.100
r [-] 1.096 - | 0.759 1.096
Tr [sec] 16.3 179 16.3
s [£] 0.0431 0.0383 0.0431
61 [deg] 15.4 19.3 | 19.5 15.4
o [deg] 6.1 4.0
¢ 0—¢ 1 [deg] -9.3 | -13.2 | -134 -15.5 | -11.4
¢ £ [deg] 39.5
Area a [rad—m | 0.075 | 0.111 | 0.113 0.103 | 0.067
Area b [rad—m ] 0.224 0.268
b/a [-] 3.00 | 2.02 | 1.98 2.60 | 4.03
Items to be considered
10 As mentioned in paragraph 9, the alternative assessment by model experiments may lead

to a significant change of safety level of the criterion. If the wind tunnel test is carried out and its
result is used together with the one of drifting test, it is expected that b/a becomes much larger
than current criterion. The proposed assessment by model experiments is physics based and
assumes dead ship condition in beam wind and waves, however the current weather criterion
implicitly includes some safety margins of other danger. With this reason Japan considers that
there should be a certain limit for the change of safety level.

11 In the revised IS Code prepared by the intersessional correspondence group, the
determinations of l,; and ¢, by model tests are prescribed separately in Part A, i.e. l; in 2.3.3

and ¢, in 2.3.5.3. On the other hand the proposed draft guidelines basically allow combinations

of experiments (see paragraph 1.5 of annex 1). This inconsistency should be corrected. In
general Japan is of the opinion that the number of alternatives and combinations should be
minimized to keep a certain safety level as an international standard.

12 In “Construction” of “Model Set-Up” in ANNEX 1, the model is requested to be built up
to the upper weather deck and watertight in order to guarantee hydrostatic properties. In the next
paragraph, it is also requested that superstructures should be built to ensure the correct rightening
arm curve. As for the reported ship in this document, buoyancy till the upper vehicle deck is
included in the stability calculation (see figure 1). In the test in regular waves with the largest
steepness, water surface reached almost the deck. If the deck were located in lower position,
water would enter into the model if the deck was built open, or at least disturb the roll motion
even if deck was covered by watertight plate. Considering the purpose of the test in waves to
determine the resonant roll amplitude, higher priority should be given to the rolling property of
the model in the sentences in “Model Set-Up” even if the rightening arm curve is partly deviated.
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Action requested of the Sub-Committee

13 The Sub-Committee is invited to consider the above comments and take actions as
appropriate.
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SUMMARY

Executive summary: This document presents a proposal for the methodology for the revision of
the freeboard tables and corrections in the 1966 International Convention
on Load Line (ICLL 66). Based on the technical assessments by means of
the model tests and analytical study, methods for the revision of three
focused matters in SLF 47 are proposed.

Action to be taken: Paragraph 12

Related documents: SLF 47/11/2, SLF 47/17, SLF 47/INF.12, SLF 48/INF.8 and MSC 76/23

INTRODUCTION

1 With regard to the future revision on the ICLL 66, the Maritime Safety Committee
identified nine matters at its seventy-sixth session (MSC 76/23, paragraph 12.24). Based on
these matters, Sub-Committee considered the issues further and agreed to focus on following
three priorities:

1 revision of the freeboard tables;
2 ships with reduced freeboards; and
3 corrections for sheer and superstructures.

2 Japan verified the objectives of the ICLL 66 (SLF 47/11/2 and SLF 47/INF.12). As a
result, it is confirmed that the main objective of the assignment freeboard is a limitation of deck
wetness. In ICLL 66, conditions to prevent the entry of water into the hull and to protect the
crew and deck fittings are provided under a certain probability of occurrence of deck wetness
since it is not rational to assign a freeboard not to occur deck wetness at all.

For reasons of economy, this document is printed in a limited number. Delegates are
1:\SLF\48\9-1.doc kindly asked to bring their copies to meetings and not to request additional copies.
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3 To provide an adequate freeboard and the conditions, the probability of occurrence of
deck wetness should be assessed. It is proper to assess the probability of occurrence of deck
wetness in terms of the related criteria of deck wetness, taking into account the difficulties to
verify the probability directly. Japan assessed the probability of occurrence of deck wetness by
means of model tests and an analytical study (SLF 48/INF.8). Based on conclusions in this
assessment, Japan proposed the methodology for the revision of the ICLL with regard to three
focused matters in SLF 47.

OBJECTIVES OF THE ICLL 66

4 According to the verification by Japan (SLF 47/11/2 and SLF 47/INF.12), objectives of
the ICLL were verified. Structure of the ICLL 66 and the ideal structure of the ICLL is shown in
Figure 1 and Figure 2. It is clearly confirmed that the main objective for the assignment of the
ICLL is a limitation of deck wetness.

5 It is found that the following two matters should be modified to achieve the ideal
of ICLL.
1 Introduction of a condition for the protection of deck fittings; and
2 Transfer of the requirement of damage stability to a general condition.
Conditions of Assignment Assignment of Freeboard Conditions of Assignment Assignment of Freeboard
of Freeboard of Freeboard
‘Prevention of the entry of Prevention of the entry of
water into hull G| dequate reserve buoyancy water into hull | -Adequate reserve buoyancy
Protection of the crew ‘Limitation of wetness on deck Protection of the crew ‘Limitation of wetness on deck

+ Adequate damage stability
[ (Type A and reduced freeboard)

General

General + Adequate structural strength of the hull

+ Adequate structural strength of the hull * Adequate intact stability

A

v + Adequate stability ¥ + Adequate damage stability
Assignment of Load Line Assignment of Load Line
Figure 1 Structure of the ICLL66 Figure 2 Ideal structure of the ICLL

REVISION OF THE FREEBOARD TABLES

6 Based on the results of the assessment (SLF 48/INF.8), it is clarified that the assigned
freeboard by the freeboard tables and corrections of ICLL 66 ensures the adequate safety in terms
of the limitation of deck wetness. It is also clarified that an adequate structural strength of the
hull is ensured. The reduced freeboard ship (B-60 type bulk carrier) used in the assessment
ensures not only the adequate structural strength of the hull, but also the adequate intact and
damage stability as a general condition.

7 It is not adequate to reduce the freeboard further because a freeboard has much effect on

the magnitude of impact pressure owing to the deck wetness. It is not also adequate to increase a
freeboard because the adequate safety is ensured in terms of the limitation of deck wetness.

[\SLF\48\9-1.doc
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8 In addition, the requirements in other regulations (e.g., intact stability, damage stability,
structural strength and so forth) are introduced under the consistency with the ICLL. It means
that the revision of the ICLL requires the revision of other regulations. It is concluded that the
revision of the freeboard table without compelling needs is not rational.

CORRECTIONS FOR SHEER AND SUPERSTRUCTURES

9 Standard sheer has no significant effect on the ship motion and wave loads. Freeboard by
means of freeboard tables and corrections limits deck wetness adequately without standard sheer
though a bow height has effect on the impact pressure owing to deck wetness. It is confirmed
that the contribution of standard sheer on the safety is not clear. With regard to the
superstructures, the same findings are reasoned in terms of the limitation of deck wetness. It is
concluded that there is some room for the modifications of the corrections for sheer and
superstructures.

SHIPS WITH REDUCED FREEBOARDS

10 Based on the results of the assessment (SLF 48/INF.8), the safety of ships with reduced
freeboards, which is assigned by the ICLL, was verified in terms of the objectives of the ICLL.
With regard to the ships with reduced freeboards, it is also concluded that the revision of the
reduced freeboards without a compelling need is not rational although there is some room for
modifications, except for freeboards (indicated in paragraph 5).

CONCLUSIONS
11 As discussed in the above paragraphs, the following conclusions have been derived:
A the assigned freeboard by means of the freeboard tables and corrections of the

ICLL 66 ensures adequate safety in terms of the limitation of deck wetness. The
revision of the freeboard tables without a compelling need is not rational;

2 without a standard sheer, a freeboard by means of freeboard tables and corrections
limits deck wetness adequately. There is some room for the modifications of the
corrections for sheer and superstructures; and

3 the revision of the reduced freeboards, which is assigned by the ICLL, without a
compelling need is not rational although there is some room for modifications,
except freeboards.

ACTION REQUESTED OF THE SUB-COMMITTEE

12 The Sub-Committee is invited to consider the above proposed conclusions, which are
indicated in paragraph 11, and take action as appropriate.

I\SLF\48\9-1.doc
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SUMMARY

Executive summary: This document provides an assessment of the safety level in terms of the
freeboard and the corrections in the 1966 International Convention on
Load Line (ICLL66). The effect of freeboard on a limitation of deck
wetness, which is a main purpose for assignment of a freeboard, was
assessed by means of the model tests and analytical study.

Action to be taken: Paragraph 3

Related documents: SLF 47/11/2, SLF 47/INF.12, SLF 47/17, SLF 48/9/1 and MSC 76/23

Introduction

1 With regard to the possible future revision on the ICLL 66, the Maritime Safety
Committee identified nine matters at its seventy-sixth session (MSC 76/23, paragraph 12.24).
Based on these matters, the Sub-Committee, at its forty-seventh session, considered and agreed to
focus on three matters (e.g. revision of the freeboard tables, ships with reduced freeboards and
corrections for sheer and superstructures) as a priority.

2 To examine the above three matters, Japan assessed the safety level in terms of freeboard
and corrections in the ICLL. The attached annex shows the results of the assessment. By means
of a series of model test and analytical study, the effect of the freeboard and standard sheer on the
ship response and the safety level in the ICLL were quantitatively assessed. As a result, some
findings are drawn.

Action requested of the Sub-Committee

3 The Sub-Committee is invited to note these findings and take action as appropriate.

skoksk

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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ANNEX

THE EFFECT OF FREEBOARD ON THE SEAKEEPING PERFORMANCE OF A SHIP

Yoshitaka Ogawa and Shigesuke Ishida
National Maritime Research Institute, Japan

INTRODUCTION

The assigned freeboard by the 1966 International
Convention on Load Lines (ICLL66) consists of a
tabular freeboard and corrections. The safety is
ensured in the ICLL66 by not only the assigned
freeboard but also the condition of assignment of the
freeboard. The assigned freeboard and the condition
of assignment of the freeboard are determined in
consistency with each other. Therefore, it is necessary
to verify the objectives and the safety level in terms
of the ICLL before considering of each matter.

Authors verified the objective of the ICLL66 by
reviewing the examination of the technical committee
for the ICLL66 [1]. As a result, it is clarified that the
main objective of the assignment of freeboard is the
limitation of deck wetness. In the ICLL66, conditions
to prevent the entry of water into the hull and to
protect the crew and deck fittings are provided under
a certain probability of occurrence of deck wetness
because it is not rational to assign a freeboard not to
occur deck wetness at all. To determine a freeboard
and such conditions, the probability of occurrence of
deck wetness must be assessed. However, it is
difficult to verify the validity of the probability of
occurrence of deck wetness quantitatively. It is proper
to assess the probability of occurrence of deck
wetness in terms of related criteria of deck wetness.

Based on this background, authors carried out a
series of free running model tests firstly by means of
three bulk carrier models. To examine the effect of a
freeboard and sheer on the ship response in waves,
three models are different only in the bow shape and
loading condition. In addition, the long-term
probability of wave loads, which is a part of premise
conditions of the assignment of freeboard, and impact
pressure owing to the deck wetness were estimated.
With regard to the ship with assigned freeboard (B-60
ship), it is clarified that wave loads and impact
pressure owing to deck wetness once in 25 years is
smaller than those in the existing criteria. It is
confirm that the safety level of bulk carrier with the
summer freeboard is adequate in terms of the ICLL. It
is also confirmed that there is a room for the
modification of standard sheer.

MODEL TESTS AND MEASURING
INSTRUMENTS
A series of free running tests in waves, by means
of the model of a cape-size bulk carrier, was carried
out to measure a ship response. The tests were
performed at the Square Basin (80m by 80m) of
National Maritime Research Institute of JAPAN.

IA\SLF48\INF-8.doc

Three models of cape-size bulk carrier were used
for the present study. Three ships are different in only
a bow shape and freeboard as follows.

(Base): A bulk carrier with the summer freeboard,
which is assigned by the freeboard table and
corrections. This is a real situation of this bulk carrier.

(Low freeboard): Draught is increased than the one
of “Base” bulk carrier. This is not complied with the
ICLL. In the actual situation, the increase of draught
means the increase of freight. Therefore, different
loading condition with “Base” bulk carrier was
assumed. As a result, draught, block coefficient (Cb)
and GM is different with them of “Base” bulk carrier.

(Standard sheer): A bulk carrier equipped standard
sheer except the corrections of standard sheer of the
“Base” bulk carrier. Draught, block coefficient (Cb)
and GM is same as them of “Base” bulk carrier.

Bow profile of the present ship is shown in Fig.1.

Tablel Principal Particulars

(Base® S andardSheer) Ship Model

L op(m) 2800 300
B(m) 4700 050
dim) 17.80 019
D(m) 24 100 026
Ch 0849 0849
GM 6. 860 0074
K _\1np 0 258 0 258
(1 ow Freeboard) Shio Madel

L op(m) 2800 300
B(m) 4700 050
dim) 21.00 023
D(m) 24 100 026
Ch 0 866 0 866
GM 6 640 0068
K M1op 0 258 0258

= = - Base

Standard Sheer

— = W.L. (Low freeboard)
— W.L. (Base&Standard sheer)

Fig. 1 Bow profile of the present ship

Model was ballasted to the correct draft, trim and
its longitudinal and transverse radius of gyration
before the test. The rudder of ship was controlled by
the auto pilot system to maintain correct heading
angle.
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Setup of measuring instruments in the present
experiments is shown in Fig.2. Impact pressures on
bow deck at S.S. 9 were measured by means of two
pressure gauges. Two pressure gauges were installed
5 meter (ship scale) right and left side from a center
line. The locations of pressure gauges on bow flare
are presented in Fig. 2.

In addition, ship motions, relative water height,
vertical acceleration and wave loads were also
measured. Ship motions were measured by means of
gyro and gyro accelerometer. Relative water height
was measured at stem, S.S. 9 1/2, S.S. 9, S.S. 8, S.S.
7, S.S. 5, S.S. 2 1/2 and A.P. by means of wave
probes. Vertical accelerations were measured at
S.S.91/2 and S.S. 7 by means of accelerometers.
Vertical and horizontal shearing force and bending
moment were measured by means of load cell at
S.S.7.

Pressure gauge

u/"- — | [ L | "x\\
& L O
N [ 4 /1: 3 -
Wave probe / 7
e Q; _ Gyro Load gell C /
i (N , -
| W
\\. . r—‘ //,* 13| I RGN
il l:t-i - e KIS I
s S A F
Accelerometer / :—':'""""J

Wave prnhc""{: )

AP SS1 852 ©83 854 585 SS6 887 888  S89 FP
Fig. 2 Setup of measuring instruments

A series of regular wave tests was carried out to
allow a comparison with analytical study. In addition,
tests in irregular waves were also carried out. In these
experiments, ship speed is defined as Sknots on the
premise that a ship navigates in the rough seas with
nominal and derivative speed loss. Experiment in
irregular waves was carried out in bow (135 deg.)
seas. With regard to the “Base” bulk -carrier,
experiment in the head (180 deg.) was also carried
out. The ISSC spectrum was used for wave spectrum
of irregular waves. Waves were lasted the equivalent
of about 4 hours in ship scale. The encounter waves
were about 1000 in number. Mean wave period and
significant wave height in ship scale were Ty,=13.1
seconds and H,;=10.1m respectively. It is severe
condition for the longitudinal ship motion, vertical
acceleration, relative water height at stem and impact
pressures.

EXPERIMENTAL RESULTS
Firstly, experimental data were compared with the
calculation by means of nonlinear time domain
program [2].

Vertical acceleration at S.S.91/2 in head and bow
seas with various wave heights is shown as a function
wave length ratio A/L (A: wave length, L: ship length)
in Fig.3 and Fig. 4 as an example of the present
verification. Fundamental frequency component was
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divided by L/gC (g: acceleration of gravity, {: wave
amplitude). It is found that wave height has much
effect on the amplitude of vertical acceleration.

It is found that a tendency of calculation with
regard to the wave height is similar to the
experiments although calculation at 12m wave height
at AL=1.0 is overestimated. It is verified that present
method, which takes account of time-varying
sectional hydrodynamic forces, gives good agreement
with measured data.

Secondly, the response amplitude operator (RAO)
of three bulk carriers in various wave heights is
compared to examine the effect of bow shape on ship
response in waves. Relative water height and vertical
shearing force as a function of wave slope H/A (H:
wave height) are shown in Fig.5 and Fig. 6 as an
example of this examination. It is found that response
amplitude operator (RAO) decrease as wave height
becomes large. It is confirmed that there is certain
nonlinearity on the amplitude of ship response. It is
also found that there is no significant difference
between the amplitude of “Base” and ‘“Standard
sheer”. On the other hand, it is verified that there is
certain difference between the amplitude of “Base”
and “Low freeboard”.

Vertical Acceleration (S.S.91/2, y=180°, Fn=0.049)

18 — Cal.(Hw=2.8m)
— +Cal.(Hw=5m)
16 = = Cal.(Hw=10m)
14 — +Cal.(Hw=12m)
® Exp.(Hw=2.8m) o \\.\
12 A Exp.(Hw=5m) he SALY
X Exp.(Hw=8m) /'/ ESN
5 10 m Exp.(Hw=10m) /2 - NS
3 + Exp.(Hw=12m) 4
s 8 "'-:.§
6 . =y
4 -—-
L
2

0 0.5 1 L5 2
ML

Fig. 3 Response amplitude operator (RAO) of
vertical acceleration (S.S. 91/2, Head seas,
Fn=0.049)

Vertical Acceleration (S.S.91/2, y=135°, Fn=0.049)

18 — Cal.(Hw=2.8m)
= +Cal.(Hw=5m)

16 | = = Cal.(Hw=10m)
— +Cal.(Hw=12m)

® Exp.(Hw=2.8m)
A Exp.(Hw=5m)

12| ¥ Exp.(Hw=8m)
m Exp.(Hw=10m)
¢ Exp.(Hw=12m)

8
6
s /
2
0

0 0.5 1 L5 2
WML

Fig. 4 Response amplitude operator (RAO) of
vertical acceleration (S.S. 91/2, Bow seas,
Fn=0.049)

In addition, probabilities of exceedance of three
bulk carriers are also compared. Probabilities of
exceedance of pitch, vertical bending moment and
relative water height are shown in Fig.7, Fig.8 and
Fig.9 respectively. Plus value of pitch and relative
water height indicates bow-up and upward



respectively. It is also found that the probability of
“Base” is not different with the probability of
“Standard sheer” but different with the probability of
“Low freeboard”.

Based on these comparisons, it is confirmed that
standard sheer has no significant effect on ship
motions and wave loads. It is also confirmed that
draft and loading condition as a result of changing
freeboard has much effect on ship motions and wave
loads.

With regard to the impact pressure owing to the
green sea, probability of exceedance of three bulk
carriers is also compared. Probability of exceedance
of the impact pressure owing to the green sea is
shown in Fig.10. It is found that the probability of
“Base” is different not only with the one of “Low
freeboard” but also with the one of “Standard sheer”.
Although the relative water height of “Base” is not
different with the one of “Standard sheer”, the height
of shipping water is quite different because of the
difference of the bow height. As a result, the
probability of the impact pressure of “Base” is
different with the probability of “Standard sheer”. It
is confirm that bow height has much effect on the
pressure owing to the deck wetness, which is one of
key factors of the assignment of freeboard.

R.W.L.(Stem, y=135, /L=1.0, Fn=0.049)

%)
e
©

o e

I —|@Base
A Low Freeboard
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a premise condition for the assignment of freeboard
was assessed. In addition, by means of a long-term
prediction of the impact pressure owing to the deck
wetness, the degree of prevention of deck wetness as
an assignment of freeboard was assessed.

In these calculations, ship speed is defined as
Sknots on the premise that a ship navigates in the
rough seas with nominal and deliberate speed loss.
Wave diagram of winter north Atlantic, which is the
same diagram as the one of IACS Recommendation
No.34, was used. Directional distribution of waves
was assumed as a distribution of the cosine square.
Encountering angle with waves is assumed to be
uniformly distributed.

Pitch (x=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)

35 4.5

0.1

O Base-Plus
® Base-Minus

A Low Freeboard-Plus

4 Low Freeboard-Minus
0 Standard Sheer-Plus

u Standard Sheer-Minus
[ [ [ [

Prob.

0.01

0.001

(deg)
Fig.7 Probability of exceedance of pitch in irregular
waves (Bow seas, Fn=0.049)

Vertical bending moment
(S.8.71/2, x=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)
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I
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0.035
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Fig. 5 The effect of wave height on relative water
height (Stem, Bow seas, Fn=0.049)
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Vertical Shearing Force(S.S.71/2, y=135, WL=1.0, Fn=0.049)
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Fig. 6 The effect of wave height on vertical
shearing force
Fn=0.049)

(S.8.7172,

Bow

ASSESSMENT OF THE SAFETY OF
FREEBOARD

By means of a long-term prediction of wave loads,
the safety level of structural strength of a ship hull as
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Fig.8 Probability of exceedance of vertical bending
moment in irregular waves (S.S.71/2, Bow
seas, Fn=0.049)

R.W.L(S.8.91/2, y=135°, Fn=0.049, H1/3=10.1m,T02=13.1sec)
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Fig.9 Probability of exceedance of relative water

height in irregular waves (S.S.91/2, Bow seas,
Fn=0.049)
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Pressure due to Green water(x=135°, Fn=0.049)
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Fig.10 Probability of exceedance of impact pressure
owing to deck wetness in irregular waves
(S.S.9, Bow seas, Fn=0.049)

With regard to the wave loads, firstly, a probability
density function of wave loads was examined.
Probability of exceedance of wave vertical bending
moment, which is one of the wave loads on the hull,
is shown in Fig.11 as an example of examination.
Rayleigh distributions by means of two kinds of
variance of wave vertical bending moment were also
shown in Fig.11. One is a measured variance in the
present experiment; another is calculated variance by
means of linear theory of ship motion (Strip method).
It is found that probability density function can be
approximated as a Rayleigh distribution. It is also
found that the effect of nonlinearity of ship motion,
which was indicated in previous examinations (Fig. 3,
Fig.4, Fig.5 and Fig.6), should be taken into account
for the accurate calculation of variance. However, the
calculation by means of the linear theory assesses
conservative wave loads. It is confirmed that the
linear theory overestimates probability in all
conditions of present experiments. Therefore,
variance by means of the linear theory (strip method)
was used for the input of long-term prediction in the
present study.

Vertical bending moment
(Base, S.8.71/2, y=180°, Fn=0.049, H1/3=10.1m,T02=13.1sec)

1 M I ; ; ,
0002 0.0003  0.0004 * ,o.obos 0.0LOG 0.0L07
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N ' .
Ny .| & VBM-minus
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. N = = UR-SII(Hogging)
€ AN ' ; ;
£ \ ' — Rayleigh(measured variance)
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'
) 1
0.001 \ — \
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Fig.11 Probability of exceedance of vertical
bending moment (Base, S.S.71/2, Head seas,
Fn=0.049)

A long-term probability of wave vertical bending
moment, which is one of the wave loads on the hull,
is shown in Fig.12 and Fig.13. As a result of using
the linear theory, the long-term probability of wave
vertical bending moment of “Base” is same as the
probability of “Standard sheer”. The wave vertical
bending moment of each direction of wave is also
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shown. For the assessment of the magnitude of it, a
threshold value of the IACS unified requirements S11
(UR-S11) is also shown. It is found that wave vertical
bending moment occurs once in 25 years (Q: about
10®) is smaller than the one of UR-S11 though the
probability was overestimated owing to the linear
theory. It is clarified that the structural strength of
ship is adequate for the draught, which corresponds to
the assigned freeboard.

To assess the probability of impact pressure owing
to deck wetness, long-term prediction of impact
pressure was carried out. Through the comparison
with the current criteria of impact pressure
(Regulation 16 of the New ICLL2005), safety level of
current freeboard was assessed.

With regard to the short-term prediction of impact
loads, authors had developed and wvalidated the
estimation method of probability of exceedance of
wave loads owing to deck wetness [3]. Based on the
relation between relative water height and wave loads
owing to deck wetness, a probability of exceedance
of impact loads owing to deck wetness P(F>FyH,T)
can be expressed as:

(r-Jape + 7

P\F>F,|HT)=exps—
( ol ) P 20',fapr

(1

where H is a significant wave height, 7 is a mean
wave period, fis a bow height, a is the coefficient for
describing an inflow breadth of shipping water, p is
the density of fluid, g is the acceleration of gravity, B
is the breadth of ship and o, is standard deviation of
relative water height at stem. The probability of
exceedance of water impact pressure of present bulk
carriers were calculated by means of this method.
Calculated probabilities were compared by the
measured probability in Fig.14, Fig.15, Fig.16 and
Fig.17. It is found that present method gives good
agreement with measured probability although small
magnitude of impact pressure of “Standard sheer” is
slightly underestimated. It is confirmed that present
method is adequate for the short-term prediction of
the impact pressure owing to deck wetness.

Long term prediction
(Wave vertical bending moment, S.8.71/2, Fn=0.05, Base& Standard Sheer)
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log;Q

Fig.12 Long term prediction of wave vertical
bending moment (Base & Standard sheer,
Fn=0.049)



Long term prediction
(Wave vertical bending moment, $.5.71/2, Fn=0.05, Low Freeboard)
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Fig.13 Long-term prediction of wave vertical
bending moment (Low freeboard, Fn=0.049)
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Fig.14 Probability of exceedance of impact pressure
owing to deck wetness (Base, Head seas,
Fn=0.049)
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Fig.15 Probability of exceedance of impact pressure
owing to deck wetness (Base, Bow seas,
Fn=0.049)
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Fig.16 Probability of exceedance of impact pressure
owing to deck wetness (Low freeboard, Bow
seas, Fn=0.049)
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Pressure due to Green water(Standard sheer, 3=135°, Fn=0.049)
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Fig.17 Probability of exceedance of impact pressure

owing to deck wetness (Standard sheer, Bow
seas, Fn=0.049)
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By means of these probability of exceedance, the
long-term probability P(F>F) can be evaluated as

P(F>F,)=] [P(F>F,|H,T) P(H,T)dHAT (2)

where P(H, T) is a probability of occurrence of waves.
Standard deviation of relative water height for the
input for the calculation of the probability of
exceedance of impact pressure is estimated by means
of the strip method (NSM), which overestimates the
probability in rough seas. Long-term probability of
impact loads owing to deck wetness is shown in
Fig.18. For the assessment of the magnitude of the
probability, the current criteria of the impact pressure
(Regulation 16 of the New ICLL2005) is also shown.
It is found that impact pressure of “Base” and
“Standard sheer” occurs once in 25 years (Q: about
10®) is smaller than the pressure defined in the
regulation 16 of the new ICLL2005. It is clarified that
the current assigned freeboard provides adequate
safety for the prevention of deck wetness. It is also
found that the standard sheer limits the occurrence of
deck wetness excessively. It is clarified that there are
many rooms for the modification of standard sheer in
the ICLL.

Long term prediction of pressure due to green sea
(Fn=0.049)

| —— Base 18
= Low Freeboard
1 — - Standard Sheer
i — +ICLL(2005)Reg.16
— +25 Years :

RN YU P A A

pressure due to green sea (mAq)

log-IUQ
Fig.18 Long-term prediction of impact pressure
owing to deck wetness (Fn=0.049)

CONCLUSIONS
By means of a series of model test and analytical
study, the effect of a freeboard and standard sheer on
the ship response in waves and the safety level in
terms of freeboard and sheer were quantitatively
assessed. As a result, following conclusions are
obtained.
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1. Draft and loading condition in terms of
changing freeboard have effects on the ship
response in waves.

2. Although standard sheer has no significant
effect on the ship motion and wave loads, its
height has effect on the impact pressure owing
to deck wetness.

3. Structural strength of ship is adequate for the
draught correspond to the assigned freeboard.

4. Probability of occurrence of deck wetness is
adequately limited by means of freeboard tables
and corrections in the ICLL66. It is verified
quantitatively in terms of impact pressure owing
to deck wetness, which is a most important
factor for the assignment of freeboard.

5. Deck wetness is limited adequately by means of
freeboard tables and corrections except a
standard sheer. It is clarified that there are some
rooms for the modification of a standard sheer in
the ICLL.
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