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DS-O
GM
26m/s GM
10 -4
4.1:
L 254m Length bfetween
perpendiculars
B 32.25m Breadth
T 7.80m Draft
\Y 42410m* Volume
Block Coefficient
Cp 0.650 (based on Lyy)
KM 17.891m Vertical Position of
Metacentre
BM 13.487m Metacentric Radius
Pas 12deg Deck Submergence Angle
P 49deg | Progressive Flooding Angle
H 8.5E-3s" | Linear Damping Coefficient
a1 Quadratic Damping
P 0.385rad Coefficient
r 0777 Assumed Effective Wave
Slope
o x10° LP$254 - Wind heeling moment for Vwmd=26m!s
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Capsizing Probability for GM = 1.480 m and Time Exposure 1 Hour
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P(N,)=B(p,N.,N)=C(N,N,)p"(1-p)* ™ (43.1)
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Capsizing probability
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EXP.N0.103 (L.C.W 1 H1/3=0.221 TO01=1.32 X=180 50)
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Kusuap Ayjiqeqoud
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1.6 Fn=0.1
0.02 20 0.05
0.07
0.07 32
20
5.13
Items Present Ship  Ship model
length : Ly, 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
draught at AP : T, 14.0m 0.14m
block coefficient : Cy, 0.630 0.630
pitch radius of gyration : &y/Lpp 0.239 0.258
longitudinal position of centre of] 5.74m 0.0574m
gravity from the midship : Xcg aft aft
metacentric height : GM 1.08m 0.0106m
natural roll period : T p 303s. 3.20s
Natural pitch period: Ty 0.86's
head seas
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wave steepness
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0.22m 1.71s
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—@— reqular wave

A —A— long-crested wave
E D N N
N NI —& — short-crested wave
. Tl (cos to the 4th
N - power)
N
0 90— A —4A 9 ‘ - 4 - short-crested wave
0 0.05 01 0.15 0.2 0.25 03 (COS to the 2nd
Froude number power)
5.1.9
5.14
1) 11 20
2)
3)
15
4) 15 +45
5)

Belenky, V.L. et al.: Probabilistic Analysis of Roll Parametric Resonance in Head Seas, Proceedings of the 8"

International Conference on Stability of Ships and Ocean Vehicles, 2003.
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2002 IS
2007
80m
52.1
1
1/76.7 52.1
GM
52.1
Lpp(m) 283.8 3.70
B(m) 42.8 0.558
D(m) 24.4 0.318
d(m) 14.0 0.183
V(m) 106,970 0.237
Cb 0.629 0.629
GM(m) 1.06 0.014
Ty (sec.) 30.26 3.46

5.2.1
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2
Stem S.S.5 weather side
S.S. 8
3
Toz His
52.2
ISSC
T()z Tp(:1 408T02)
1.2 Tgp=1.20s 1.6 Tgp=1.38s 2.0 Ty=1.55s
1.38
4.9cm 3.8m 20cm
5.2.3
150 180 135
12kt
Vms
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a b
0.078 0.014
0.050 0.001
523
H, /5 (cm)
T (sec)| 49 8.0 10.2 12.3 20.0
1.09 o
1.20 o
1.38 ) o o o
1.55 o
522
1
523 524
523 T02:1.38S H1/3:10.2CI’1’1
=180< Vms=0.446m/s Fns=0.07
70 120
2
13 S.S.8
0.3G
524 Tp=120s H;5=123cm X=150= Vms=0.669m/s Fns=0.11
110 120
2
T02 H1/3 Vms
4
52.5 Fns=0.07 X=180<
X=150< 52.6 Fns=0.11
T02 H1/3
[ J 524 =<
A
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X 150<
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5.2.7 To>=1.38s

Fns
52.8 T02:1.385 H1/3:12.3CI’1’1
X Fns
135<= 150<
3
@»H 6
3
529 Fns=0.07 Hy;s=12.3cm
Toz X=180< X=150°
® A >
529 Tpo=1.20s
T, A, AYL=12
5.2.5
T02:1.09S H1/3:12.3CI’1’1 =
5.2.9 Tp=1.09s
5.2.10 Fns=0.11 Tpo=1.38s
His
5.2.10
X=180< 40 20
S.S.5 28
5.2.11 T02:1.385 H1/3:12.3cm
Fns
1/2 1.73
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X=150=

H1/3:200m



5.2.11 9.4m

5.2.12 Fns=0.11 To=1.38s H;s=12.3cm

X=165< 5.2.12

X=180< X 135< 165<

A
e > o
2
523
80m
X 135 165< X
=180<
3

(1) Dallinga, R.P. et al: “Excessive Rolling of Cruise Ships in Head and Following Waves”, Proceedings of
RINA International Conference on Ship Motions & Manoeuvrability, London (1998).

(2) France, W.L. et al: “An Investigation of Head-Sea Parametric Rolling and Its Influence on Container Lashing
Systems”, Marine Technology, 40(1) (2003).

(3) Bulian, G. et al: “On the Nonlinear Modeling of Parametric Rolling in regular and Irregular Waves”,

Proceedings of the 8th International Conference on the Stability of Ships and Ocean Vehicles, Madrid (2003).
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Roll (deg)

Surge_Acc (g) Yaw (deg.) Pitch (deg.)

Sway_Acc (g)
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Roll (deg)

Pitch (deg.)

Surge_Acc (g) Yaw (deg.)

Sway_Acc (g)

(g)
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Lateral_Acc (g)

1546. exp. k3
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AE aft end

a,,a,,a, constant coefficients of average of variation of roll restoring moment
b,,b,,b, constant coefficients of amplitude of variation of roll restoring moment
C,,C, constant coefficients of restoring moment in calm water

d mean draught

FE fore end

Fn Froude number

GZ righting arm

GM metacentric height

g gravitational acceleration

h wave height

Iy moment of inertia in roll

J added moment if inertia in yaw

Kp linear roll damping coefficient

Kppp cubic roll damping coefficient

k wave number

M, two-dimensional added mass coefficient in heave

Mg two-dimensional added mass coefficient in sway

Mg, two-dimensional added mass coefficient from heave to sway
\/ . two-dimensional added mass coefficient from heave to roll
M s two-dimensional added mass coefficient from sway to roll
¥ two-dimensional damping coefficient in heave

N, two-dimensional damping coefficient in sway

N, two-dimensional damping coefficient from heave to sway
Ney two-dimensional damping coefficient from heave to roll

N rs two-dimensional damping coefficient from sway to roll

Ys water line position on the starboard in the y direction

Yo water line position on the port in the y direction

A wave amplitude

&e longitudinal position of centre of gravity from wave trough
Yol water density

@ roll angle

x heading angle

w wave frequency

W, encounter frequency
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47th session
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REVIEW OF THE INTACT STABILITY CODE
Proposal on revision of the weather criterion

Submitted by Italy and Japan

SUMMARY

Executive summary: This document presents a proposal to revise the weather criterion of the
Intact Stability (IS) Code for allowing the use of model experiments.

Action to be taken:  Paragraph 4

Related documents: SLF 45/14, SLF 46/16, resolutions A.749(18) and MSC.75(69)

INTRODUCTION

1 Regarding the revision of the weather criterion, SLF 46 decided to concentrate efforts on
the establishment of interim provisions, such as guidelines, for model experiments and full-scale
trials.

PROPOSAL

2 Responding to the above, Italy and Japan herewith submit a proposal for the revision of
the weather criterion, section 3.2 of the IS Code, as set out in the annex, for allowing the use of
model experiments. The guidelines referred to in this proposal will be submitted as separate
documents.

3 Italy and Japan understand that the weather criterion aims at guaranteeing survival of a
ship totally losing its propulsive and manoeuvring abilities (e.g. a dead ship condition). This is
the reason why the weather criterion assumes that a ship is subjected to beam wind and wave
without forward velocity. The current revision opens a door to rationally extend its applicability
beyond the ship database used for developing the original weather criterion.

ACTION REQUESTED OF THE SUB-COMMITTEE

4 The Sub-Committee is invited to consider the above proposal and take action as
appropriate.

koksk

For reasons of economy, this document is printed in a limited number. Delegates are
1:\SLF\47\6-16.doc kindly asked to bring their copies to meetings and not to request additional copies.
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ANNEX

PROPOSAL FOR REVISION OF THE WEATHER CRITERION,
SECTION 3.2 OF THE INTACT STABILITY CODE

3.2 Severe wind and rolling criterion (weather criterion)

3.2.1 Scope

This criterion supplements the stability criteria given in section 3.1. The more stringent criteria
of section 3.1 given above and the weather criterion should govern the minimum requirements
for passenger or cargo ships of 24 m in length and over.

3.2.2 Recommended weather criterion

3.2.2.1 The ability of a ship to withstand the combined effects of beam wind and rolling should
be demonstrated for each standard condition of loading, with reference to figure 3.2.2.1, as

follows:

1 the ship is subjected to a steady wind pressure acting perpendicular to the ship’s
centreline which results in a steady wind heeling lever (ly;);

2 from the resultant angle of equilibrium (0y), the ship is assumed to roll owing to
wave action to an angle of roll (0;) to windward. Attention should be paid to the

effect of steady wind so that excessive resultant angles of heel are avoided';

3 the ship is then subjected to a gust wind pressure which results in a gust wind
heeling lever (ly2);

4 under these circumstances, area b should be equal to or greater than area a; and

5 free surface effects (section 3.3) should be accounted for in the standard
conditions of loading as set out in section 3.5.

! The angle of heel under action of steady wind (0,) should not exceed a certain angle to the satisfaction of

the Administration. As a guide, 16° or 80% of the angle of deck edge immersion, whichever is less, is
suggested.

[\SLF\47\6-16.doc
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Lever

Gz
b
| oy /e

62 8

Angle of heel

94010

Figure 3.2.2.1 - Severe wind and rolling

The angles in figure 3.2.2.1 are defined as follows:

09 = angle of heel under action of steady wind (see 3.2.2.1.2 and footnote)

0, = angle of roll to windward due to wave action

0, = angle of downflooding (0y) or 50° or 6., whichever is less, where:

O = angle of heel at which openings in the hull, super-structures or deck-houses which
cannot be closed weathertight immerse. In applying this criterion, small openings
through which progressive flooding cannot take place need not be considered as
open.

0. = angle of second intercept between wind heeling lever (ly,) and GZ curves.

3.2.2.2 The wind heeling levers (ly;) and (ly,) referred to in 3.2.2.1.1 and 3.2.2.1.3 are constant
values at all angles of inclination and should be calculated as follows:

i = _PAZ (m);and
1000gA

1w2 = 1.5 lwl (m)

where:
P = wind pressure of 504 Pa. The value of P used for ships in restricted service may be
reduced, subject to the approval of the Administration;
A = projected lateral area of the portion of the ship and deck cargo above the waterline

(m);

[\SLF\47\6-16.doc
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Z = vertical distance from the centre of A to the centre of the underwater lateral area
or approximately to a point at one half the mean draught (m);

A = displacement (t);

g = gravitational acceleration of 9.81 m/s”.

3.2.2.3 The wind heeling lever (ly;) derived from wind-tunnel tests and towing-tank tests on a
representative model of the subject ship may be considered as alternatives to the method given in
3.2.2.2. Here the wind velocity used in the tests should be 26 m/s in full scale and all the
procedure should be based on the method described in annex 4. For ships in restricted service the
wind velocity may be reduced, subject to the approval of the Administration.

3.2.2.4 The angle of roll (8,) referred to in 3.2.2.1.2 should be calculated as follows:

04 109k X X, Jrs (degrees)

where:
X; = factor as shown in table 3.2.2.4-1
X, = factor as shown in table 3.2.2.4-2
k = factor as follows:
k = 1.0 for a round-bilged ship having no bilge or bar keels

k 0.7 for a ship having sharp bilges
k = asshown in table 3.2.2.4-3 for a ship having bilge keels, a bar keel or both

r = 0.73 £ 0.6 0G/d
with:

OG= distance between the centre of gravity and the waterline (m) (+ if the centre of
gravity is above the waterline, - if it is below)

d = mean moulded draught of the ship (m)

s = factor as shown in table 3.2.2.4-4

The angle of roll for ships with anti-rolling devices should be determined without taking into account the
operation of these devices unless the Administration is satisfied with the proof that the devices are effective
even with sudden shutdown of their supplied power.
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Table 3.2.2.4-1 - Values of factor X

B/d X,
<24 1.0
25 0.98
2.6 0.96
2.7 0.95
2.8 0.93
2.9 0.91
3.0 0.90
3.1 0.88
3.2 0.86
3.4 0.82
>3.5 0.80

Table 3.2.2.4-2 - Values of factor X

CB X2
<0.45 0.75
0.50 0.82
0.55 0.89
0.60 0.95
0.65 0.97
>0.70 1.0

Table 3.2.2.4-3 - Values of factor k

4, x100 K
LxB
0 1.0
1.0 0.98
1.5 0.95
2.0 0.88
2.5 0.79
3.0 0.74
3.5 0.72

>4.0 0.70
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Table 3.2.2.4-4 - Values of factor s

T S
<6 0.100
7 0.098
8 0.093
12 0.065
14 0.053
16 0.044
18 0.038
20 0.032
22 0.028
24 0.025
26 0.023
28 0.021
230 0.020

(Intermediate values in these tables should be obtained by linear interpolation)

. . 2CB
Rolling period T = Jont (s)

where:
C = 0.373 +0.023(B/d)—0.043(L/100).
The symbols in the above tables and formula for the rolling period are defined as follows:
L = length of the ship at waterline (m)
B = moulded breadth of the ship (m)
d = mean moulded draught of the ship (m)
Cg = block coefficient

Ax = total overall area of bilge keels, or area of the lateralprojection of the bar keel, or
sum of these areas (m?)

GM = metacentric height corrected for free surface effect (m).
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3.2.2.5 The tables and formulae described in 3.2.2.4 are based on data from ships having:
.1 B/d smaller than 3.5;
2 OG/d between -0.3 and 0.5; and
3 T smaller than 20 seconds.

For ships with parameters outside of the above the angle of roll (0;) may be determined with
model experiments of a subject ship with the procedure described in annex 5 as the alternative.
For these ships, the roll period may be also estimated by means of calculations concerning ship
mass distribution, with support of a potential flow calculation method for estimation of added
inertia. These calculation procedures should be approved by the Administration. In addition, the
Administration may apply such alternative estimations to ships having non-conventional hull
forms.

Annex 4 Guidelines for a standard model test procedure to determine the steady wind
heeling lever (to be developed)

Annex S Guidelines for a standard procedure to determine the angle of roll due to waves
with model tests (to be developed)
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REVIEW OF THE INTACT STABILITY CODE
Proposal to amend the application of the containerships criteria in the IS Code
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SUMMARY

Executive summary: This document presents a proposal to amend the application of the
criteria for containerships greater than 100 m in length in the IS Code.

Action to be taken: Paragraph 8

Related documents:  SLF 46/6/13, SLF 46/WP.1/Rev.1, SLF 30/4, SLF 30/34 and
SLF 35/3/3

INTRODUCTION

1 At the forty-sixth session of the Sub-Committee, Japan and the Republic of Korea
proposed to delete the criteria for containerships greater than 100 m in length, section 4.9 of the
IS Code, on the basis that the application of the criteria is not feasible for modern containerships’
design and operation (SLF 46/6/13). The IS Working Group considered the proposal and agreed
to defer consideration on this matter to a future session as one of the long-term tasks in the plan
of action (SLF 46/WP.1/Rev.1, paragraphs 17 and 18). Regarding this outcome, the delegations
of Japan, the Republic of Korea and China expressed their view that there was urgent need for
action on this matter for large containerships (SLF 46/WP.1/Rev.1, paragraph 19).

CONTAINERSHIPS CRITERIA

2 In the containerships criteria, the form factor concept is introduced to take individual hull
form characteristics relating to safety against capsizing into account. Moreover, for assessment
of stability six parameters are defined with the area under the righting lever curve (GZ curve) and
the righting lever itself. And as the criteria the stability parameters, multiplied with the form
factor “C”, are required not to be less than the limiting values.

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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3 The containerships criteria have been developed based on the documents SLF 30/4 and
SLF 30/34, which were discussed at the thirtieth session of the Sub-Committee held in 1985.
According to SLF 30/4, the form factor was derived from the tank test results with four models
representing the existing ships from 135 m to about 200 m in length, while the limiting values of
the stability parameters were derived based on the statistical analysis of data from 143 ships in
service at the time. The lengths of ships used in the analysis range from about 60 m to about
200 m (SLF 30/34, Figure 11). And a part of tank test results was confirmed in a co-operation
research programme between Japan and Germany.

4 Until finalized at the thirty-seventh session of the Sub-Committee, only slight
amendments had been made to the draft criteria based on the tank test results with three
additional models (SLF 35/3/3). However, the form factor and the limiting values of stability
parameters have not been reviewed with data of ships greater than 200 m in length so far. This
means that the validity of applying the criteria to modern containerships greater than 200 m in
length still has not been proven.

5 The form factor C, calculated using the formula defined in subsection 4.9.2.6 of the Code,
decreases monotonously with increasing length of the ship and consequently the requirements
become more stringent for larger ships. On the other hand, from the early nineties the size of
containerships has increased dramatically and the proportion of ships greater than 200 m in
length occupied in the world’s fleet has grown up rapidly.

PROPOSAL TO AMEND APPLICATION OF CONTAINERSHIPS CRITERIA

6 From the above consideration, Japan is of opinion that until the long-term task on
containerships criteria is accomplished, as an interim measure, an explanatory note for requesting

special care for ships of 200 m and over in length should be added.

7 Therefore, Japan proposes to amend the provision on the application of the existing
containerships criteria, section 4.9.1 of the IS Code, as set out in the annex.

ACTION REQUESTED OF THE SUB-COMMITTEE

8 The Sub-Committee is invited to consider the above proposal and take action as
appropriate.

koksk
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PROPOSAL TO AMEND THE PROVISION ON THE APPLICATION OF THE

EXISTING CONTAINERSHIPS CRITERIA, SECTION 4.9.1 OF THE IS CODE
Amend paragraph 4.9.1 of the existing IS Code as follows:
4.9  Containerships greater than 100 m in length
4.9.1 Application
These requirements apply to containerships greater than 100 m in length, as defined in 1.3.13.
They may also be applied to other cargo ships in this length range with considerable flare or
large waterplane areas. The Administration may apply the following criteria instead of those in
paragraphs 3.1.2.1 to 3.1.2.4. Since the criteria in this section were empirically developed with

the data of containerships less than 200 m in length, they should be applied to ships beyond
such limits with special care.
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Proposal of Guidelines for a standard model test procedure
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SUMMARY

Executive summary:  This document provides draft standard guidelines for model tests to
determine the steady wind heeling lever / for the weather criterion of

the Intact Stability (IS) Code as an alternative.
Action to be taken: Paragraph 4

Related documents:  SLF 46/6/14, SLF 46/16, SLF 47/6/16, resolutions A.749(18) and
MSC.75(69)

INTRODUCTION

1 Regarding the revision of the weather criterion, SLF 46 decided to concentrate efforts on
the establishment of interim provisions, such as guidelines, for model experiments and full-scale
trials. Responding to the above, Italy and Japan submitted a proposal of revision of the weather
criterion, section 3.2 of the IS Code, in a separate document. Since this revision requires
guidelines for model tests as annex of the Code, Italy and Japan table draft guidelines for a
standard model test procedure to determine the steady wind heeling lever /, for the weather

criterion.
PROPOSAL

2 Italy and Japan understand that the current weather criterion can lead to unrealistic
predictions of the heeling/rolling behaviour under the combined action of wind and waves for
certain ship types, mainly those not existing when the weather criterion was developed. This is
mainly because some coefficients are requested to be estimated with empirical formulae or tables.
On the other hand, it is not so easy to revise these empirical methods by keeping the safety level
of the conventional ships. Therefore, it is desirable to keep the framework of the weather
criterion while allowing experimental determination of coefficients to extend as much as possible
applicability to new ship types.

IASLF\47\6-18.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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3 Considering the above, Italy and Japan herewith propose a standard procedure for model
tests, as set out in the annex, by following the experimental procedures used during the
development stage of the current weather criterion.

ACTION REQUESTED OF THE SUB-COMMITTEE

4 The Sub-Committee is invited to consider the above proposal and take action as
appropriate.

*k%*
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DRAFT GUIDELINES FOR A STANDARD MODEL TEST PROCEDURE
TO DETERMINE THE STEADY WIND HEELING LEVER

1 Introduction

1.1 The purpose of these guidelines is to ensure uniform applicability of model tests for the
determination of the steady wind heeling lever /,  which is one of the important variables in the

weather criterion in the Intact Stability Code. It is allowed by this procedure to consider the
steady wind heeling lever as a function of the heeling angle.

1.2 The standard model test procedure consists of two parts. Part A is a procedure for
estimating the heeling lever due to steady wind in a wind tunnel. A blower may be used as an
alternative as long as the uniformity of wind speed is comparable. Part B is for estimating the
heeling lever due to steady drifting in a towing tank.

2 Ship model

2.1 General

In Parts A and B the models should comply with the followings:

A overall length should be at least 1.5 m; and

2 all sharp corners in the actual ship should be sharp in the model to simulate
separated flow.

2.2 Ship model used in wind (Part A)

The model should copy the above-waterline shape of the actual ship. The model should comply
with the following:

1 main fittings on the exposed decks and superstructures (e.g. cranes, masts,
bulwarks) should be modelled and fitted properly;

2 the size of the model should be determined to make the blockage ratio to the wind
tunnel less than 5%; and

3 when a blower is used, the ship should be within the area of uniform wind speed.
23 Ship model used for drifting (Part B)

The model should copy the under-waterline shape of the actual ship. The model should comply
with the following:

B! the size of the model should be determined in relation to the size of the tank used;
and
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2 not only underwater fittings (e.g. bilge keels, rudders), but also potential
underwater part when the ship heels, e.g. bulwarks, freeing ports, should be
modelled and fitted properly.

3 Wind characteristics (Part A)
The wind speed should comply with the following:

A the minimum wind speed to perform reliable tests should be over the critical
Reynolds’ number and should be obtained by means of the following procedure: a
preliminary series of measurements of the drag coefficient is carried out at
different increasing wind speeds until a constant value is obtained,

2 the wind speed profile should be as uniform as reasonably possible. Except for the
boundary layer in the vicinity of the end plate (figure 1), spatial deviation of the
wind speed should be less than 1%. If the measured wind profile substantially
differs from that value, care should be taken in correcting the results from
experiments; and

3 in order to make the effect of the end plate minimized the shape, size and
roughness of the plate should be considered.

4 Test procedure

4.1 General

4.1.1  The steady wind heeling lever /, is assumed to be estimated with equation (1).

M F .
w :szﬁm(lwmd +lwater) (1)

where M, is the heeling moment when a ship is drifting laterally due to beam steady wind, W is
the displacement of the ship and F),;,, is lateral wind force. /4 is the above-water height of the
centre of wind force and /4., is the under-water depth of the centre of drifting force, which is
assumed to be the same as Fi,4.

4.1.2 F,q has a relation of equation (2) with the drag coefficient Cp, .
F,, %chuzA )

Wi

where p is the air density, U is the wind speed and A4 is the exposed projected lateral area of the
ship to wind. Cp and /,,;,4 are to be estimated in Part A, while /,,4., in Part B.

4.2 Test procedure in wind (Part A)

4.2.1 Cp and /g should be estimated from the lateral force and heeling moment measured by
a wind tunnel test or in wind from a blower. Model tests should be carried out as follows:
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.1 before tests are carried out, the vertical and horizontal distribution of the wind
speed at the model position should be verified;
2 the ship model attached with an end plate and a load cell should be placed at the
appropriate position (figure 1);
3 the model should be subjected to uniform wind and the wind direction should be
right angle to the longitudinal direction of the model;
4 tests should be carried out in upright condition, and at some heel angles with

appropriate increment to lee side. Extension of tests to wind side (to include the
range 6-6;) is also recommended;

5 in heeled conditions the model shape exposed to wind should be the same as the
above-water shape when the ship is floating freely; and

.6 in general, a vertical force on the ship could arise due to wind action. If the effect
of the vertical force component is estimated to be non negligible, it should be
properly accounted in the calculation of the model attitude (sinkage and trim) at
the tests and of the heeling moment due to wind.

422 Cp and /s can be estimated from the upright condition only and treated to be constant
in the evaluation of weather criterion.

4.3 Test procedure for drifting (Part B)

lywater should be determined from the lateral force and heeling moment in towing tank tests. When
drifting in lateral direction, the centre of the hydrodynamic reaction due to drift speed might be
located above the waterline or below the bottom due to pressure distribution on the bottom. The
upright condition test usually does not give the severest evaluation for /4. Model tests should
be carried out as follows:

A the ship model should be attached to a guidance system, which allows the model’s
free sinkage and trim (figure 2);

2 towing direction is to be at right angle to the longitudinal direction of the model;

3 the towing speed should ensure that the measured lateral force is equal to Fyug
calculated by equation (2) using the measured drag coefficient in Part A and
assumed wind speed in the weather criterion; and

4 tests should be carried out for some heel angles with appropriate increment from

upright condition to at least 20 degrees to the side of drifting. Extension of tests
to the opposite side (to include the range 6)-6)) is also recommended.

[\SLF\47\6-18.doc



BT EL.

SLF 47/6/18
ANNEX
Page 4

5 Estimation of the steady wind heeling lever

The steady wind heeling lever /, is evaluated with equation (1) and (2) as a function of the

heeling angle. In Part A, if the maximum angles of heel in the test are too small for evaluating
weather criterion, /,,;,s should be assumed to keep the value at the maximum heeling angle for the
greater angle. If the heeled tests for the wind side are not carried out, /,,s should be assumed to
have the same value as the upright condition. In Part B, the same assumption on /4. should be
used at heeling angles out of test range.

- e Modea Ship End Plate

Load
Cell

Figure 1 - An arrangement for tests in wind

' heave

—=— |nad cell

ship model

Figure 2 - An arrangement for drifting tests
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SUMMARY

Executive summary: This document provides draft standard guidelines for model tests to
determine the roll angle for the weather criterion of the Intact Stability
(IS) Code as an alternative.

Action to be taken: Paragraph 4

Related documents:  SLF 46/6/14, SLF 46/16, SLF 47/6/16, resolutions A.749(18) and
MSC.75(69)

INTRODUCTION

1 Regarding the revision of the weather criterion, SLF 46 decided to concentrate efforts on
the establishment of interim provisions, such as guidelines, for model experiments and full-scale
trials. Responding to the above, Italy and Japan submit a proposal of revision of the weather
criterion, section 3.2 of the IS Code, in a separate document. Since this revision requires
guidelines for model tests as annex of the Code, Japan tables draft standard guidelines for model
tests to determine the roll angle for the weather criterion.

PROPOSAL

2 Japan understands that the current weather criterion can lead to unrealistic predictions of
the rolling behaviour in waves for certain ship types, mainly those not existing when the weather
criterion was developed. This is mainly because some coefficients are requested to be estimated
with empirical formulae or tables. On the other hand, it is not so easy to revise these empirical
methods by keeping the safety level of conventional ships. Therefore, it is desirable to keep the
framework of the weather criterion while allowing experimental determination of coefficients to
extend as much as possible its applicability to new ship types.

3 Considering the above, Japan herewith proposes a standard procedure for determining the
roll angle due to waves by following the experimental procedures used during the development
stage of the current weather criterion, as shown in the annex.

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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ACTION REQUESTED OF THE SUB-COMMITTEE

4 The Sub-Committee is invited to consider the above proposal and take action as
appropriate.

skksk
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DRAFT GUIDELINES FOR A STANDARD PROCEDURE TO DETERMINE THE
ANGLE OF ROLL DUE TO WAVES WITH MODEL TESTS

1 Introduction

The purpose of these guidelines is to ensure uniformity in model tests for determination of the

angle of roll, 0;, in the weather criterion of the Intact Stability Code as an alternative to the
formula shown in 3.2.2.1 of the Code as amended by document SLF 47/6/16.

2 Ship model
2.1 Construction

The model should be built to geometrically scaled up to the upper weather deck, including fore
castle and bulwarks, and be sufficiently rigid with a smooth finish. To avoid scale effect on roll
damping, its overall length should be at least 2.5 m for a ship with bilge keels or with sharp
bilges. For other ships, their overall length should be at least [4] m. Appendages relating to roll
motion, such as bilge keels, should be fitted as they are in full scale, but dynamically-controlled
devices, such as fin stabilizers, should be fixed without control. Superstructures that do not
submerge during the tests described below can be omitted.

2.2 Ballasting

The model should be ballasted to the specified displacement and trim angle. Weights should be
adjusted to achieve the position of the centre of gravity and radius of gyration in transverse
direction corresponding to these data on the subject ship. Inclining test and free roll test with this
model should be carried out to confirm that the metacentric height (GM) and the natural roll
period (7) of the model are equal to those of the subject ship within £2% error. It is
recommended to carry out the tests described below also with some different values of 7" and
GM. Then it is possible to interpolate the results for the case of the exact set of 7and GM, which
can only be available after the hull construction.

3 Model basin and instrumentation

3.1 An indoor model basin having a wave maker, a wave absorbing beach and a towing
carriage should be used. The depth of the basin should be larger than half of the wave length
used in the tests. The breadth of the basin should be larger than the sum of the model overall
length and 2 m. The wave maker should be capable to generate stable and periodic waves for the
range used in the test described below with digitally stored signals, which can guarantee
repeatability of wave generation.

3.2 The instrumentation should be provided to measure wave elevation and roll angle as time
histories at sufficient sampling frequency (Hz), which is at least 20 divided by 7(s). For
measuring the wave elevation, the disturbance due to the probe should be minimum. For
measuring the roll angle, optical sensors, a gyroscope or equivalent should be used. The period T’
should be inside the effective frequency range of a wave probe and a roll sensor.
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4 Test procedure
4.1 Roll decay tests

4.1.1 In the model basin, a roll decay test of the scaled model in calm water should be carried
out. The model is initially inclined up to a certain heel angle. This initial angle should be more
than about 25 degrees. If the mean roll angle of the initial angle and the next peak angle is
smaller than 20 degrees, the initial angle should be increased to obtain the mean angle of
20 degrees or over. When the initial roll angle is given to the model, additional sinkage and trim
should be minimum. The model should be released from an initial angle with zero roll angular
velocity at initial stage. During this test, no disturbance including waves propagating in the
longitudinal direction of the basin and reflected by its end should be given to the model. More
than four times of tests with different initial angles are required at least. If the roll damping is
very large, the number of the tests should be increased to obtain sufficient number of peaks of the
roll angle. Recording the roll time history should start before the release of the model to confirm
that no angular velocity is provided when releasing and continue until the rolling angle is smaller
than 0.5 degrees. This eventually requires that the length of the basin should be sufficiently
large.

4.1.2 The mean roll angle (6,) of and the difference (06 ) between successive peaks of roll in
the record are analysed and are tabulated. Bertin’s extinction coefficient (N) at each 6, is
obtained by dividing (06) (degrees) by the square of 6, (degrees) at corresponding 6,. It should
be noted that N depends on roll amplitude as N(6). Alternatively, a forced roll test may be used
to determine this coefficient by using an internal or external roll motion generator. The former
requires measurement of roll angles and the latter does that of roll moment. It is requested to
confirm that N obtained by the used procedure of the forced roll test agrees with N obtained by
the roll decay test specified the above within practical accuracy at least two sets of 7 and GM.

4.2 Wave measurements

Without the ship model, a periodic wave should be generated in the model basin. Here the signal
for the wave maker should be sinusoidal and its period should be equal to the measured roll
natural period of the model, 7(s). The wave elevation should be measured at a wave probe at
more than three locations along the length of the basin, spanning the drift range of the model.
When the measured (double) amplitude of the wave elevation converges to a certain value, this
value should be regarded as the steady wave height, H (metres). Variations in wave height and
wave period should be within £5% among the different measured positions but with the same
signal. The wave length, 4, can be calculated as follows:

_gr
_27r

A (1)

where g indicates the gravitational acceleration of 9.81 (m/s). The wave steepness given by H/A
should exist between 1/50 and 1/20.
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4.3 Roll test in beam waves

4.3.1 In the model basin, the ship model should be positioned to be normal to the direction of
the waves. The heading angle of the model is fixed with a guide attached to the towing carriage
by keeping the sway-heave-roll motion free from restraints as shown in figure 1. Here the
towing carriage should trace the drift motion of the model and draught, GM and T should be
adjusted with this guide. Then the periodic waves examined the above should be generated and
the roll motion of the model should be measured. When the measured (single) roll amplitude
converges to a certain value, this value should be regarded as the steady roll amplitude
(6))(degrees). If the steady roll amplitude cannot be determined, the wave steepness should be
reduced. Even after the steady roll amplitude is found, multiple reflections between the model
and the wave maker could change the roll amplitude. In such occasion, the measurement after the
reflection should be ignored.

4.3.2 Then the effective wave slope coefficient (7) is determined as follows:

GgN(O=10,)
v —— 2
907 (H/ 2)

Here this coefficient is assumed to be independent of 6.

4.3.3 Alternatively, it is possible to directly measure the roll exciting moment by a
dynamometer with which the model and the towing carriage is connected with a guide for
allowing the sway, heave and pitch motions of the model but fixing the surge, roll and yaw
motions of the model. Here the dynamometer should be designed to limit the interaction between
the detected force components within [2]% of the resultant ones.

= 1 heave
[t ﬂ drift
-
eli[oN . .
towing carriage
_ 0O O sway _ O O

ship model

Figure 1 - An example of the guide for roll test in beam waves
5 Estimation of the roll angle for the weather criterion
5.1 By using the measured values of N(6) and r as well as the wave steepness s obtained from

Table 3.2.2.4-4 of the Code, the angle of roll, 8, in 3.2.2.1 of the Code can be calculated by the
following formula.

I\SLF\47\6-19.DOC



SRN-vEL

SLF 47/6/19
ANNEX
Page 4
0 (deg rees)= 0.7 |22 @)
N(6)

Here the value of 0.7 indicates the effect of randomness in ocean waves.

5.2 Since this formula includes &; in both its right and left sides, the calculation should be
carried out with the following iteration manner:

A 0, 1s initially assumed to be 20 degrees;
2 the right-hand side of this formula is calculated;
3 the obtained &; should be substituted into the right-hand side; and

4 if the value of 6, converges to a certain value, this should be regarded as the value
for the weather criterion.
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SUMMARY

Executivesummary:  This document comments the report of the intersessional
correspondence group on intact stability (IS) on the IACS unified
interpretation SC 155.

Action to be taken: Paragraph 5
Related documents:  SLF 46/16, SLF 46/10, SLF 46/10/1 and SLF 47/6/9

INTRODUCTION

1 This document contains comments relating to paragraph 14 of document SLF 47/6/9, as
the report of the IS Correspondence Group on agenda 10, and is submitted in accordance with
provisions of paragraph 4.10.5 of the Guidelines on the organization and method of work
(MSC/Circ.1099).

2 The Sub-Committee, at its forty-sixth session, instructed the 1S Correspondence Group to
review the IACS unified interpretation SC 155 (SLF 46/16). During the discussion inthe group,
the limited accuracy of the light weight check for smaller ships was remarked on and Japan
volunteered to investigate the effect of ship size on the light weight check for exempting
inclining tests and report the results to the correspondence group with a proposal. Because of the
time limitation, however, the group submitted its own proposa as annex 2 of
document SLF 47/6/9 without this investigation and instructed Japan to submit its proposal to the
Sub-Committee.

COMMENTS

3 Japan investigated the actual deviation of lightship displacement in case of building sister
ships by collecting 38 actual data from Japanese ship yards. The outcome is shown in figure 1.
As far as the check of the lightweight with the procedure ecified by section 4.2 of annex 1 of
the current 1S Code is concerned, absolute accuracy of draught reading does not depend on ship
size very much. Therefore, when the ship size decreases, the relative error for estimating the
displacement could increase in theory. The dotted line in figure 1 indicates a theoretical
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reference assuming a constant error in draught reading. The collected data support such

theoretical tendency as a whole except for some extreme cases.

Data submitted by Japan

[ ® actual data

N
o

proposed criterion

- - -theoretical reference curve

N

G
.

deviation of lightship displacement (%)
-
(2]
cl ‘ ’
- * .
L

)

®
[}

o
o

0 50 100 150 200
LBP (m)

250

300

Figure 1 - Deviation of lightship displacement of sister ships built in Japanese shipyards

4 Keeping such theoretical tendency, the following criterion to exempt inclining tests of
sister shipsis proposed. The acceptable deviation of lightship displacement should be:

For L<50m

For L>160m

For intermediate length by linear interpolation.
The modified test is attached in the annex.

ACTION REQUESTED OF THE SUB-COMMITTEE

2% of the lightship displacement of the lead ship.
1% of the lightship displacement of the lead ship.

5 The Sub-Committee is invited to consider the above comments and take action as

appropriate.

*k*

I\SLR\47\10.doc



WATE LS.

SLF 47/10

ANNEX

AMENDMENTSTO PARAGRAPH 3 OF ANNEX 2 OF THE CORRESPONDENCE
GROUP REPORT (SLF 47/6/9)

Amend paragraph 3 of annex 2 of the correspondence group report (SLF 47/6/9) as follows:

3 For any newly built sister vessel with known differences from the lead sister vessel a
detailed weights and centres calculation, to adjust the lead vessel’s lightship properties, shall be
carried out. The validity of the calculated lightship properties shall be assessed by carrying out a
lightweight check unless the implications regarding the stability of the vessal indicate that an
inclining test should be performed. The acceptable deviation of lightship displacement should
be:

For L<50m 2% of the lightship displacement of the lead ship.
For L>160m 1% of thelightship displacement of thelead ship.
For intermediate length by linear inter polation.

In addition, the deviation of lightship longitudinal centre of gravity is not to exceed 0.5% of the
LBP of the lead vessel. Where the deviation exceeds either of these limits, an inclining test
should be carried out. Where the deviation is within these limits the actual lightship weight and
longitudinal centre of gravity derived from the lightship check shall be used in conjunction with
the higher of either the lead vessel’s vertical centre of gravity or the calculated value.
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