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Welcome Message From Chair

On behalf of the Committee, it is our great pleasure to welcome you to the
sixth International Conference on Ship and Offshore Technology -
Indonesia (ICSOT Indonesia 2019). This year, the conference is jointly
organized by Diponegoro University (UNDIP) and the Royal Institute of
Naval Architects (RINA).

The conferences theme is “Developments Marine Design, Construction, and
Operation”. Although the theme is limited to developments marine design,

construction, and operation, but the theme can be related and developed

to other aspects such as hydrodynamics, marine safety, environment,
material, construction aspects, maritime logistics, fishing vessel, etc. The program committee accepted 14

of those papers to be presented in this conference.

We are honored to have outstanding speakers. And also, special thanks to the Keynote Speakers: Prof. Dr.
Hirotada Hashimoto, and Prof. Dr. Ir. Muljo Widodo Kartidjo. We appreciate to the Royal Institute of Naval
Architects (RINA) as supporting organization in this conference, especially Vice President RINA, Prof. Ir.

Ketut Aria Pria Utama, MSc, PhD, Ceng, FRINA.

We welcome you to Semarang, and we very much hope you enjoy the conference.

Dr. Eng. Deddy Chrismianto, ST, MT
Chair of ICSOT Indonesia 2019






6" International Conference on Ship

and Offshore Technology - Indonesia

Table Of Contents

Welcome Message From Chair )
Table Of Contents (iii)
Organizing Commite W)
ICSOT 2019 Agenda (vii)
Technical Program Schedule (ix)

Paper 01. A Review State Of The Art Crew Boat Improving Fuel Efficiency Based On 1-4

Operational Data Motion Using Artificial Intelligence

Paper 02. Experimental And Numerical Study Of Ship Resistance Due To Variation Of (5-14)
Hull Vane Positioning In The Longitudinal Direction

Paper 03. Numerical Investigation Into The Pressure Distribution And Form Factor (15-20)
Effect Of Slender body Catamaran

Paper 04. Study On The Environmental Condition Of Indonesia’s Ports Anchoring (21-25)
Area

Paper 05. The Optimization Of Anchor Equipment Due To The Specific Anchoring (26-32)
Area

Paper 06. The Hull Girder Strength Analysis Due To Equipment Load Under (33-37)
Longitudinal Bending

Paper 07. Geometry Optimization Of Centre Bulb To Reduce Wave Resistance On (38-45)
Catamaran Ship

Paper 08. Toward Green And Sustainable Ship Recycling Industry In Indonesia (46-52)
Paper 09. A Model Scale Of Unsinkable Small Passenger Speed-Boat (53-57)

Paper 10. The Development Of Intact Stability Criteria : The Work On Small Ship Up (58-62)
To 24 M In Operate In Indonesian Waterways

Paper 11. Application Of The Second Generation Intact Stability Criteria To An (63-69)
Indonesian Ro-Ro Ferry Supported By Model Experiment

Paper 12. Stability Assessment Of Hatch coverless River-Sea Cargo Ship (70-75)

Paper 13. Study On The Alternative Method Of Non-Destructive Testing For Fibre (76 -82)
Reinforced Polymer

Paper 14. Comparative Study Of Straightening Method Using Oxy-Acetylene (83-90)
Carburizing With Tungsten Inert Gas On Aluminium 5083-H116







6" International Conference on Ship

and Offshore Technology - Indonesia

Organizing Commite

International Steering Committee (ISC)

Chair : Dr. Eng. Deddy Chrismianto, ST, MT (Diponegoro University, Indonesia)
Co-chair : Mr. Trevor Blakeley (RINA Chief Executive)
Members

Prof. Richard Birmingham (Newcastle University)

Prof. Atilla Incecik (University of Strathclyde)

Prof. Jeom-Kee Paik (Pusan National University)

Prof. R A Shenoi (University of Southampton)

Prof. Nicholas Hutchins (University of Melbourne)

Prof. Takeshi Shinoda (Kyushu University, Japan)

Prof. Ru-Min Chao (National Cheng-Kung University, Taiwan)
Prof. Adi Maimun bin Abdul Malik (Universiti Teknologi Malaysia)
Prof. Yanuar (UI)

Prof I Ketut Aria Pria Utama (ITS)

Dr. Eng. Ahmad Fauzan Zakki, ST, MT (Diponegoro University, Indonesia)
Dr. Daeng Paroka (University of Hasanuddin)

Dr. Marcus Tukan (University of Pattimura)

Local Organizing Committee (LOC)

Reviewer : Dr. Eng. Deddy Chrismianto, ST., MT
Dr. Eng. Ahmad Fauzan Zakki, ST., MT
Dr. Eng. Hartono Yudo, ST., MT
Dr. Eng. Andi Trimulyono, ST., MT
Dr. Eng. Samuel, ST., MT

Muhammad Igbal, ST, MT
Editor : Good Rindo, ST, MT

Muhammad Igbal, ST, MT

Berlian Arswendo, ST, MT






6" International Conference on Ship

and Offshore Technology - Indonesia

ICSOT 2019 Agenda
Monday, 25t% November 2019
Time Agenda

07.30-08.30 Registration
08.30 - 09.00 Welcome Remark
09.00 - 09.15 Opening Speech (Vice President Asia Region :

Prof. Ir. Ketut Aria Pria Utama, M.Sc, PhD, C. Eng, FRINA
09.15-09.30 Greeting of Dean of Engineering Faculty
09.30- 09.40 Opening Ceremony ICSOT 2019
09.40 - 10.00 Coffee Break
10.00-10.30 Keynote Speaker 1 :

Prof. Dr. Eng Hirotada Hashimoto (Kobe University, Japan)
10.30-12.00 1st Session of Conference (3 presenters)
12.00-13.00 Lunch
13.00 - 14.30 2nd Session of Conference (3 presenters)
14.30 - 15.00 Coffee Break
15.00-16.00 3rd Session of Conference (2 presenters)
18.30 - 20.00 Dinner

Tuesday, 26t November 2019

Time Agenda
08.00 - 09.00 Registration
09.00-09.30 Keynote Speaker 2:

Prof. Mulyo Widodo Kartidjo (Mechanical Engineering, ITB)

09.30-10.00 Coffee Break
10.00-11.30 4N session of Conference (3 presenters)
11.30-13.00 Lunch
13.00-14.30 5tN Session of Conference (3 presenters)
14.30 - 15.00 Closing Ceremony

vii







6" International Conference on Ship

and Offshore Technology - Indonesia

Technical Program Schedule

No. Title Time Session
1. | AReview State Of The Art Crew Boat Improving Fuel 10.30-11.00 1st Session of
Efficiency Based On Operational Data Motion Using Conference
Artificial Intelligence
2. | Experimental And Numerical Study Of Ship Resistance 11.00-11.30 1st Session of
Due To Variation Of Hull Vane Positioning In The Conference
Longitudinal Direction
3. | Numerical Investigation Into The Pressure Distribution 11.30-12.00 1st Session of
And Form Factor Effect Of Slender body Catamaran Conference
4. | Study On The Environmental Condition Of Indonesia’s 13.00-13.30 2nd Session of
Ports Anchoring Area Conference
5. | The Optimization Of Anchor Equipment Due To The 13.30- 14.00 2nd Session of
Specific Anchoring Area Conference
6. | The Hull Girder Strength Analysis Due To Equipment Load 14.00 - 14.30 2nd Session of
Under Longitudinal Bending Conference
7. | Geometry Optimization Of Centre Bulb To Reduce Wave 15.00 - 15.30 3rd Session of
Resistance On Catamaran Ship Conference
8. | Toward Green And Sustainable Ship Recycling Industry In 15.30-16.00 3rd Session of
Indonesia Conference
9. | A Model Scale Of Unsinkable Small Passenger Speed-Boat 10.00-10.30 4th Session of
Conference
10. | The Development Of Intact Stability Criteria : The Work 10.30-11.00 4th Session of
On Small Ship Up To 24 M In Operate In Indonesian Conference
Waterways
11. | Application Of The Second Generation Intact Stability 11.00-11.30 4th Session of
Criteria To An Indonesian Ro-Ro Ferry Supported By Conference
Model Experiment
12. | Stability Assessment Of Hatch Coverless River-Sea Cargo 13.00-13.30 5th Session of
Ship Conference
13. | Study On The Alternative Method Of Non-Destructive 13.30 - 14.00 5th Session of
Testing For Fibre Reinforced Polymer Conference
14. | Comparative Study Of Straightening Method Using Oxy- 14.00 - 14.30 5th Session of

Acetylene Carburizing With Tungsten Inert Gas On
Aluminium 5083-H116

Conference







ICSOT Indonesia, 25 - 26 November 2019, Semarang, Indonesia

APPLICATION OF THE SECOND GENERATION INTACT STABILITY CRITERIA TO
AN INDONESIAN RO-RO FERRY SUPPORTED BY MODEL EXPERIMENT

D Paroka, A H Muhammad, S Rahman, Rosmani, M A Azis and A Yusuf, Hasanuddin University, Indonesia
SUMMARY

The characteristics geometry of Indonesian ro-ro ferries are different with those used to develope the weather criterion in
the intact stability criteria of International Maritime Organization. To evaluate the stability of Indonesian ro-ro ferries
using the second generation intact stability criteria, an alternative assessment of weather criterion as the vulnerability
criteria level 1 is necessary in order to find consistency of each level of vulnerability criteria. This paper discusses about
stability evaluation of an Indonesian ro-ro ferry by using the second generation intact stability criteria with the damping
factor correspond to the breadth and draught ratio determined by model experiment. The effective wave slope
coefficients as function of vertical centre of gravity are calculated using the formula of weather criterion and the
simplified strip theory at the wave frequency the same as the natural frequency of roll. The wind and waves
characteristics are based on the scatter wave data of a ferry route in Indonesia. As results, the minimum metacentric
height for vulnerability criteria level 1 obtained by model experiment is smaller than that obtained by using the values in
the weather criterion. The inconsistency between the vulnnerability criteria level 1 and level 2 appears when the values
of parameters in the weather criterion are used. However, it shows the consistency when the damping factor correspond
to the breadth and draught ratio in the vulnerability criteria level 1 is determined by model experiment. The obtained
safety level for the vulnerability criteria level 2 is 0.00008 correspond to the critical metacentric height 1.3 meters. This
result show that the minimum safety level recommended by the International Maritime Organization can be applied to
Indonesian ro-ro ferries.

NOMENCLATURE the criteria, some parameters of the criteria are difficult to
o comply such as the heel angle with maximum righting
Cl Capsizing index - arm. This is because the angle of deck edge immersion
Ci Short-term capsizing probability smaller than 10.0 degrees due to small freeboard and small
Hs Slgrjlflcant wave height (m) . ) draught compared to the ship breadth [1]. On the other
Mo Variance deviation of roll motion (rad.?) o . .
: . 212 hand, the initial metacentric height, the area under the
my Variance of angular velocity of roll (rad.?/s?) iahti " h le of ishi
S; Occurence probability of sea state righting arm curve as well as the angle of vanishing
Texe Time exposure (s) stability are generally larger compared to other ships types
Uw Mean wind velocity (m/s) due to large breadth and draught ratio.
A g+ Range of residual stability in leeward (rad.)
Adga- Range of residual stability in windward The roll-back angle obtained in the weather criterion could
(rad.) be overestimate when it is applied to the Indonesian ro-ro
Aga Capsizing rate (1/s) ferries. The breadth and draught ratio of Indonesian ro-ro
ferries is generally larger than the maximum ratio in the
weather criterion. As result, the damping factor correspond
1. INTRODUCTION

to the breadth and draught ratio in the weather criterion
could be overestimate [3], [4]. The effective wave slope
coefficient obtained by formula of weather criterion is
larger than that obtained by model experiment due to large
vertical centre of gravity [4], [5], [6]. The formula to
determined the coefficient “C” correspond to the formula
of natural roll period could result significant error when it
is applied to a ship with large breadth and draught ratio as
well as large metacentric height [7]. Therefore, IMO
provide an alternatif assessment of weather criterion based
on model experiment especially for ships with geometry
characteristics different with that used to develope the
criteria [8]. The wind pressure used in the weather
criterion was for wind velocity of 26 m/s. This wind
velocity could be different depend on the location and
geography characteristics.

The Indonesian ro-ro ferries are characterized by large
large breadth compared to the ship draught to provide a
large area of vehicles deck and the shallow water in the
port area. In order to easily loading and unloading of
vehicles, the freeboard is designed to be smaller around
0.10 of ship breadth [1]. Those ro-ro ferries are used for
short inter-island and inland river-seas transportations. The
vertical center of gravity could be higher than the ship
height because the vehicles deck is located in the main
deck and the passenger accommodation is above the
vehicles deck. The safety of ship in seaways correspond to
stability is evaluated by using the general intact stability
criteria and the weather criterion of International Maritime
Organization (IMO) [2]. Due to their geometry
characteristics are different with those used to develope
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Recently, the second generation intact stability criteria
(SGISC) is being in finalization step which is a
performance based criteria. The revision of intact stability
criteria is meant to consider the ships with geometry
characteristics different with those used to develope the
previous criteria. The weather criterion has been decided
by IMO as the vulnerable criteria level 1 for dead ship
condition and the wvulnerable criteria level 2 was the
probability of ship heel angle exceeding a certain angle
such as the downflooding angle or the angle of vanishing
stability. The level 1 of the vulnerability criteria means to
separate between conventional and unconvetional ships.
This criteria opens the challenge to overcome the problem
of implementation of stability assessment for ship with
geometry characteristics out of the range in the weather
criterion. A ship comply with the vulnerability criteria
level 1 should also comply with the level 2 of the
vulnerability criteria. On the other hand, a ship is found to
be vulnerable in the level 2 should also be vulnerable in
the level 1. During this finalization, the criteria has been
tested by applying to several ships types including large
passenger ships as well as ro-pax ships. In some cases, the
obtained safety level is inconsistence between the
vulnerability criteria level 1 and the vulnerability criteria
level 2. Therefore, the standard of minimum safety level
especially for level 2 of vulnerability has not yet been
decided. The IMO suggested the capsizing index to be
0.04 or 0.06 [9] but in the other document it is proposed to
be 0.01. The inconsistency could be occur because the
safety level in the weather criterion is calculated for one
sea state while in the vulnerability criteria level 2, the
casizing index is calculated for all possible sea state based
on the scatter wave data of operational area. In the other
hand, safety level of a ship could change depending on the
sea state of operational area. The discrepancy of safety
level between the vulnerability criteria level 1 and the
vulnerability criteria level 2 may also occur due to
different damping factors used in the weather criterion and
the capsizing index especially for ships with breadth and
draught ratio larger than 3.5.

This paper discusses about the minimum safety level of
ships with geometry characteristics are not covered in the
weather criterion based on the SGICS. This is important
because most of ships used for inter-island and river-seas
transportation especially for short distance have geometry
characteristics with large breadth and shallow draught as
well as small freeboard. The inconsistency of safety level
for dead ship condition mainly occur for ships with lower
weather deck and very large breadth means small ratio of
freeboard and breadth [10]. Rudakovic and Backalov [11]
used the capsizing index of 0.04 as the minimum safety
level to analyze operational limitation of a river-sea ship
using the SGISC. However they did not analyze the
consistency between the vulnerability criteria level 1 and
the vulnerability criteria level 2. If the consistency of the

© 2019: The Royal Institution of Naval Architects
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criteria can be found, the minimum safety level can be
determined in advance and the SGISC can be considered
to adopt as stability standard for ships with large breadth
and draught ratio as well as very small freeboard. The
obtained results can also be used to explain the reason of
the consistency when the SGISC applied to such ships
geometry characteristics.

2. METHODOLOGY

The second generation intact stability criteria is applied to
an Indonesian ro-ro ferry with principal dimension shown
in Table 1 and its body plan is shown in Figure 1. The
righting arm curve of the ship for full loading condition is
shown in Figure 2.

Table 1: Principal dimension of ship

Dimension Ship (m)
Length perpendiculars (Lpp) 50.50
Breadth (B) 14.00
Height (H) 3.80
Draught (d) 2.70
Metacentric height (GM) 4.23
Vertical centre of gravity (KG) 4.717
Length of bilge keel 18.00
Breadth of bilge keel 0.25
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Figure 1: The body plan of subject ship
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Figure 2: Righting arm curve of the subject ship for full
loading condition

The vulnerability criteria level 1 for variation of

metacentric height range from 0.50 meters to 8.8 meters
are calculated with the damping factor correspond to
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breadth and draught ratio is determined following the
value in the weather criterion and by model experiment.
The critical metacentric height is calculated for two
different effective wave slope coefficient. The first
effective wave slope coefficient is obtained by using the
formula of weather criterion [2]. The second one is
obtained from the simplified strip theory as recommended
by IMO to use in the vulnerability criteria level 2 [12].
Here, the effective wave slope coefficient is determined
based on the natural frequency of roll for each vertical
centre of gravity. The effective wave slope coefficients
obtained by formula of IMO is shown in Figure 3 and
those obtained by simplified strip theory for wave
frequency the same as the natural frequency of roll as well
as model experiment are shown in Figure 4.

2254
2.00
1.75

1.50

T
-0.5 0.0 05 1.0 15 2.0 2.5
OG/d

Figure 3: Effective wave slope coefficient obtained by
formula of IMO
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r = 0.382+0.203(0D/d)
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0.2+

0.14

-0.5 0.0 05 1.0 15 20 25
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Figure 4: Effective wave slope coefficient obtained by
simplified strip theory and model experiment

The effective wave slope coefficient of the ship obtained

by formula of IMO is alrger than that obtained by
simpified strip theory and by model experiment. For large

© 2019: The Royal Institution of Naval Architects

vertical center of gravity, the effective wave slope
coefficient obtained by formula of IMO is larger than 1.0.
The result of model experiment is coincide with that
obtained by simplified strip theory.

The natural roll period of the subject ship is 4.453 seconds
which is smaller than the minimum natural roll period in
the weather criterion. Therefore, the wave steepness is
determined to be the same as that corresponds to the
minimum natural roll period in the criteria. The wind
pressure is determined based on the wind speed data of
one route of Indonesia ro-ro ferry. Tha maximum wind
velocity is 20 m/s correspond to wind pressure of 300 Pa.
The wind pressure could be smaller depend on the
location. The others variable in the weather criterion
formula such as the damping factor correspond to the
block coefficient and the bilge keel are determined
following the weather criterion.

The capsizing index as the parameter of the vulnerability
criteria level 2 for the same range of vertical centre of
gravity the same as that in the level 1 is calculated with
linear and quadratic damping coefficients determined by
model experiment. The effective wave slope coefficients
are determined using the same methos as used in the
calculation of vulnerability criteria level 1. The statistics
wave data of route of ro-ro ferry between Bulukumba and
Selayar Island with scatter wave data shown in Figure 5 is
used.

= =
2
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=
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SHuENNR00 1 3
2
2
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Figure 5: Scatter wave data

The mean wind velocity is calculated as function of
significant wave height. This equation is statistically
developed based on recorded data of wind and waves with
the equation shows as follow [13]:

UW _ < Hs )0.85 (1)

65



This equation is different with formula IMO [12] as the
location data colllected is different. The spectrum of wave
exciting moment is calculated by using the Jonswap
spectrum and the Davenport spectrum is used to calculate
the spectrum of wind moment due to wind gustness. The
casizing index is calculated using the following equation

[9:

Cl = Z G S; 2

The probability of roll angle exceeding an acceptable
angle, here the downflooding angle or the angle of
vanishing stability which is the smallest for a certain
exposure time is calculated by using the equation as
follows [9]:

Ci =1—exp(—AgaTgxp) (3)

Here, the exposure time determined to be one hour. The
occurence probability of a sea state is determined as the
number of occurence devided by the total number of wave
recorded. The wave data recorded shown in Figure 5 is
used to determine the probability of each pair of
significant wave height and the mean wave period. The
capsizing rate in the equation (3) is calculated by using the
equation as follows [9]:

1 m Appa+?
EA™ 2m mg exp mg
A¢EA_2)

+ exp (— "
0

Here, the residual stability range in leeward and windward
directions are determined by maintaining the area under
the righting arm curve from the static heel angle due to
steady wind to the downflooding angle or the angle of
vanishing stability, which one is the smallest. This means
that the residual stability range could be larger than the
downflooding angle or the angle of vanishing stability
depends on characteristics of the righting arm curve. The
variance of roll angle and the variance of angular velocity
of roll are calculated based on the spectrum of total
exciting moment induced by combined action of gustness
wind and waves for each sea state.

3. RESULTS AND DISCUSSION

© 2019: The Royal Institution of Naval Architects
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The index “b/a” as the parameter of the vulnerability
criteria level 1 for several different vertical centre of
gravity are shown in Figure 6. Here, the solid line
indicates the results obtained based on the recommended
values of each parameter of weather criterion and the
dash line show the index “b/a” with the damping factor
correspond to the breadth and draught ratio obtained by
model experiment and the effective wave slope
coefficient calculated by the simplified strip theory. As
the damping factor correspond to the breadth and draught
ratio obtained by model experiment is smaller than that
in the weather criterion, the results obtained by
experiment is larger than that obtained based on the
recommended values of IMO. The critical metecentric
height is 3.9 meters if the values of parameters in the
weather criterion is used and that is 1.6 meters when the
damping factor correspond to the breadth and draught
ratio obtained by model experiment and the effective
wave slope coefficient calculated by simplified strip
theory are used. The smaller damping factor due to
breadth and draught ratio determined by model
experiment result in smaller roll-back angle compared to
that obtained by using the values in the weather criterion.
This smaller roll-back angle is also induced by smaller
effective wave slope coefficient obtained by simplied
strip theory than that calculated by using the formula in
the weather criterion. Therefore, the index “b/a” become
large than that by using the values in the weather
criterion.

18

16 /7
IMO P
144 — — Experiment /
12 A /
10 ’
s 104
g 7,
8- _ 7
- -
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2] /
/
27 ,
0 —

GM (meters)

Figure 6: The index “b/a” for variation of matacentric
heigh with wind pressure of 300 Pa

Figure 7 show the capsizing index of the subject ship
based on the statistics wave data of a route of inter-island
transportation in Indonesia serviced by ro-ro ferry. The
solid line is the capsizing index with the effective wave
slope coefficient obtained by simplified strip theory as
function of wave frequency and the dash line for the
effective wave slope coefficient calculated by weather
criterion formula. Similiar to the vulnerability criteria
level 1, the capsizing index by using the effective wave
slope coefficient of the weather criterio formula is larger
than that obtained by using the simplified strip theory.
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This is due to larger effective wave slope coefficient
obtained by the formula of weather crirerion.

GM (meters)

1E+00 L 1 1 1 1 1 1 1 I

1E-02 4

1E-04

1E-06 4

1E-08

Cl

1E-10 4

1E-12
1E-14

— Strip Theory
- =IMO

1E-16

1E-18 -

Figure 7: Capsizing index for variation of metacentric
height with effective wave slope coefficient obtained by
strip theory and formula of IMO.

The vulnerability criteria level 1 and the vulnerability
criteria level 2 is not consistence when the effective wave
slope coefficient is calculated by using the formula of
IMO. The ship is found to be vulnerable in the level 1
when the metacentric height is smaller than 3.9 meters.
This metacentric height correspond to a capsizing index
of 0.142. This capsizing index is larger than the
maximum capsizing index recommended by IMO. If the
maximum acceptabel capsizing index follows the IMO
recommendation, the minimum metacentric height of the
ship is 4.7 meters. This results indicate that the damping
factor correspond to the breadth and draught ratio in the
weather criterion is overestimate and therefore it should
be extended to breadth and draught ratio smaller than
3.50. When the effective wave slope coefficient is
calculated by simplified strip theory and the damping
factor correspond to the breadth and draught ratio is
determined by model experiment, the capsizing index
correspond to the vulnerability boundary in the level 1 is
0.00008. This capsizing index is smaller than the
maximum capsizing index recommended by IMO. This
means that both the vulnerability criteria level 1 and the
vulnerability criteria level 2 shows consistency.

Figure 8 and Figure 9 show the relationship between the
index “b/a” and the capsizing index for the effective
wave slope coefficient calculated by formula of weather
criterion and by simplified strip theory, respectively. If
the safety standard of IMO with the capsizing index of
0.04 is assumed as the acceptable safety level for the
Indonesian ro-ro ferries, the minimum value of index
“b/a” should be 1.18. This capsizing index correspond to
the metacentric height of the subject ship of 4.7 meters
which is the actual metacentric height for full loading
condition. This means that applying the values of
parameters in the weather criterion to a ship with breadth
and draught ratio larger than 3.50 and the ratio between
vertical centre of gravity and draught larger than 1.50

© 2019: The Royal Institution of Naval Architects

result in an overestimate roll-back angle in beam wind
and waves so that the vulnerability criteria level 1 and
level 2 for dead ship condition becomes inconsistence
due to the index “b/a” in the level 1 becomes smaller.
The damping moment of the subject ship is larger than
that predicted in the weather criterion and the effective
wave slope coefficient of the formula of weather
criterion is overestimate when it is applied to a ship with
large breadth and draugth ratio. This phenomena has
been found by others researchers such as Deakin [3] and
Sato, et al [14].

b/a

00 05 10 15 20 25 30 35 40 45 50
1E+00 L L L L L L L L L |

1E-02
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1E-08 4
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Figure 8: The capsizing index correspond to the index
“b/a’> of weather cirterion with damping factor based on
weather criterion
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Figure 9: The capsizing index correspond to the index
“b/a” of weather criterion with damping factor obtained
by model experiment

When the damping factor correspond to the breadth and
draught ratio obtained by model experiment and the
effective wave slope coefficient obtained by simplified
strip theory are used, the capsizing index correspond to
the minimum metacentric height obtained in the
vulnerability criteria level 1 is smaller than the minimum
safety level recommended by IMO. The metacentric
height correspond to this minimum safety level is 1.3
meters. The value of index “b/a” in this metacentric
height is 0.50 smaller than 1.0 as the safety boundary.
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This results show that the same damping factor should be
used in both wvulnerability criteria level 1 and the
vulnerability criteria level 2 in order to find its
consistency.

4. CONCLUSIONS

The second generation intact stability criteria has been
used to calculate the minimum metacentric height
correspond to the vulnerability criteria level 1 and the
corresponding capsizing index in the vulnerability
criteria level 2. Based on the obtained results and
discussions, it can be conluded that the difference
method to determine the damping factors in the
vulnerability criteria level 1 and level 2 induce
inconsistency of the criteria for dead-ship condition.
Therefore, it is recommended to used the same
estimation method especially for ships with geometry
characteristics different with those used to develope the
weather criterion. For ship with breadth and draught ratio
larger than 3.50, the inconsistency appears due to the
damping factor correspond to this ratio is overestimate
compared to that obtained by model experiment. It is
important to consider extention of breadth and draught
ratio in the weather criterion to accomodate ships with
ratio larger than 3.50. The effective wave slope
coefficient obtained by formula of weather criterion
seems to be overestimate when applied to a ship with
large breadth and draught ratio. It is necessary an
advance investigation of alternative method to
determined the effective wave slope coefficient for ships
with breadth and draught ratio larger than 3.50. The
safety level recommended by IMO in draft of second
generation intact stability criteria is more conservative
compared to the present result. This means that the
minimum safety level can be used for the present subject
ship as the minimum safety level.
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