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Dear Dr. MUIS ALIE,

As Co-Chairs of the ISOPE-2018 Sapporo Conference, we are pleased to invite you to present your paper and
participate, at your expense, in the 28th International Offshore and Polar Engineering Conference (ISOPE-
2018) to be held in Sapporo, Japan, June 10-15, 2018. This conference will hold the world's largest technical
program of its kind with peer-reviewed papers in this field. Technical Program Committee (TPC) members
from 29 countries have assisted in organizing the Conference. The Conference is sponsored by the
International Society of Offshore and Polar Engineers (ISOPE) in cooperation with 28 other major
international societies and organizations. Following a peer review process, more than 700 peer-reviewed
papers out of more than 1,400+ abstracts from 50+ countries have been accepted for presentation as well as
for inclusion in the Conference Proceedings. Please visit www.isope.org for further information.

You are one of the well-known experts in this field, and your organization has been very active in this line of
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the international technical and research communities.
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To: "Dr. Muhammad Zubair Muis Alie" <zubairm@eng.unhas.ac.id>

Cc: "Prof. Tetsuya Yao" <yao@naoe.eng.osaka-u.ac.jp>

Dr. Muhammad Zubair Muis Alie (zubair.m@eng.unhas.ac.id) October 18, 2017

Hasanuddin University

Gowa, INDONESIA

Paper No. 2018-TPC-0201

Paper Title: The Ultimate Hull Girder Strength Analysis Considering Section Modulus under
Longitudinal Bending

Dear Dr. Muis Alie:

Welcome to the ISOPE-2018 Conference, Sapporo, Japan. On behalf of the ISOPE-2018 Technical Program
Committee (TPC), | am happy to inform you that your paper is tentatively scheduled, on the basis of the abstract
review, for ISOPE-2018, Sapporo, Japan, June 10—-15, 2018. To request an extension of the January 15 manuscript
deadline, ask your TPC member.

Please: (1) E-mail the abstract NOW to your session organizer (S.O. = TPC member), given
below.

(2) Always include your paper number in e-mail Subject line; and use your “Sender”
name in English to prevent spam-filtering.

(3) E-mail copyright form to isope-2@isope.org, or Fax to 650-254-2038, when you
submit a manuscript (MS) for review

Send the manuscript (MS) to S.O. for review by:  January 15, 2017 or earlier
(cc: to isope-5@sbhcglobal.net OR isope-5@isope.org)

Final revised MS deadline for acceptance by: March 24, 2017 or earlier

Your session organizer (S.0. or TPC member) is:

Name: Prof. Tetsuya Yao

Org: (Osaka University), Higashi-Hiroshima, Japan
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One advance registration per paper is required by March 24, 2018 (and for some by January 10) for inclusion in
the program and proceedings. Download the Advance Registration Form and Hotel Reservation Form in January
2018 from http://www.isope.org/conferences/conferences.htm. The advance registration fee starts from $690 for
members and lower for students.

From this moment, we rely on E-mails for MS submission, review, and final revised MS. Please include your
paper number in the E-mail Subject line in every communication, and communicate directly with and submit your
MS to your S.O. above. For any questions, please contact me or your TPC member.

* Special ISOPE room rates at various hotels from US$80+ per night.

Sincerely yours,

Prof. Jin S. Chung

ISOPE-2018 TPC Member

Email: meetings@isope.org; www.isope.org; www.deepoceanmining.org

Attached: Copyright form and ISOPE conference paper template

cc: Yao, T

« Final acceptance for presentation and for inclusion in the conference proceedings is contingent upon
favorable peer-review results and registration of each paper. Manuscript (MS) preparation must follow the
style and format of the enclosed ISOPE conference template. The manuscript for review should be typed
on the template, not exceeding 8 template pages, also downloadable from www.isope.org.

« Conference papers may be reviewed further for possible ISOPE Journal publication if recommended
initially by conference reviewers.

» You will receive later the reviewer comments and a request to revise and prepare the final MS as a PDF
file, and you shall follow the high-quality PDF-making instructions that will be provided and that can also
be downloaded later from www.isope.org.
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Template-Word-MS-2018.docx
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Reviewer 1:

Category(2) Changes which in your judgment should be made before publication.

Equation (8) in page 2

You use the equation given by the local classification, but you do not show the reference.
Please show it.

The material factor k is used in equation (8). Why is material property needed to
calculate the moment of inertia of the cross section? You should explain physical

meanings of & and show the value for your target ship.

Equation (11) in page 3

Please show the value of the degree of deck opening £ which you use for your target ship.

Fig. 4 and 5 in page 4 and 5

The figures are not clear. Please improve their quality.

Fig. 9 and 10 in page 6
I think you estimate ultimate strength by using section modulus, but your procedure is
not clear. You must clearly show how is the ultimate strength obtained from the section

modulus.

Fig. 11 and 12 in page 6

You analyze progressive collapse behaviors of Ro-Ro ships shown in Fig. 6 and 7 by using
Smith’s method. It seems that the Ro-Ro ship’s double bottoms are composed by
unstiffened panels. How do you treat these panels in Smith’s method? You must mention
a way of the element division and show average stress-average strain curves which you

use 1n the calculation.

Reviewer 2:

(1) P.1; Left column; L. 19.
one of the ship type — one of the ship types

(2) P.1; Right column; L. 31-32.
the side shell and bottom part — the side shell and bottom parts



(3) P.2; Right column; L. 8.
The neutral axis, g, of the full cross section as shown in Fig. 2 ... — This reviewer cannot find g in

Fig. 2.

(4) P.3; Left column; L. 9-10.

in hogging and sagging condition — in hogging and sagging conditions

(5) P.3; Left column; L. 10.
Eq. (12) and (13) — Egs. (12) and (13)

(6) P.3; Fig. 4.
Are notations of y; and z; correct in this figure?

— This reviewer thinks the followings are correct; zi — y; and y; — zi.

(7) P.4; Left column; L. 11.
in Fig. 4 and Fig. 5 — in Figs. 4 and 5

(8) P.4; Right column; L. 6.
The Ro-Ro ships consists of —The Ro-Ro ships consist of

(9) P.4; Right column; L. 14-17.
This paper is beneficial from the point of view of practical use. Since this paper did not treat any kinds
of initial imperfections, e.g., initial deflection and welding residual stress, the authors should add

comments for the effect of initial imperfections on the ultimate hull girder strength.

(10) P.4-5; Figs. 4-5.
Figs. 4 and 5 are not clear. They should be modified if possible.

(11) P.5; Left column; L. 5-6.

to obtained — to obtain

(12) P. 5; Left column; L. 12.
in Fig. 6 and 7 — in Figs. 6 and 7

(13) P. 5; Right column; L. 5-6.

two ships consists of — two ships consist of

(14) P.5; Figs. 6-7.



Do not Ro-Ro ships have longitudinal stiffeners in double bottom structures? If so, how did you divide
into elements for the double bottom structures of target Ro-Ro ships in the Smith’s method. The

authors should describe in this regard because this is one of the characteristics of Ro-Ro ships.

(15) P. 6; Right column; L. 10.
in Fig. 9 and 10 — in Figs. 9 and 10

(16) P. 6; Right column; L. 12.
in table 2 and 3 — in tables 2 and 3

(17) P. 6; Figs. 9 and 10 & Tables 2 and 3.
Figs. 9-10 and tables 2-3 show almost same meanings. Are these two figures and two tables are
necessary? Leastwise, the authors should express in the main sentence that left and right bar charts in

Figs. 9 and 10 show the results in hogging and sagging conditions, respectively.

(18) P.7; Left column; L. 2.
in Fig. 11 and 12 — in Figs. 11 and 12

(19) § RESULTS AND DISCUSSION
This reviewer thinks it is important to discuss the relationship between the ultimate hull girder strength
and the section modulus quantitatively, viz., how can the ultimate hull girder strength of Ro-Ro ships

be estimated from the section modulus obtained from Eq. (15)? Some descriptions should be added.



The question or comments from two reviewers are not completely replied. It is still not clear
how the section modulus is used to evaluate the ultimate strength. This should be clearly

indicated. The followings are comments from the editor which my improve the quality of this

paper.

(1) ABSTRACT; 3rd line: “the object of the ship” = “object ship”

(2) ABSTRACT; 10th line: “is applied” = “is imposed on plate and stiffened plate elements in
the cross-section”

(3) Page 1; left column; 12th — 10th lines from the bottom: “In this regards, the ship ... section
modulus.” Is difficult to understand. It could be changed as: “In this regards, the section
modulus could be one of the important parameters from the viewpoint of assessing the
ultimate strength of all the decks on which cars, passengers and so on are put.” ???

(4) Page 1; left column; 7th line from the bottom: “merchant including” = “merchant ships
including”

(5) Page 1; left column; 5th line from the bottom: “experimental of” = “experimental results
of”

(6) Page 1; left column; 3rd line from the bottom: “theretical” = “theoretical”

(7) Page 1; right column; 9th line: “structural loading response of” = “loading conditions on”

(8) Page 2; left column; 12th line: “characteristic gives” = “characteristics affect”

(9) Page 2; left column; 2nd line from the bottom: “as shown” = “are shown”

(10) Page 2; right column; 15t line below Eq.(5): “The neutral axis, g, of” = The location of
the neutral axis, g, of”

(11) Page 2; right column; 15t line below Eq.(6): “Where” > “where”

(12) Page 2; right column; 3rd — 4th Jines below Eq.(6): “the deck when z=0 is taken at the
base line” > “the 7-th element. z=0 is taken as the base line.

(13 Page 2; right column; 1st-2nd]ines below Eq.(7): “iyiis the local of moment of inertia
for each element such as stiffener, plate between stiffeners corresponding to neutral axis.”

(14) -  “Iyi is the moment of inertia of each element such as stiffener, plate between
stiffeners with respect to the neutral axis of each element.”

(15) Page 2; right column; 2nd line above Eq.(8): “local classification” = “local
Classification Society rules”

(16) Page 2; right column; 15t line below Eq.(8): “Where” > “where”

a7 Page 2; right column; 21d line above Eq.(9): “modulus” = “moduli”

(18 Page 2; right column; 15t line below Eq.(10): “Where” = “where”

(19 Page 2; right column; 1st line below Eq.(10): “For the local classification” >
“According to the local Classification Society rule”

(20) Page 3; left column; 15t line below Eq.(11): “Where” = “where”



(21) Page 3; left column; 15t line below Eq.(11): What is the “permissible stress”? How is it
defined?

(22) Page 3; left column; Eq.(11): What is the meaning of 103? If you include this in Eq.(11),
you have to specify the units for three parameters in this equation.

(23) Page 3; lift column; 1%t line above Eq.(16): “relationship by considering of buckling
and yielding” - “relationship is derived considering the influences of buckling and
yielding”

(24) Page 3; left column; 1st line below Fig. 3: “£(0)=0.The” = “£(0)=0. The” Blank is
necessary between “0.” and “The”.

(25) Page 3; right column; Eq.(18): “y7” has to be “(yi— 2)”

(26) Page 4; left column; METHODOLOGY; 3rd line: “the object of the ships” = “the object
ships”

@7 Page 4; left column; METHODOLOGY; 4th line: “local classification” > “local
Classification Society rules”

(28) Page 4; right column; 1st line below Table 1: “those are” = “which are”

(29) Page 4; right column; 2rd line below Table 1: “top decks, the” = “top decks. The”

(30) Page 4; right column; 2rd line below Table 1: “Ro-Ro for type-1 and type-2” = “type-1
and type-2 Ro-Ros”

(31) Page 4; right column; 4th line below Table 1: “on the bottom” 2 “in the bottom”

(32) Page 4; right column; 5th - 6th lines below Table 1: “Also, the dimensions .... For ship
breadth.” 2 “Type-2 Ro-Ro is deeper than type-1 Ro-Ro, while type 1 Ro-Ro is wider than
type-2 Ro-Ro.”

(33) Page 4; right column; 6th - 7th lines below Table 1: “The longitudinal ... one-frame
space.” 2 “One-frame space is considered in the longitudinal direction.”

(34) Page 4; right column; 11tk line below Table 1: “is done” = “is calculated”

(35) Figures 4, 5, 6 and 7: It looks that no longitudinal stiffeners are placed in the bottom
structure. This means that bottom structure shall have many floors, and the span length
in the bottom is shorter than that of deck parts. Such explanation may be necessary,

(36) It is also necessary how the average stress-average strain relationships is derived for
the plate element in bottom structure.

(37 Page 5; left column; 1st line: “DISCUSSION” - “DISCUSSIONS”

(38) Page 5; left column; 1st line in “RESULTS AND DISCUSSION”: “strength” >
“strengths”

(39) Page 5; left column; 2rd line in RESULTS AND DISCUSSION: “with the Smith’s
method developed by Yao and Nikolov (1992).” = “applying the method developed by Yao
and Nikolov (1992) according to the Smith’s method.”

(40) Page 5; left column; 4th line in RESULTS AND DISCUSSION: “both hogging” >
“both under hogging”



(41) Figures 8, 9 and 10: It is necessary to indicate how the section modulus is calculated.
Which equation is used? Egs.(9), (10), (11) or (15)? What bending moment is indicated? At
the ultimate strength in hogging and sagging?

(42) Page 7; left column; left column; 8th — 9th lines: “local classification” > “local
Classification Society rules”

(43) Page 7; left column; 3rd line in CONCLUSIONS: “local classification” - “local

Classification Society rules”
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No

Comments

Response

ABSTRACT; 3rd line: “the object of the
ship” = “object ship”

Has been corrected

ABSTRACT; 10th line: “is applied” = “is
imposed on plate and stiffened plate
elements in the cross-section”

Has been corrected

Page 1; left column; 12tk — 10tk lines from
the bottom: “In this regards, the ship ...
section modulus.” Is difficult to
understand. It could be changed as: “In
this regards, the section modulus could
be one of the important parameters from
the viewpoint of assessing the ultimate
strength of all the decks on which cars,
passengers and so on are put.” ???

Has been modified

Page 1; left column; 7th line from the
bottom:  “merchant  including” >
“merchant ships including”

Has been corrected

Page 1; left column; 5th line from the
bottom: “experimental of” >
“experimental results of”

Has been corrected

Page 1; left column; 3rd line from the
bottom: “theretical” = “theoretical”

Has been corrected

Page 1; right column; 9tk line: “structural
loading response of’ 2>  “loading
conditions on”

Has been corrected

Page 2; left column; 12th line:
“characteristic gives” > “characteristics
affect”

Has been corrected

Page 2; left column; 2nd line from the
bottom: “as shown” = “are shown”

Has been corrected

10

Page 2; right column; 1st line below
Eq.(5): “The neutral axis, g, of” & The
location of the neutral axis, g, of”

Has been corrected

11

Page 2; right column; 1st line below
Eq.(6): “Where” - “where”

Has been corrected

12

Page 2; right column; 3rd — 4th ]ines below
Eq.(6): “the deck when #=0 is taken at
the base line” 2 “the 7 -th element. z=0 is
taken as the base line.

Has been corrected

13

Page 2; right column; 1st -2nd lines below
Eq.(7): “Iyi is the local of moment of
inertia for each element such as stiffener,
plate between stiffeners corresponding to
neutral axis.”

Has been corrected

14

- “Iyi is the moment of inertia of each
element such as stiffener, plate between
stiffeners with respect to the neutral axis
of each element.”

Has been corrected

15

Page 2; right column; 2nd line above
Eq.(8): “local classification” - “local
Classification Society rules”

Has been corrected

16

Page 2; right column; 1st line below
Eq.(8): “Where” > “where”

Has been corrected

17

Page 2; right column; 2nd line above
Eq.(9): “modulus” 2 “moduli”

Has been corrected




18

Page 2; right column; 1st line below
Eq.(10): “Where” > “where”

Has been corrected

19

Page 2; right column; 1st line below
Eq.(10): “For the local classification” >
“According to the local Classification
Society rule”

Has been corrected

20

Page 3; left column; 1st line below
Eq.(11): “Where” 2 “where”

Has been corrected

21

Page 3; left column; 1st line below
Eq.(11): What is the “permissible stress”?
How is it defined?

Permissible stress is allowable stress. It is
defined based on the local classification.

22

Page 3; left column; Eq.(11): What is the
meaning of 103? If you include this in
Eq.(11), you have to specify the units for
three parameters in this equation.

Has been explained

23

Page 3; lift column; 1st line above Eq.(16):
“relationship by considering of buckling
and yielding” - “relationship is derived
considering the influences of buckling
and yielding”

Has been corrected

24

Page 3; left column; 1st line below Fig. 3:
“{0)=0.The” > “#(0)=0. The” Blank is
necessary between “0.” and “The”.

Has been corrected

25

13 »

Page 3; right column; Eq.(18): “y7” has to
be “(}/1,_ g)”

Has been corrected

26

Page 4; left column; METHODOLOGY:;
3rd line: “the object of the ships” = “the
object ships”

Has been corrected

27

Page 4; left column; METHODOLOGY:;
4th line: “local classification” = “local
Classification Society rules”

Has been corrected

28

Page 4; right column; 1st line below Table
1: “those are” = “which are”

Has been corrected

29

Page 4; right column; 2rd line below
Table 1: “top decks, the” = “top decks.
The”

Has been corrected

30

Page 4; right column; 2»d line below
Table 1: “Ro-Ro for type-1 and type-2” >
“type-1 and type-2 Ro-Ros”

Has been corrected

31

Page 4; right column; 4th line below Table
1: “on the bottom” = “in the bottom”

Has been corrected

32

Page 4; right column; 5th - 6th lines below
Table 1: “Also, the dimensions .... For
ship breadth.” 2 “Type-2 Ro-Ro is deeper
than type-1 Ro-Ro, while type 1 Ro-Ro is
wider than type-2 Ro-Ro.”

Has been corrected

33

Page 4; right column; 6th - 7th lines below
Table 1: “The longitudinal ... one-frame
space.” 2 “One-frame space 1s considered
in the longitudinal direction.”

Has been corrected

34

Page 4; right column; 11th line below
Table 1: “is done” 2 “is calculated”

Has been corrected

35

Figures 4, 5, 6 and 7: It looks that no
longitudinal stiffeners are placed in the
bottom structure. This means that
bottom structure shall have many floors,

Has been explained




and the span length in the bottom is
shorter than that of deck parts. Such
explanation may be necessary,

36

It is also necessary how the average
stress-average strain relationships is
derived for the plate element in bottom
structure.

Has been explained

37

Page 55 left column; 1st line:

“DISCUSSION” & “DISCUSSIONS”

Has been corrected

38

Page 5; left column; 1st line in “RESULTS
AND DISCUSSION”: “strength” -
“strengths”

Has been corrected

39

Page 5; left column; 27d line in RESULTS
AND DISCUSSION: “with the Smith’s
method developed by Yao and Nikolov
(1992).” > “applying the method
developed by Yao and Nikolov (1992)
according to the Smith’s method.”

Has been corrected

40

Page 5; left column; 4tk line in RESULTS
AND DISCUSSION: “both hogging” -
“both under hogging”

Has been corrected

41

Figures 8, 9 and 10: It is necessary to
indicate how the section modulus is
calculated. Which equation 1is used?
Eqgs.(9), (10), (11) or (15)? What bending
moment is indicated? At the ultimate
strength in hogging and sagging?

The section modulus can be obtained by
calculating the moment of inertia of
cross-section. In conjunction with this,
the moment of inertia of each element of
the cross section is calculated in advance.
Here, Egs. (9) and (10) represent section
modulus for deck and bottom,
respectively, so that the ultimate strength
can be obtained.

42

Page 7; left column; left column; 8th — 9th
lines: “local classification” > “local
Classification Society rules”

Has been corrected

43

Page 7; left column; 3 line in
CONCLUSIONS: “local classification” -
“local Classification Society rules”

Has been corrected
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ABSTRACT

The ship hull girder is very esential to againts the internal loads, particularly the external
loads such as pressure and wave loads. The hull girder play an important role in the
investigation for the ultimate strength calculation. The objective of the present study is to
assess the ultimate hull girder strength taking the section modulus into account under
longitudinal bending. A Ro-Ro Ship is taken as the object of the ship. A Ro-Ro Ship has
a unique character because most of the longitudinal elements locate above neutral axis.
While there are not the longitudinal elements under the neutral axis particularly at the
bottom part so that the bottom part consists plate only. The Ro-Ro ship consists of some
decks such as car, passenger and top. According to these, it is absolutely different the
section modulus on the car, passenger and top deck. The distance between car, passenger
and top deck are also different. Therefore, the section modulus for above and under the
neutral axis must be investigated toward the ultimate strength and their progressive
collapse behavior for car, passenger and top deck. In this regard, the elements attached on
those decks must be assessed in more detail for deformation under longitudinal bending.
The simple expression implemented into in-house program to calculate the section
modulus of ship cross section is performed. The cross section is assumed to be remained
plane and the simply supported of boundary condition is applied. The ultimate strength of
ship’s hull is calculated under hogging and sagging conditions. The hull girder of Ro-Ro
ship is devided into elements compose plate and stiffened plates to calculate the section
modulus. The vertical bending moments are imposed to both sides of the cross section.
The ultimate hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.

Keywords: Ship hull, cross section, section modulus, ultimate strength
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The Ultimate Hull Girder Strength Analysis Considering Section Modulus Under Longitudinal Bending
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ABSTRACT

The objective of the present study is to assess the ultimate hull girder
strength taking the section modulus into account under longitudinal
bending. A Ro-Ro Ship is taken as object ship. A Ro-Ro Ship has a
unique character because most of the longitudinal elements locate
above neutral axis. While there are not the longitudinal elements under
the neutral axis particularly at the bottom part so that the bottom part
consists plate only. The simple expression implemented into in-house
program to calculate the section modulus of ship cross section is
performed. The cross section is assumed to be remained plane and the
simply supported of boundary condition is imposed on plate and
stiffened plate elements in the cross section. The vertical bending
moments are imposed to both sides of the cross section. It is found that
the effect of the section modulus on the ultimate hull girder strength is
significant not only in hogging but also sagging condition. The ultimate
hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.

KEY WORDS:
ultimate strength.

Ship hull; cross section; section modulus;

INTRODUCTION

The Ro-Ro ship is one of the ship types which transport the cargo in
horizontal direction and eliminate the need for onboard or deckside lift-
on and/or lift off instrument. The Ro-Ro ship has been innovated to
carry processed forest product, lumber, playwood, cars and many
things. Ro-Ros are an imprortant connection for the intermodal
transportation network. In this regard, the section modulus could be one
of the important parameters from the viewpoint of assessing the
ultimate strength of all the decks on which cars, passengers and so on
are put. In spite of human error, the structural degradation during
loading and unloading gives impact to the ultimate strength of ship’s
hull.

The ultimate hull girder strength of merchant ships including Ro-Ro
ship has been assessed by some researchers. Kukkanen, T and
Matusiak, J (2014) presented the numerical and experimental results of
nonlinear wave loads. A nonlinear time domain method had been

developed and the theoretical background of the method were provided.
The method was based on the source formulation expressed by means
of the transient three-dimensional Green function. The time derivative
of the velocity potential in Bernoulli’s equation was solved with similar
source formulation to that of the perturbation velocity potential.
Korkut, E et al (2005) carried out measurements of global loads acting
on a Ro-Ro model in regular waves for intact and damaged conditions.
The stationary model was tested in different wave heights and wave
frequencies for the head, beam and stern quartering seas in order to
explore the effect of damages and wave heights on the global loads
acting on the model. The analysis of the result indicated that the
damages had an adverse effect on the loading conditions on the model
depending upon the directionality of the waves and frequency range
applied. This effect might cause structural damage on the ship and
danger the safety of the ship and passenger on board. Kim, D.H and
Paik, J.K (2017) developed a fully automated methodology for the
optimum design of hull structural scantlings for merchant cargo ships
that were modelled by plate-shell finite elements. A full optimization
technique with multi-objectives was applied for minimizing structural
weight and maximizing structural safety, as per design constraints
associated with the ultimate limit states of the plate panels, support
members and hull girders. The developed procedure was applied to the
hull structural scantlings of a very large crude oil carrier (VLCC), and
the test demonstrated the procedure’s capacity to meet the strength
requirements of common structural rules. Muis Alie, M.Z et al (2016)
investigate the influence of superstructure on the longitudinal ultimate
strength of a Ro-Ro ship. To investigate the ultimate strength, the
Smith’s method was adopted and implemented into the thin-walled
beam. The cross section of Ro-Ro ship was taken to be analyzed. Muis
Alie, M.Z et al (2017) assessed the ultimate hull girder strength of Ro-
Ro ship after damaged. The cross section of Ro-Ro was taken to be
analyzed. The collision and grounding damages were assumed to be
placed on the side and bottom area. The damages were created by
removing the element from the side shell and bottom parts. Finally, the
result obtained was compared with one another. Also, the progressive
collapse analysis of ship hull girder based on Smith’s method was
developed by Yao and Nikolov (1992). Naar, H et al (2004) described a
couple beam method, which estimate elastic response in the
longitudinal bending of a passenger ship with a large multi-deck
superstructure. The method could be applied during an early project
stage, when detailed three-dimensional finite element modelling was



not yet possible. The theory was based on assumption that each deck in
the superstructure and also the main hull could be considered as thin-
walled beam.

In the present study, the ultimate hull girder strength analysis is
assessed considering the section modulus. The cross section of a Ro-Ro
ship is considered to be analyzed. Bottom part, car and passenger decks
are calculated for the section modulus where those located above and/or
under the neutral axis. Their result is investigated toward the ultimate
strength for the global structure.

ANALYTICAL SOLUTION

The section modulus of ship indicates the ship strength not only in
longitudinal but also transversal direction. The classification societies
have been stated requirements so that the section modulus should be
greater than a prescribed value. It is well known that ship structural
characteristics affect significantly on the ultimate strength depending
on the cargo types, configuration of structural scantling and so on. The
fundamental theory of strength of material may be used for calculating
the section modulus of the ship hull cross section. In structural
modelling, the ship hull cross section is idealized by stiffened and
unstiffened plate combination. Fig. 1 shows the cross section of Ro-Ro
ship and Fig. 2 the typical type of stiffened plate with attached plating.
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Fig. 2 Typical type of stiffened plate with attached plating

The profile and consists of web, flange and attached plating including
the neutral axis (N-A) are shown in Fig. 2. The moment of inertia of the
profile may be expressed as

bt t ) h 2
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The location of the neutral axis, g, of the full cross section as shown in
Fig. 1 above the base line can be obtained by assuming that all
longitudinal strength elements are fully effective, those are

9= ZZAAZ‘ ®

where A is the cross-sectional area of the i th plate stiffener element

with fully attached plating and z, is the coordinate of the i-th element,

z = 01is taken at the base line. The moment of inertia of the hull cross
section is calculated by the following formula

Iy:ZAi(Zi_g)z+ziyi 7

Where iy, is the moment of inertia of each element such as stiffener,
plate between stiffeners with respect to the neutral axis of each element.

The local classification society rules determines the moment of inertia
by the following approach

I ~3x102W = (®)
k

where W, L and k are the section modulus, lenght of ship and
material factor (BKI, 2017). According to the formula, the material
factor is very important to obtain moment of inertia. The section moduli
at the deck and bottom part denoted by w, and w, are given by

W — y (9)
D D _ g
W, :'gv (10)

where D represents as the ship’s depth. According to local
Classification Society rules, the section modulus related to deck W,



and bottom W, , respectively can be obtained by the following formula

w = f Ml 1)

where f , M, and o, are the factor depending on the degree of deck

opening, total bending moment (Nmm) and permissible longitudinal
bending stress (N/mm?), respectively.

The stress components on deck and bottom part can be obtained by
using simple expression as follow,

o= @ (12)

o (13)

_M
w

where M is the moment on the deck and/or bottom part in hogging and
sagging conditions. Here, Egs. (12) and (13) can be simply expressed as

Mg _M o
| W

Here, the section modulus can be obtained as

wolt (15)
g

In the Smith’s method, which is applied in the program code developed
by Yao and Nikolov (1992) is used. The explanation is briefly
described such as the axial stress o; corresponding to the axial strain

&, s given by the average stress-average strain relationship for the

individual elements as illustrated in Fig. 3. The average stress-average
strain relationship is derived considering of buckling and yielding

o= 1) 16)

Fig.3 Average stress-average strain relationship for structural element

where f,(0)=0. The axial force P, the vertical bending moment M, ,
and the horizontal bending moment M, can be obtained by integrating
axial stresses over the intact part of cross section as

P=30,A=0 (17)
M, :Zo-i(yi_g)A (18)
M, :ZN:O-iZiA (19)

The y and z are the coordinates of the cross section measured from the
origin at the bottom keel as shown in Fig. 4.
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Fig.4 The coordinate systems of the cross section

When the axial load is added to bi-axial bending, the stiffness
equation is expressed in term of general formula,

AP Dy, Duy Duy || As
AM,, r=1 Dy, Dy Dy [1Ady (20)
AM, D, D Dy A4

Where

AP : increment of axial force

AM,,  :increment of horizontal bending moment
AM,,  :increment of vertical bending moment
Ag : increment of axial displacement

A, : increment of horizontal curvature

Ag, : increment of vertical curvature

and the tangential stiffness of the cross section are written as

Dy = Z D,A @1)
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METHODOLOGY

The ultimate strength analysis considering the cross-section modulus of
Ro-Ro ship hull girder is performed using analytical formulation. The
cross section of Ro-Ro ship is taken to be analyzed. Two Ro-Ro ships,
Type-1 and Type-2 are considered as the object ships as shown in Table
1. Both of them are designed based on the local Classification Society
rules as shown in Figs. 5 and 6.

Table 1 Ship dimensions

Ro-Ro Ship Type-1 Type-2
L (mm) 65000 50500
B (mm) 15000 14000
D (mm) 10693 10950

The Ro-Ro ships consist of three decks, which are car, pessanger and
top decks. The differences between of type-1 and type-2 Ro-Ros are
number and dimension of the stiffeners, number of cars and pessangers
and the configuration of the structural shape particularly in the bottom
part. Type-2 Ro-Ro is deeper than type-1 Ro-Ro, while type-1 Ro-Ro is
wider than type-2 Ro-Ro. One-frame space is considered in the
longitudinal direction. The material properties such as young’s modulus
and vyield strength are related to the ship’s characteristics, while
poisson’s ratio is set to be constant. The initial imperfection, welding
residual stress, damage, and crack are not considered in the analysis.
The ultimate strength is calculated for the intact only in hogging and
sagging conditions. It should be noted that there are no longitudinal
stiffeners in the bottom of Ro-Ros. Only floors in transversal direction
are placed on it. The average stress-strain relationship of each element
is derived considering buckling and yielding and integrated to the
cross-section.
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Fig. 5 Ro-Ro type-1
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Fig. 6 Ro-Ro type-2
RESULTS AND DISCUSSIONS

The ultimate strengths of Ro-Ro ships considering their section
modulus are confirmed applying the method developed by Yao and
Nikolov (1992) according to Smith’s method. In this case, the
incremental iterative approcah is adopted to obtain the ultimate strength
both under hogging and sagging condition. In the Smith’s method, the
cross section is devided into the elements composed of the stiffened
and unstiffened plates. The cross section is assumed to be remained
plane during progressive collapse and there is no interaction between
adjacent elements in the cross section. The vertical bending moment is
applied at both sides of the cross section. The cross section of the ships
are illustrated in Figs. 7 and 8, respectively. The navigation and upper
deck of Ro-Ro ships are assumed to be eliminated.
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Fig. 7 Cross section of Ro-Ro type-1

a3, Tep BESET
L bt e s
= L . . I=Q -;‘Jﬁ'
[ wimeE Tl amrmem =y g™ L L TRETEA
PRI o . “
= Bk s o
| 4o L K
im e |
: T i +ren-, 1 9 9|
s el =FF
s ol
| \\n & 11// ‘—"“"I 4"4"" s 3 P
£

T T C C I 0 J I
| L | L J g J J
L L | L g N J I
H (=

Fig. 8 Cross section of Ro-Ro type-2

The hull girder cross section is very sensitive leading to their ultimate
strength and behaviour. It is well known that there is relationship
between stress, moment, moment of inertia, neutral axis and section
modulus. These relationships are expressed in Egs. 12, 13, 14 and 15.
This is why section modulus depends on bending moment and the
section modulus can be obtained by calculating the elements. The
coresponding section modulus to the Ro-Ro ship types is shown in Fig.
9. It is observed that the section modulus for type-2 is smaller than
type-1. The characteristics of the both ship are completely different
starting from the bottom part to the deck. However, two ships consist of
three decks, but the shape configuration including number and
dimension of stiffeners and double bottom structure also give
significant influence to the section modulus and their ultimate strength.



3400 -

Ship types M hogging (kNm) Section modulus (m?3)
3300 1 Roro type-1 6.74 3338.73
% 3200 - Roro type-2 5.82 2927.12
é 3100 1 Table 3 Moment-section modulus relationship for sagging
€ 3000 - _ _ _ .
5 Ship types M sagging (kNm) Section modulus (m?)
§ 2900 Roro type-1 4.40 3338.73
2800 - Roro type-2 3.43 2927.12
2700 The relationship between moment and section modulus of two Ro-Ro
Ro-Ro type-1 Ro-Ro type-2 ships are described in Figs. 10 and 11 in hogging and sagging

conditions, respectively. The moment-section modulus relationship for
type-1 is also larger than for type-2 in hogging and sagging condition as
shown in tables 2 and 3. The shapes of the cross section for two ships
are quite different especially for type-2, because type-2 has double
bottom which is not straight line where those area consists of some

Fig. 9 Section modulus of Ro-Ro ships
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Table 2 Moment-section modulus relationship for hogging The moment-curvature relationship in hogging and sagging conditions



for Ro-Ro type-1 and type-2 are described in Figs. 12 and 13. The solid
lines express the moment-curvature relationship for Ro-Ro type-1,
while the dashed one illustrates for Ro-Ro type-2. The moment-
curvature relationship for hogging condition between type-1 and type-2
gives significant differences for the ultimate strength and beyond the
ultimate strength. This phenomenon also occurs for sagging condition.
The value of the ultimate strength is almost identic with the local
Classification Society rules.

CONCLUSIONS

The ultimate hull girder strength analysis considering section modulus
of Ro-Ro ship under longitudinal bending have been performed based
on simple formula of the local Classification Society rules and the
Smith’s method. The following conclusions are; the effect of the
section modulus on the ultimate hull girder strength is significant not
only in hogging but also sagging condition. The effect may be caused
by the structural configuration of the Ro-Ro ships such as dimensions
and number of plate and unstiffened plate, especially on the bottom part
to support car deck by some pillars.
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the section modulus. The vertical bending moments are imposed to both sides of the cross section. The ultimate
hull girder strength is calculated by considering the section modulus including their progressive collapse behavior
for Ro-Ro ship hull.
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Review has been dinished on ISOPE Paper 2018-TPC-0201

Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp> Tue, Feb 13, 2018 at 10:31 PM
To: zubairm@eng.unhas.ac.id

Dear Dr. Muis Alie,
Review has been completed on your paper. ISOPE Paper 2018-TPC-0201. Review results are attached here.

* Please read the comments and revise accordingly. If you don’t agree with certain comments, say so in your
email with the revised final manuscript (MS).

* Final (PDF) manuscript deadline is March 24. Copy your paper to the ISOPE template, which already has
correct margins and font type and size.

* The advance registration fee payment for the presenting author of each paper is due by March 24 to ensure
inclusion of your paper in the proceedings.

* Make your room reservation in February or early March to get a room at ISOPE’s special rates range from
\10,000 to \26,000 per night at many hotels for single. These rates include tax and breakfast.

To secure a room, book real early online. http://www.jtb.co.jp/ripple/isope2018/ .

Your final MS template must reach ISOPE by March 24.

u Original PDF files of the final MS: Authors must E-mail the PDF file of the paper as an attachment to
<mailto:isope@ttia.com:> : <mailto:isope-5@sbcglobal.net> isope-5@sbcglobal.net and cc: <mailto:isope-
2@isope.org> isope-2@isope.org and

u E-mail (cc) a copy of the final MS to your session organizer (S.O.) for quick re-review and approval.

The PDF files in the conference proceedings USB 3.0 made in the USA may not display any local fonts used in
PDF files, such as Asian fonts and some Russian fonts. The printer will not be able to include any PDF files with

local or missing fonts.

You are required to use Times New Roman font as specified in the attachment for text, symbols, equations and
figures. For this purpose, ISOPE's WORD-to-PDF conversion procedure is on the Template page 3.

The full version of the ISOPE-2018 conference program with some 151 sessions, plenary and keynote
presentations will be posted on <http://www.isope.org/conferences/conferences.htm> http://www.isope.org/
conferences/conferences.htm.

Best regards,

Tetsuya YAO, ISOPE-2018 Sapporo TPC member

Osaka University,

Email address: yao@naoe.eng.osaka-u.ac.jp

cc: ISOPE (isope-5@sbcglobal.net)
495 North Whisman Rd, Suite 300
Mountain View, CA 94043-5711, USA

T 1-650-254-1871; F 1-650-254-2038; <http://www.isope.org/> www.isope.org
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Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp>

Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp>

4 attachments

i Comments from reviewers.doc
j 98K

ﬂ Copyright-ISOPE-2018-EZfill.pdf
— 81K

43 Regadv-2018 Sapporo-EZ-Fill-due0110.pdf
= 101K

@ g?rélplate-Word-MS-Zm8.docx

https://mail.google.com/mail/u/0/?ik=67e75e4c72&view=pt&search=...
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https://mail.google.com/mail/u/0/?ik=67e75e4c72&view=pt&search=...

Muhammad Zubair Muis Alie, Ph.D <zubair.m@eng.unhas.ac.id>

Re: ISOPE 2018-TPC-0201

Starr Koga <isope-5@isope.org>

Reply-To: isope-5@isope.org

To: Zubair <zubairm@eng.unhas.ac.id>

Cc: Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp>

Dear Author:

This e-mail confirms your FINAL MANUSCRIPT has been received by ISOPE
Secretariat Office.
Registration form also received.

Session Organizer will soon reply if the paper requires further technical
changes or issue Formal Acceptance notice.

Additional information will be sent after the file has been checked by our
Printer.
Thank you.

Best regards,

Mrs. Starr Koga, Admin. Asst.

ISOPE-2018 Secretariat Office

International Society of Offshore & Polar Engineers (ISOPE)
495 North Whisman Road, Suite 300

Mountain View, California 94043-5711, USA

www.isope.org

Tel: 1-650-254-1871; Fax: 1-650-254-2038
isope-5@sbcglobal.net

If your mail to us at "@sbcglobal.net" is blocked by our ISP, please send
to:
isope-5@isope.org OR isope@isopemail.org. Thank you for your patience.

From: Zubair [mailto:zubairm@eng.unhas.ac.id]
Sent: Sunday, February 25, 2018 2:02 PM

To: Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp>
Cc: Starr Koga <isope-5@isope.org>

Subject: ISOPE 2018-TPC-0201

Dear Professor Tetsuya YAO
cc : Mrs. Starr Koga

Attachment, please find Full Paper of ISOPE 2018-TPC-0201, answer from
the author and Registration Form.

Faithfully yours,
Muhammad Zubair Muis Alie

Tue, Feb 27, 2018 at 5:57 AM
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4 Muhammad Zubair Muis Alie, Ph.D <zubair.m@eng.unhas.ac.id>
Universitas

ISOPE-2018 Sapporo - 2018-TPC-0201 PDF format - OK and Author Info

Starr Koga <isope-5@sbcglobal.net> Thu, Mar 1, 2018 at 6:00 AM
Reply-To: isope-5@sbcglobal.net

To: Zubair <zubairm@eng.unhas.ac.id>

Cc: "Prof. Tetsuya Yao" <yao@naoe.eng.osaka-u.ac.jp>

Dear Corresponding Author,

Thank you for your manuscript (MS) PDF file for the ISOPE-2018 Sapporo Conference. The display of your PDF
file on our monitor indicates our printer can use it for the conference proceedings.

* If you haven't already done so, immediately e-mail the PDF file to your S.O. for approval.
* Your session organizer (S.0.) will promptly check your compliance with the reviewer comments, then issue an
acceptance or rejection letter.

For Your Action: Always check for conference updates at: http://www.isope.org/
conferences/conferences.htm > ISOPE-2018 Sapporo.

* The presenting author of each paper must advance register by March 24 (if not yet done) to ensure inclusion of
your peer-reviewed paper in the ISOPE-2018 Proceedings. The printer uses the registration list to include the
individual papers.

* Make hotel reservation (online only): http://www.jtb.co.jp/ripple/lisope2018 by early March to secure a room
at the special ISOPE rates. The venue is Royton Sapporo Hotel. You may also find other hotels on internet.

* E-mail any special equipment request (e.g., video) to rent at your expense to ISOPE (isope-
2@isope.org) by May 12. Projector/Laptop are available in each session room.

* The conference session and paper list: Near the end of February, g%o to http://www.isope.org/
conferences/conferences.htm > ISOPE-2018 > paper and sessionlist.

Apsply now for an entry visa to Japan. Citizens of some countries are required to have an entry visa
-- See the general information from the Visa application form.

*

Visa application form. The form is available from the Consulate Office of Japan in your country,
or in Google, search for Visa Application for Japan > VISAS. If the Consulate requires you to submit
an official letter of invitation, it will be provided upon request, after your advance registration is
complete.

* Sightseeing tour: General information will be available later at http://www.isope.org/
conferences/conferences.htm > ISOPE-2018.

* Tips for Paper Writing and Presentation at ISOPE Conference — We have already sent to you. Also available
at http://www.isope.org/conferences/conferences.htm > ISOPE-2018.

Use font size 24 point or bigger for your Power point presentation. Do not just copy and read the text of your
paper.

* Laptops with MS Office and LCD Projectors are available in every session room for presentation and practice. In
case you can'’t plug in your computer to the projector in 5 minutes, the chair can ask the next speaker to take over
to avoid delay.

After checking the PDF file of your final MS and your S.O.’s letter, the TPC expects to include some 650+ peer-
reviewed papers in the ISOPE-2018 Conference Proceedings out of more than 1,300+ abstracts.

01/04/2023, 13:36
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* We invite you to join ISOPE (Form on ISOPE website), which includes subscription to ISOPE Transactions
Journal.

Sincerely yours,

ISOPE TPC (meetings@isope.org; Fax 1-650-254-2038; Tel 1-650-254-1871)
495 North Whisman Road, Suite 300
Mountain View, CA 94043-5711, USA

Attachments: PPT presentation + self- introduction template, PPT presentation tips, Conference Registration

3 attachments

-3 ISOPE PowerPointPresent-Guide-2014jc.pdf
— 15K

-i_-l Regadv-2018 Sapporo-EZ-Fill-due0324-Seal.pdf
— 251K

@ ISOPE PPT Template-2018-bio(2)-use-.ppt
277K
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‘ Muhammad Zubair Muis Alie, Ph.D <zubair.m@eng.unhas.ac.id>
Universitas

ISOPE-2018 Conference Registration Complete for 2018-TPC-0201 - Entry
Visal/lnvitation Letter info.

Starr Koga <isope-5@sbcglobal.net> Fri, Mar 2, 2018 at 8:10 AM
Reply-To: isope-5@sbcglobal.net
To: Zubair <zubairm@eng.unhas.ac.id>

Dear Dr. Muis Alie:

Your conference registration is complete and we look forward to seeing you in Sapporo in June!

(note, this does not include your wife’s banquet ticket. That charge has not been processed yet.)

PDF-RECEIPT for your registration is attached.

All attendees will need to present photo ID at the conference registration desk to pick up name badge and
conference materials.

See below for important information regarding Entry Visa for travel to Japan.

To all ISOPE-2018 Conference Attendees:

Some persons may need an Entry Visa to travel to Japan for the Conference.
As of July 2017, Japan has Visa Exemption Arrangements with 68 countries and regions. To see if the
passport you hold will exempt you from requiring an entry visa, visit: http://www.mofa.go.jp/j_info/
visit/visa/short/novisa.html .

If you hold a passport from a country not listed on that page, please visit: http://www.mofa.go.jp/j_info/
visit/visa/index.html for more detail on what is required for your individual case.

For those who must apply for an entry visa, you may need a Letter of Invitation from ISOPE.

Complete the attached “2018-Invitation Letter Request Form” and return to ISOPE-5.

ISOPE is allowed to issue an official letter of invitation on behalf of the conference co-chairs for your application of
entry visa to the USA only after you have:

1. Advance Registered and
2. Submitted Paper for Review

(e-mail to Session Organizer and cc: to isope-5@sbcglobal.net OR isope-5@isope.org )

In addition, on the Ministry of Foreign Affairs of Japan, official “Visa Application Form to Enter Japan,” you will
need the following information entered in these fields:

For “Purpose of visit to Japan” — enter “Participate in ISOPE-2018 Sapporo Conference”

For “Guarantor or reference in Japan” — enter:

01/04/2023, 13:36
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Name: Dr. Hiromitsu Kitagawa

Tel.: 81-3-5157-5206

Address: 1-15-16 Sasakawa Peace Foundation Bldg. 6F, Minato-Ku, Tokyo

Date of birth: 30/11/1935

Sex: Male

Relationship to applicant: Co-chair of International Conference, ISOPE-2018 Sapporo

Profession or occupation and position: Visiting Research Fellow, OPRI, Sasakawa Peace

Foundation
Nationality and immigration status: Japanese

For “Inviter in Japan” — enter: “SAME AS ABOVE”

Entry Visa application process can take many weeks, and even sometimes more than one month to complete.
PLEASE start the process as early as possible to ensure that you can attend the conference to present your

paper!

* Make your room reservation in February or early March to get a room at ISOPE’s special rates ranging from
¥10,000 to ¥26,000 per night at many hotels for single. These rates include tax and breakfast.

To secure a room, book real early online. http://www.jtb.co.jp/ripple/isope2018/

ISOPE office does not handle reservations, reserve directly through this link.

We look forward to meeting you at the Conference and to your presentation.

Best regards,

ISOPE-2018 Secretariat Office

International Society of Offshore & Polar Engineers (ISOPE)
495 North Whisman Road, Suite 300

Mountain View, California 94043-5711, USA

www.isope.org

Tel: 1-650-254-1871; Fax: 1-650-254-2038
isope-5@sbcglobal.net

If your mail to us at "@sbcglobal.net" is blocked by our ISP_please send to:

isope-5@isope.org OR isope@isopemail.org. Thank you for your patience.

3 attachments

oy 2018-Invitation Letter Request EZ-fill.pdf
541K

https://mail.google.com/mail/u/0/?ik=67e75e4c72&view=pt&search=...
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;j 2018 Reg Recpt MuisAlie,MZ-TPC-0201.pdf
— 129K
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Muhammad Zubair Muis Alie, Ph.D <zubair.m@eng.unhas.ac.id>

Re: Review results on ISOPE Paper 2018-TPC-0201

Tetsuya YAO <yao@naoe.eng.osaka-u.ac.jp> Fri, Mar 16, 2018 at 8:56 AM
To: Zubair <zubairm@eng.unhas.ac.id>
Cc: Starr Koga <isope-5@sbcglobal.net>

Dear Dr. Muhammad Zubair Muis Alie,
Thank you for sending me your revised manuscript.

Congratulations! It is my pleasure to inform you that your paper has been accepted for the annual ISOPE 2018
Conference, Sapporo, June 10-15, 2018. The Technical Program Committee (TPC) will follow up with additional
details.

The printer will include your final revised paper in the conference proceedings only after ISOPE receives the
copyright form (isope-2@isope.org) and the advance conference registration from one author by March 24.

The revised final paper in PDF should have correctly followed the instructions on the template. Follow
instructions carefully regarding margin, format, font (must use Times New Roman, not local font), “High Quality
Print” or “Press Quality” PDF-conversion procedure, etc. You should have emailed the final PDF (with companion
Word file) to isope-5@sbcglobal.net and cc: isope-2@isope.org.

Normally, each author is given 15 minutes for presentation and 5 minutes for discussion, with more time for
plenary, keynote and review papers. A laptop and an LCD projector are available in each session room. The
author biography is one of your PowerPoint presentation slides (PPT Template is attached-view Slide Master to
edit). You should have received or will receive the full conference program by email and session table by mail ? in
early March.

You can download registration form, and Program from <http://www.isope.org/conferences/conferences.htm>
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ABSTRACT

The ship hull girder is very esential to againts the internal loads, particularly the external
loads such as pressure and wave loads. The hull girder play an important role in the
investigation for the ultimate strength calculation. The objective of the present study is to
assess the ultimate hull girder strength taking the section modulus into account under
longitudinal bending. A Ro-Ro Ship is taken as the object of the ship. A Ro-Ro Ship has
a unique character because most of the longitudinal elements locate above neutral axis.
While there are not the longitudinal elements under the neutral axis particularly at the
bottom part so that the bottom part consists plate only. The Ro-Ro ship consists of some
decks such as car, passenger and top. According to these, it is absolutely different the
section modulus on the car, passenger and top deck. The distance between car, passenger
and top deck are also different. Therefore, the section modulus for above and under the
neutral axis must be investigated toward the ultimate strength and their progressive
collapse behavior for car, passenger and top deck. In this regard, the elements attached on
those decks must be assessed in more detail for deformation under longitudinal bending.
The simple expression implemented into in-house program to calculate the section
modulus of ship cross section is performed. The cross section is assumed to be remained
plane and the simply supported of boundary condition is applied. The ultimate strength of
ship’s hull is calculated under hogging and sagging conditions. The hull girder of Ro-Ro
ship is devided into elements compose plate and stiffened plates to calculate the section
modulus. The vertical bending moments are imposed to both sides of the cross section.
The ultimate hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.

Keywords: Ship hull, cross section, section modulus, ultimate strength
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ABSTRACT

The objective of the present study is to assess the ultimate hull girder
strength taking the section modulus into account under longitudinal
bending. A Ro-Ro Ship is taken as object ship. A Ro-Ro Ship has a
unique character because most of the longitudinal elements locate
above neutral axis. While there are not the longitudinal elements under
the neutral axis particularly at the bottom part so that the bottom part
consists plate only. The simple expression implemented into in-house
program to calculate the section modulus of ship cross section is
performed. The cross section is assumed to be remained plane and the
simply supported of boundary condition is imposed on plate and
stiffened plate elements in the cross section. The vertical bending
moments are imposed to both sides of the cross section. The ultimate
hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.

KEY WORDS:
ultimate strength.

Ship hull; cross section; section modulus;

INTRODUCTION

The Ro-Ro ship is one of the ship types which transport the cargo in
horizontal direction and eliminate the need for onboard or deckside lift-
on and/or lift off instrument. The Ro-Ro ship has been innovated to
carry processed forest product, lumber, playwood, cars and many
things. Ro-Ros are an imprortant connection for the intermodal
transportation network. In this regard, the section modulus could be one
of the important parameters from the viewpoint of assessing the
ultimate strength of all the decks on which cars, passengers and so on
are put. In spite of human error, the structural degradation during
loading and unloading gives impact to the ultimate strength of ship’s
hull.

The ultimate hull girder strength of merchant ships including Ro-Ro
ship has been assessed by some researchers. Kukkanen, T and
Matusiak, J (2014) presented the numerical and experimental results of
nonlinear wave loads. A nonlinear time domain method had been
developed and the theoretical background of the method were provided.
The method was based on the source formulation expressed by means

of the transient three-dimensional Green function. The time derivative
of the velocity potential in Bernoulli’s equation was solved with similar
source formulation to that of the perturbation velocity potential.
Korkut, E et al (2005) carried out measurements of global loads acting
on a Ro-Ro model in regular waves for intact and damaged conditions.
The stationary model was tested in different wave heights and wave
frequencies for the head, beam and stern quartering seas in order to
explore the effect of damages and wave heights on the global loads
acting on the model. The analysis of the result indicated that the
damages had an adverse effect on the loading conditions on the model
depending upon the directionality of the waves and frequency range
applied. This effect might cause structural damage on the ship and
danger the safety of the ship and passenger on board. Kim, D.H and
Paik, J.K (2017) developed a fully automated methodology for the
optimum design of hull structural scantlings for merchant cargo ships
that were modelled by plate-shell finite elements. A full optimization
technique with multi-objectives was applied for minimizing structural
weight and maximizing structural safety, as per design constraints
associated with the ultimate limit states of the plate panels, support
members and hull girders. The developed procedure was applied to the
hull structural scantlings of a very large crude oil carrier (VLCC), and
the test demonstrated the procedure’s capacity to meet the strength
requirements of common structural rules. Muis Alie, M.Z et al (2016)
investigate the influence of superstructure on the longitudinal ultimate
strength of a Ro-Ro ship. To investigate the ultimate strength, the
Smith’s method was adopted and implemented into the thin-walled
beam. The cross section of Ro-Ro ship was taken to be analyzed. Muis
Alie, M.Z et al (2017) assessed the ultimate hull girder strength of Ro-
Ro ship after damaged. The cross section of Ro-Ro was taken to be
analyzed. The collision and grounding damages were assumed to be
placed on the side and bottom area. The damages were created by
removing the element from the side shell and bottom parts. Finally, the
result obtained was compared with one another. Also, the progressive
collapse analysis of ship hull girder based on Smith’s method was
developed by Yao and Nikolov (1992). Naar, H et al (2004) described a
couple beam method, which estimate elastic response in the
longitudinal bending of a passenger ship with a large multi-deck
superstructure. The method could be applied during an early project
stage, when detailed three-dimensional finite element modelling was
not yet possible. The theory was based on assumption that each deck in
the superstructure and also the main hull could be considered as thin-



walled beam.

In the present study, the ultimate hull girder strength analysis is
assessed considering the section modulus. The cross section of a Ro-Ro
ship is considered to be analyzed. Bottom part, car and passenger decks
are calculated for the section modulus where those located above and/or
under the neutral axis. Their result is investigated toward the ultimate
strength for the global structure.

ANALYTICAL SOLUTION

The section modulus of ship indicates the ship strength not only in
longitudinal but also transversal direction. The classification societies
have been stated requirements so that the section modulus should be
greater than a prescribed value. It is well known that ship structural
characteristics affect significantly on the ultimate strength depending
on the cargo types, configuration of structural scantling and so on. The
fundamental theory of strength of material may be used for calculating
the section modulus of the ship hull cross section. In structural
modelling, the ship hull cross section is idealized by stiffened and
unstiffened plate combination. Fig. 1 shows the cross section of Ro-Ro
ship and Fig. 2 the typical type of stiffened plate with attached plating.
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Fig. 2 Typical type of stiffened plate with attached plating

The profile and consists of web, flange and attached plating including
the neutral axis (N-A) are shown in Fig. 2. The moment of inertia of the

profile may be expressed as
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The location of the neutral axis, g, of the full cross section as shown in
Fig. 1 above the base line can be obtained by assuming that all
longitudinal strength elements are fully effective, those are

g XA ©)
2A
where A is the cross-sectional area of the i th plate stiffener element

with fully attached plating and z, is the coordinate of the i-th element,

z = 0is taken at the base line. The moment of inertia of the hull cross
section is calculated by the following formula

Iy:ZAi(Zi_g)z"'ziyi ™

Where iy; is the moment of inertia of each element such as stiffener,

plate between stiffeners with respect to the neutral axis of each element.
The local classification society rules determines the moment of inertia
by the following approach

I, =3x107W = ®)
k

where W, L and k are the section modulus, lenght of ship and
material factor (BKI, 2017). According to the formula, the material
factor is very important to obtain moment of inertia. The section moduli
at the deck and bottom part denoted by w, and w, are given by

W, = (©)
D D _ g
W, - 'g (10)

where D represents as the ship’s depth. According to local
Classification Society rules, the section modulus related to deck w,

and bottom W, , respectively can be obtained by the following formula



W::f\MT\ (11)

where f , M, and o, are the factor depending on the degree of deck

opening, total bending moment (Nmm) and permissible longitudinal
bending stress (N/mm?), respectively.

The stress components on deck and bottom part can be obtained by
using simple expression as follow,

o= @ (12)

o (13)

_M
W

where M is the moment on the deck and/or bottom part in hogging and
sagging conditions. Here, Egs. (12) and (13) can be simply expressed as

Mg _M o
| W

Here, the section modulus can be obtained as

wol (15)
g

In the Smith’s method, which is applied in the program code developed
by Yao and Nikolov (1992) is used. The explanation is briefly
described such as the axial stress o; corresponding to the axial strain

g, is given by the average stress-average strain relationship for the

individual elements as illustrated in Fig. 3. The average stress-average
strain relationship is derived considering of buckling and yielding

o= 1,(¢) (16)

Fig.3 Average stress-average strain relationship for structural element

where f,(0)=0. The axial force P, the vertical bending moment M, ,
and the horizontal bending moment M, can be obtained by integrating
axial stresses over the intact part of cross section as

P:zo'iA =0 17

M, :Zo-i(yi_g)A (18)

My :io-izipﬁ (19)

The y and z are the coordinates of the cross section measured from the
origin at the bottom keel as shown in Fig. 4.
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Fig.4 The coordinate systems of the cross section

When the axial load is added to bi-axial bending, the stiffness
equation is expressed in term of general formula,

AP Dim Day Duy || Ag
AMy r=Dy Duy Dy [{A4 (20)

aM, | [D, D, D, |lAd

Where

AP : increment of axial force

AM,,  :increment of horizontal bending moment
AM,,  :increment of vertical bending moment
Ag : increment of axial displacement

Ad, : increment of horizontal curvature

Ad, : increment of vertical curvature

and the tangential stiffness of the cross section are written as

DMziQA 1)

Day =Dua = 2. DiYiA (22)
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METHODOLOGY

The ultimate strength analysis considering the cross-section modulus of
Ro-Ro ship hull girder is performed using analytical formulation. The
cross section of Ro-Ro ship is taken to be analyzed. Two Ro-Ro ships,
Type-1 and Type-2 are considered as the object ships as shown in Table
1. Both of them are designed based on the local Classification Society
rules as shown in Figs. 5 and 6.

Table 1 Ship dimensions

Ro-Ro Ship Type-1 Type-2
L (mm) 65000 50500
B (mm) 15000 14000
D (mm) 10693 10950

The Ro-Ro ships consist of three decks, which are car, pessanger and
top decks. The differences between of type-1 and type-2 Ro-Ros are
number and dimension of the stiffeners, number of cars and pessangers
and the configuration of the structural shape particularly in the bottom
part. Type-2 Ro-Ro is deeper than type-1 Ro-Ro, while type-1 Ro-Ro is
wider than type-2 Ro-Ro. One-frame space is considered in the
longitudinal direction. The material properties such as young’s modulus
and vyield strength are related to the ship’s characteristics, while
poisson’s ratio is set to be constant. The initial imperfection, welding
residual stress, damage, and crack are not considered in the analysis.
The ultimate strength is calculated for the intact only in hogging and
sagging conditions. It should be noted that there are no longitudinal
stiffeners in the bottom of Ro-Ros. Only floors in transversal direction
are placed on it. The average stress-strain relationship of each element
is derived considering buckling and yielding and integrated to the
cross-section.
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Fig. 6 Ro-Ro type-2
RESULTS AND DISCUSSIONS

The ultimate strengths of Ro-Ro ships considering their section
modulus are confirmed applying the method developed by Yao and
Nikolov (1992) according to Smith’s method. In this case, the
incremental iterative approcah is adopted to obtain the ultimate strength
both under hogging and sagging condition. In the Smith’s method, the
cross section is devided into the elements composed of the stiffened
and unstiffened plates. The cross section is assumed to be remained
plane during progressive collapse and there is no interaction between
adjacent elements in the cross section. The vertical bending moment is
applied at both sides of the cross section. The cross section of the ships
are illustrated in Figs. 7 and 8, respectively. The navigation and upper
deck of Ro-Ro ships are assumed to be eliminated.
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Fig. 7 Cross section of Ro-Ro type-1
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Fig. 8 Cross section of Ro-Ro type-2

The hull girder cross section is very sensitive leading to their ultimate
strength and behaviour. It is well known that there is relationship
between stress, moment, moment of inertia, neutral axis and section
modulus. These relationships are expressed in Egs. 12, 13, 14 and 15.
This is why section modulus depends on bending moment and the
section modulus can be obtained by calculating the elements. The
coresponding section modulus to the Ro-Ro ship types is shown in Fig.
9. It is observed that the section modulus for type-2 is smaller than
type-1. The characteristics of the both ship are completely different
starting from the bottom part to the deck. However, two ships consist of
three decks, but the shape configuration including number and
dimension of stiffeners and double bottom structure also give
significant influence to the section modulus and their ultimate strength.



Table 2 Moment-section modulus relationship for hogging

3400 ~
Ship types M hogging (kNm) Section modulus (m?3)
3300 1 Roro type-1 6.74 3338.73
= 3200 - Roro type-2 5.82 2927.12
3
= 3100 1 Table 3 Moment-section modulus relationship for sagging
€ 3000 - _ _ _
= Ship types M sagging (kNm) Section modulus (m®)
g 2900 - Roro type-1 4.40 3338.73
2800 - Roro type-2 3.43 2927.12
2700 The relationship between moment and section modulus of two Ro-Ro
Ro-Ro type-1 Ro-Ro type-2 ships are described in Figs. 10 and 11 in hogging and sagging

conditions, respectively. The moment-section modulus relationship for
type-1 is also larger than for type-2 in hogging and sagging condition as
shown in tables 2 and 3. The shapes of the cross section for two ships
are quite different especially for type-2, because type-2 has double
bottom which is not straight line where those area consists of some

Fig. 9 Section modulus of Ro-Ro ships
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The moment-curvature relationship in hogging and sagging conditions
for Ro-Ro type-1 and type-2 are described in Figs. 12 and 13. The solid
lines express the moment-curvature relationship for Ro-Ro type-1,
while the dashed one illustrates for Ro-Ro type-2. The moment-
curvature relationship for hogging condition between type-1 and type-2
gives significant differences for the ultimate strength and beyond the
ultimate strength. This phenomenon also occurs for sagging condition.
The value of the ultimate strength is almost identic with the local
Classification Society rules.

CONCLUSIONS

The ultimate hull girder strength analysis considering section modulus
of Ro-Ro ship under longitudinal bending have been performed based
on simple formula of the local Classification Society rules and the
Smith’s method. The following conclusions are; the effect of the
section modulus on the ultimate hull girder strength is significant not
only in hogging but also sagging condition. The effect may be caused
by the structural configuration of the Ro-Ro ships such as dimensions
and number of plate and unstiffened plate, especially on the bottom part
to support car deck by some pillars.
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ABSTRACT

The objective of the present study is to assess the ultimate hull girder
strength taking the section modulus into account under longitudinal
bending. A Ro-Ro Ship is taken as object ship. A Ro-Ro Ship has a
unique character because most of the longitudinal elements locate
above neutral axis. While there are not the longitudinal elements under
the neutral axis particularly at the bottom part so that the bottom part
consists plate only. The simple expression implemented into in-house
program to calculate the section modulus of ship cross section is
performed. The cross section is assumed to be remained plane and the
simply supported of boundary condition is imposed on plate and
stiffened plate elements in the cross section. The vertical bending
moments are imposed to both sides of the cross section. It is found that
the effect of the section modulus on the ultimate hull girder strength is
significant not only in hogging but also sagging condition. The ultimate
hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.
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INTRODUCTION

The Ro-Ro ship is one of the ship types which transport the cargo in
horizontal direction and eliminate the need for onboard or deckside lift-
on and/or lift off instrument. The Ro-Ro ship has been innovated to
carry processed forest product, lumber, playwood, cars and many
things. Ro-Ros are an imprortant connection for the intermodal
transportation network. In this regard, the section modulus could be one
of the important parameters from the viewpoint of assessing the
ultimate strength of all the decks on which cars, passengers and so on
are put. In spite of human error, the structural degradation during
loading and unloading gives impact to the ultimate strength of ship’s
hull.

The ultimate hull girder strength of merchant ships including Ro-Ro
ship has been assessed by some researchers. Kukkanen, T and
Matusiak, J (2014) presented the numerical and experimental results of
nonlinear wave loads. A nonlinear time domain method had been

developed and the theoretical background of the method were provided.
The method was based on the source formulation expressed by means
of the transient three-dimensional Green function. The time derivative
of the velocity potential in Bernoulli’s equation was solved with similar
source formulation to that of the perturbation velocity potential.
Korkut, E et al (2005) carried out measurements of global loads acting
on a Ro-Ro model in regular waves for intact and damaged conditions.
The stationary model was tested in different wave heights and wave
frequencies for the head, beam and stern quartering seas in order to
explore the effect of damages and wave heights on the global loads
acting on the model. The analysis of the result indicated that the
damages had an adverse effect on the loading conditions on the model
depending upon the directionality of the waves and frequency range
applied. This effect might cause structural damage on the ship and
danger the safety of the ship and passenger on board. Kim, D.H and
Paik, J.K (2017) developed a fully automated methodology for the
optimum design of hull structural scantlings for merchant cargo ships
that were modelled by plate-shell finite elements. A full optimization
technique with multi-objectives was applied for minimizing structural
weight and maximizing structural safety, as per design constraints
associated with the ultimate limit states of the plate panels, support
members and hull girders. The developed procedure was applied to the
hull structural scantlings of a very large crude oil carrier (VLCC), and
the test demonstrated the procedure’s capacity to meet the strength
requirements of common structural rules. Muis Alie, M.Z et al (2016)
investigate the influence of superstructure on the longitudinal ultimate
strength of a Ro-Ro ship. To investigate the ultimate strength, the
Smith’s method was adopted and implemented into the thin-walled
beam. The cross section of Ro-Ro ship was taken to be analyzed. Muis
Alie, M.Z et al (2017) assessed the ultimate hull girder strength of Ro-
Ro ship after damaged. The cross section of Ro-Ro was taken to be
analyzed. The collision and grounding damages were assumed to be
placed on the side and bottom area. The damages were created by
removing the element from the side shell and bottom parts. Finally, the
result obtained was compared with one another. Also, the progressive
collapse analysis of ship hull girder based on Smith’s method was
developed by Yao and Nikolov (1992). Naar, H et al (2004) described a
couple beam method, which estimate elastic response in the
longitudinal bending of a passenger ship with a large multi-deck
superstructure. The method could be applied during an early project
stage, when detailed three-dimensional finite element modelling was



not yet possible. The theory was based on assumption that each deck in
the superstructure and also the main hull could be considered as thin-
walled beam.

In the present study, the ultimate hull girder strength analysis is
assessed considering the section modulus. The cross section of a Ro-Ro
ship is considered to be analyzed. Bottom part, car and passenger decks
are calculated for the section modulus where those located above and/or
under the neutral axis. Their result is investigated toward the ultimate
strength for the global structure.

ANALYTICAL SOLUTION

The section modulus of ship indicates the ship strength not only in
longitudinal but also transversal direction. The classification societies
have been stated requirements so that the section modulus should be
greater than a prescribed value. It is well known that ship structural
characteristics affect significantly on the ultimate strength depending
on the cargo types, configuration of structural scantling and so on. The
fundamental theory of strength of material may be used for calculating
the section modulus of the ship hull cross section. In structural
modelling, the ship hull cross section is idealized by stiffened and
unstiffened plate combination. Fig. 1 shows the cross section of Ro-Ro
ship and Fig. 2 the typical type of stiffened plate with attached plating.
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Fig. 2 Typical type of stiffened plate with attached plating

The profile and consists of web, flange and attached plating including
the neutral axis (N-A) are shown in Fig. 2. The moment of inertia of the
profile may be expressed as
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The location of the neutral axis, g, of the full cross section as shown in
Fig. 1 above the base line can be obtained by assuming that all
longitudinal strength elements are fully effective, those are

o= %A;lz, (6)

where A, is the cross-sectional area of the i th plate stiffener element

with fully attached plating and z, is the coordinate of the i-th element,

z = (1is taken at the base line. The moment of inertia of the hull cross
section is calculated by the following formula

I, = zAi(Zi _g)z +Ziyi @)

Where iy, is the moment of inertia of each element such as stiffener,

plate between stiffeners with respect to the neutral axis of each element.
The local classification society rules determines the moment of inertia
by the following approach

I,=3x10" wk ®)
k

where W, L and k are the section modulus, lenght of ship and
material factor (BKI, 2017). According to the formula, the material
factor is very important to obtain moment of inertia. The section moduli
at the deck and bottom part denoted by W, and W, are given by

I
W, =— )
D-g
I
W, =~ (10)
g

where D represents as the ship’s depth. According to local
Classification Society rules, the section modulus related to deck W,



and bottom ¥/, , respectively can be obtained by the following formula

an

. M|
V=10
Uﬁ
where f, M, and o, are the factor depending on the degree of deck
opening, total bending moment (Nmm) and permissible longitudinal

bending stress (N/mm?), respectively.

The stress components on deck and bottom part can be obtained by
using simple expression as follow,

s=Mg (12)
I

oM (13)
w

where M is the moment on the deck and/or bottom part in hogging and
sagging conditions. Here, Egs. (12) and (13) can be simply expressed as

Mg M (14)
1 w

Here, the section modulus can be obtained as

W = (15)

I
g

In the Smith’s method, which is applied in the program code developed
by Yao and Nikolov (1992) is used. The explanation is briefly
described such as the axial stress o, corresponding to the axial strain
g, is given by the average stress-average strain relationship for the

individual elements as illustrated in Fig. 3. The average stress-average
strain relationship is derived considering of buckling and yielding

o= f(e) (16)

Fig.3 Average stress-average strain relationship for structural element

where f,(0)=0. The axial force P, the vertical bending moment M, ,
and the horizontal bending moment M, can be obtained by integrating
axial stresses over the intact part of cross section as

N
P=ZG,A,. =0 (17)
i=1
N
Mszo-i(yi_g)Ai (18)
i=1
N
M, =Y 0,24, (19)

The y and z are the coordinates of the cross section measured from the
origin at the bottom keel as shown in Fig. 4.
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Fig.4 The coordinate systems of the cross section

When the axial load is added to bi-axial bending, the stiffness
equation is expressed in term of general formula,

AP D, D, D, || Ae
AM, +=|Dy; Dyy Dy 1Ay (20)
A1\4V DVA DVI[ DVV A¢V
Where
AP : increment of axial force
AM,,  :increment of horizontal bending moment
AM, : increment of vertical bending moment
Ae : increment of axial displacement
Ag, : increment of horizontal curvature
Ag, : increment of vertical curvature

and the tangential stiffness of the cross section are written as

D, =Y DA, 1)
i=1



D, =Dy, = < D,y 4 (22)
D,, = ,:1 Dy’ A4, (23)
D, =D, = ,:1 Dz, 4 (24)
D,, = gDizfAi (25)
D,, =D, = ,:1 D,y,z, 4 (26)

METHODOLOGY

The ultimate strength analysis considering the cross-section modulus of
Ro-Ro ship hull girder is performed using analytical formulation. The
cross section of Ro-Ro ship is taken to be analyzed. Two Ro-Ro ships,
Type-1 and Type-2 are considered as the object ships as shown in Table
1. Both of them are designed based on the local Classification Society
rules as shown in Figs. 5 and 6.

Table 1 Ship dimensions

Ro-Ro Ship Type-1 Type-2
L (mm) 65000 50500
B (mm) 15000 14000
D (mm) 10693 10950

The Ro-Ro ships consist of three decks, which are car, pessanger and
top decks. The differences between of type-1 and type-2 Ro-Ros are
number and dimension of the stiffeners, number of cars and pessangers
and the configuration of the structural shape particularly in the bottom
part. Type-2 Ro-Ro is deeper than type-1 Ro-Ro, while type-1 Ro-Ro is
wider than type-2 Ro-Ro. One-frame space is considered in the
longitudinal direction. The material properties such as young’s modulus
and yield strength are related to the ship’s characteristics, while
poisson’s ratio is set to be constant. The initial imperfection, welding
residual stress, damage, and crack are not considered in the analysis.
The ultimate strength is calculated for the intact only in hogging and
sagging conditions. It should be noted that there are no longitudinal
stiffeners in the bottom of Ro-Ros. Only floors in transversal direction
are placed on it. The average stress-strain relationship of each element
is derived considering buckling and yielding and integrated to the
cross-section.
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Fig. 6 Ro-Ro type-2
RESULTS AND DISCUSSIONS

The ultimate strengths of Ro-Ro ships considering their section
modulus are confirmed applying the method developed by Yao and
Nikolov (1992) according to Smith’s method. In this case, the
incremental iterative approcah is adopted to obtain the ultimate strength
both under hogging and sagging condition. In the Smith’s method, the
cross section is devided into the elements composed of the stiffened
and unstiffened plates. The cross section is assumed to be remained
plane during progressive collapse and there is no interaction between
adjacent elements in the cross section. The vertical bending moment is
applied at both sides of the cross section. The cross section of the ships
are illustrated in Figs. 7 and 8, respectively. The navigation and upper
deck of Ro-Ro ships are assumed to be eliminated.
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Fig. 7 Cross section of Ro-Ro type-1
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Fig. 8 Cross section of Ro-Ro type-2

The hull girder cross section is very sensitive leading to their ultimate
strength and behaviour. It is well known that there is relationship
between stress, moment, moment of inertia, neutral axis and section
modulus. These relationships are expressed in Eqgs. 12, 13, 14 and 15.
This is why section modulus depends on bending moment and the
section modulus can be obtained by calculating the elements. The
coresponding section modulus to the Ro-Ro ship types is shown in Fig.
9. It is observed that the section modulus for type-2 is smaller than
type-1. The characteristics of the both ship are completely different
starting from the bottom part to the deck. However, two ships consist of
three decks, but the shape configuration including number and
dimension of stiffeners and double bottom structure also give
significant influence to the section modulus and their ultimate strength.
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Ship types M hogging (kNm) Section modulus (m?)
3300 Roro type-1 6.74 3338.73
Y 3200 Roro type-2 5.82 2927.12
:; 3100 + Table 3 Moment-section modulus relationship for sagging
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g Ship types M sagging (kNm) Section modulus (m?)
§ 2900 - Roro type-1 4.40 3338.73
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Ro-Ro type-1 Ro-Ro type-2 ships are described in Figs. 10 and 11 in hogging and sagging
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Fig. 9 Section modulus of Ro-Ro ships type-1 i_s also larger than for type-2 in hogging and sagging condition. as
shown in tables 2 and 3. The shapes of the cross section for two ships
are quite different especially for type-2, because type-2 has double
bottom which is not straight line where those area consists of some
71 pillars. The pillars attached on the vertical plate to overcome the
6 - structural deformation at the car deck.
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for Ro-Ro type-1 and type-2 are described in Figs. 12 and 13. The solid
lines express the moment-curvature relationship for Ro-Ro type-1,
while the dashed one illustrates for Ro-Ro type-2. The moment-
curvature relationship for hogging condition between type-1 and type-2
gives significant differences for the ultimate strength and beyond the
ultimate strength. This phenomenon also occurs for sagging condition.
The value of the ultimate strength is almost identic with the local
Classification Society rules.

CONCLUSIONS

The ultimate hull girder strength analysis considering section modulus
of Ro-Ro ship under longitudinal bending have been performed based
on simple formula of the local Classification Society rules and the
Smith’s method. The following conclusions are; the effect of the
section modulus on the ultimate hull girder strength is significant not
only in hogging but also sagging condition. The effect may be caused
by the structural configuration of the Ro-Ro ships such as dimensions
and number of plate and unstiffened plate, especially on the bottom part
to support car deck by some pillars.
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ABSTRACT

The objective of the present study is to assess the ultimate hull girder
strength taking the section modulus into account under longitudinal
bending. A Ro-Ro Ship is taken as object ship. A Ro-Ro Ship has a
unique character because most of the longitudinal elements locate
above neutral axis. While there are not the longitudinal elements under
the neutral axis particularly at the bottom part so that the bottom part
consists plate only. The simple expression implemented into in-house
program to calculate the section modulus of ship cross section is
performed. The cross section is assumed to be remained plane and the
simply supported of boundary condition is imposed on plate and
stiffened plate elements in the cross section. The vertical bending
moments are imposed to both sides of the cross section. The ultimate
hull girder strength is calculated by considering the section modulus
including their progressive collapse behavior for Ro-Ro ship hull.
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INTRODUCTION

The Ro-Ro ship is one of the ship types which transport the cargo in
horizontal direction and eliminate the need for onboard or deckside lift-
on and/or lift off instrument. The Ro-Ro ship has been innovated to
carry processed forest product, lumber, playwood, cars and many
things. Ro-Ros are an imprortant connection for the intermodal
transportation network. In this regard, the section modulus could be one
of the important parameters from the viewpoint of assessing the
ultimate strength of all the decks on which cars, passengers and so on
are put. In spite of human error, the structural degradation during
loading and unloading gives impact to the ultimate strength of ship’s
hull.

The ultimate hull girder strength of merchant ships including Ro-Ro
ship has been assessed by some researchers. Kukkanen, T and
Matusiak, J (2014) presented the numerical and experimental results of
nonlinear wave loads. A nonlinear time domain method had been
developed and the theoretical background of the method were provided.
The method was based on the source formulation expressed by means

of the transient three-dimensional Green function. The time derivative
of the velocity potential in Bernoulli’s equation was solved with similar
source formulation to that of the perturbation velocity potential.
Korkut, E et al (2005) carried out measurements of global loads acting
on a Ro-Ro model in regular waves for intact and damaged conditions.
The stationary model was tested in different wave heights and wave
frequencies for the head, beam and stern quartering seas in order to
explore the effect of damages and wave heights on the global loads
acting on the model. The analysis of the result indicated that the
damages had an adverse effect on the loading conditions on the model
depending upon the directionality of the waves and frequency range
applied. This effect might cause structural damage on the ship and
danger the safety of the ship and passenger on board. Kim, D.H and
Paik, J.K (2017) developed a fully automated methodology for the
optimum design of hull structural scantlings for merchant cargo ships
that were modelled by plate-shell finite elements. A full optimization
technique with multi-objectives was applied for minimizing structural
weight and maximizing structural safety, as per design constraints
associated with the ultimate limit states of the plate panels, support
members and hull girders. The developed procedure was applied to the
hull structural scantlings of a very large crude oil carrier (VLCC), and
the test demonstrated the procedure’s capacity to meet the strength
requirements of common structural rules. Muis Alie, M.Z et al (2016)
investigate the influence of superstructure on the longitudinal ultimate
strength of a Ro-Ro ship. To investigate the ultimate strength, the
Smith’s method was adopted and implemented into the thin-walled
beam. The cross section of Ro-Ro ship was taken to be analyzed. Muis
Alie, M.Z et al (2017) assessed the ultimate hull girder strength of Ro-
Ro ship after damaged. The cross section of Ro-Ro was taken to be
analyzed. The collision and grounding damages were assumed to be
placed on the side and bottom area. The damages were created by
removing the element from the side shell and bottom parts. Finally, the
result obtained was compared with one another. Also, the progressive
collapse analysis of ship hull girder based on Smith’s method was
developed by Yao and Nikolov (1992). Naar, H et al (2004) described a
couple beam method, which estimate elastic response in the
longitudinal bending of a passenger ship with a large multi-deck
superstructure. The method could be applied during an early project
stage, when detailed three-dimensional finite element modelling was
not yet possible. The theory was based on assumption that each deck in
the superstructure and also the main hull could be considered as thin-



walled beam.

In the present study, the ultimate hull girder strength analysis is
assessed considering the section modulus. The cross section of a Ro-Ro
ship is considered to be analyzed. Bottom part, car and passenger decks
are calculated for the section modulus where those located above and/or
under the neutral axis. Their result is investigated toward the ultimate
strength for the global structure.

ANALYTICAL SOLUTION

The section modulus of ship indicates the ship strength not only in
longitudinal but also transversal direction. The classification societies
have been stated requirements so that the section modulus should be
greater than a prescribed value. It is well known that ship structural
characteristics affect significantly on the ultimate strength depending
on the cargo types, configuration of structural scantling and so on. The
fundamental theory of strength of material may be used for calculating
the section modulus of the ship hull cross section. In structural
modelling, the ship hull cross section is idealized by stiffened and
unstiffened plate combination. Fig. 1 shows the cross section of Ro-Ro
ship and Fig. 2 the typical type of stiffened plate with attached plating.
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Fig. 2 Typical type of stiffened plate with attached plating

The profile and consists of web, flange and attached plating including
the neutral axis (N-A) are shown in Fig. 2. The moment of inertia of the

profile may be expressed as
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The location of the neutral axis, g, of the full cross section as shown in
Fig. 1 above the base line can be obtained by assuming that all
longitudinal strength elements are fully effective, those are

o= ZZAI;ZI. (6)

where A, is the cross-sectional area of the i th plate stiffener element
with fully attached plating and z, is the coordinate of the i-th element,

z = (1is taken at the base line. The moment of inertia of the hull cross
section is calculated by the following formula

Iy = ZA;'(Z:' _g)2 +ZiYi ™)

Where jy, is the moment of inertia of each element such as stiffener,

plate between stiffeners with respect to the neutral axis of each element.
The local classification society rules determines the moment of inertia
by the following approach

1,=3x10" wt (®)
k

where W, L and k are the section modulus, lenght of ship and
material factor (BKI, 2017). According to the formula, the material
factor is very important to obtain moment of inertia. The section moduli
at the deck and bottom part denoted by J#,, and W, are given by

w, ~ ©)
D-g

w, =L (10)
g

where D represents as the ship’s depth. According to local
Classification Society rules, the section modulus related to deck W,

and bottom J¥, , respectively can be obtained by the following formula
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where £, M, and o, are the factor depending on the degree of deck
opening, total bending moment (Nmm) and permissible longitudinal
bending stress (N/mm?), respectively.

The stress components on deck and bottom part can be obtained by
using simple expression as follow,

oM (12)
1

oM (13)
w

where M is the moment on the deck and/or bottom part in hogging and
sagging conditions. Here, Egs. (12) and (13) can be simply expressed as

Mg M (14)
1 w

Here, the section modulus can be obtained as

W= (15)

I
g

In the Smith’s method, which is applied in the program code developed
by Yao and Nikolov (1992) is used. The explanation is briefly
described such as the axial stress o, corresponding to the axial strain
g, is given by the average stress-average strain relationship for the

individual elements as illustrated in Fig. 3. The average stress-average
strain relationship is derived considering of buckling and yielding

o= f(e) (16)

Fig.3 Average stress-average strain relationship for structural element

where f,(0)=0. The axial force P, the vertical bending moment M, ,
and the horizontal bending moment M, can be obtained by integrating

axial stresses over the intact part of cross section as

N
P=>0,4=0 a7)

i=1

N

MH:zo-i(yi_g)Ai (18)
i=1
N

M, =Y 0cz4 (19)

i=1

The y and z are the coordinates of the cross section measured from the
origin at the bottom keel as shown in Fig. 4.
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Fig.4 The coordinate systems of the cross section

When the axial load is added to bi-axial bending, the stiffness
equation is expressed in term of general formula,

AP D, D, D, ||As
AM, +=|Dyy Dyy Dy WAy (20)
AM, Dy, Dy, Dy ||Ag,
Where
AP : increment of axial force
AM,,  :increment of horizontal bending moment
AM, : increment of vertical bending moment
Ae : increment of axial displacement
Ag, : increment of horizontal curvature
Ag, : increment of vertical curvature

and the tangential stiffness of the cross section are written as

D,, :ZDfAf 2D
i=1

D,y =Dy, = ZD[y[Ai (22)

i=1



Dy = ;DiyfAf (23)
D, =D, = lZiljD,-zlA- (24)
D,, = ; Dz} A (25)
Dy, =Dy = Dz, 4, (26)
METHODOLOGY

The ultimate strength analysis considering the cross-section modulus of
Ro-Ro ship hull girder is performed using analytical formulation. The
cross section of Ro-Ro ship is taken to be analyzed. Two Ro-Ro ships,
Type-1 and Type-2 are considered as the object ships as shown in Table
1. Both of them are designed based on the local Classification Society
rules as shown in Figs. 5 and 6.

Table 1 Ship dimensions

Ro-Ro Ship Type-1 Type-2
L (mm) 65000 50500
B (mm) 15000 14000
D (mm) 10693 10950

The Ro-Ro ships consist of three decks, which are car, pessanger and
top decks. The differences between of type-1 and type-2 Ro-Ros are
number and dimension of the stiffeners, number of cars and pessangers
and the configuration of the structural shape particularly in the bottom
part. Type-2 Ro-Ro is deeper than type-1 Ro-Ro, while type-1 Ro-Ro is
wider than type-2 Ro-Ro. One-frame space is considered in the
longitudinal direction. The material properties such as young’s modulus
and yield strength are related to the ship’s characteristics, while
poisson’s ratio is set to be constant. The initial imperfection, welding
residual stress, damage, and crack are not considered in the analysis.
The ultimate strength is calculated for the intact only in hogging and
sagging conditions. It should be noted that there are no longitudinal
stiffeners in the bottom of Ro-Ros. Only floors in transversal direction
are placed on it. The average stress-strain relationship of each element
is derived considering buckling and yielding and integrated to the
cross-section.
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Fig. 5 Ro-Ro type-1
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Fig. 6 Ro-Ro type-2
RESULTS AND DISCUSSIONS

The ultimate strengths of Ro-Ro ships considering their section
modulus are confirmed applying the method developed by Yao and
Nikolov (1992) according to Smith’s method. In this case, the
incremental iterative approcah is adopted to obtain the ultimate strength
both under hogging and sagging condition. In the Smith’s method, the
cross section is devided into the elements composed of the stiffened
and unstiffened plates. The cross section is assumed to be remained
plane during progressive collapse and there is no interaction between
adjacent elements in the cross section. The vertical bending moment is
applied at both sides of the cross section. The cross section of the ships
are illustrated in Figs. 7 and 8, respectively. The navigation and upper
deck of Ro-Ro ships are assumed to be eliminated.

Tttt ttt ottt [ttt I3[ T I3[ T 3T 3I I T3

Fig. 7 Cross section of Ro-Ro type-1
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Fig. 8 Cross section of Ro-Ro type-2

The hull girder cross section is very sensitive leading to their ultimate
strength and behaviour. It is well known that there is relationship
between stress, moment, moment of inertia, neutral axis and section
modulus. These relationships are expressed in Egs. 12, 13, 14 and 15.
This is why section modulus depends on bending moment and the
section modulus can be obtained by calculating the elements. The
coresponding section modulus to the Ro-Ro ship types is shown in Fig.
9. It is observed that the section modulus for type-2 is smaller than
type-1. The characteristics of the both ship are completely different
starting from the bottom part to the deck. However, two ships consist of
three decks, but the shape configuration including number and
dimension of stiffeners and double bottom structure also give
significant influence to the section modulus and their ultimate strength.
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Table 2 Moment-section modulus relationship for hogging

Ship types M hogging (kNm) Section modulus (m?)
Roro type-1 6.74 3338.73
Roro type-2 5.82 2927.12

E
:; 3100 Table 3 Moment-section modulus relationship for sagging
=]
£ 3000 - - -
g Ship types M sagging (kNm) Section modulus (m?)
§ 2900 Roro type-1 4.40 3338.73
2800 Roro type-2 343 2927.12
2700 The relationship between moment and section modulus of two Ro-Ro
Ro-Ro type-1 Ro-Ro type-2 ships are described in Figs. 10 and 11 in hogging and sagging
conditions, respectively. The moment-section modulus relationship for
Fig. 9 Section modulus of Ro-Ro ships type-1 i.s also larger than for type-2 in hogging and sagging condition. as
shown in tables 2 and 3. The shapes of the cross section for two ships
are quite different especially for type-2, because type-2 has double
bottom which is not straight line where those area consists of some
79 pillars. The pillars attached on the vertical plate to overcome the
6 | structural deformation at the car deck.
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Fig. 10 Moment-section modulus for Ro-Ro type-1
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Fig. 11 Moment-section modulus for Ro-Ro type-2 Fig. 13 Moment-curvature relationship for sagging



The moment-curvature relationship in hogging and sagging conditions
for Ro-Ro type-1 and type-2 are described in Figs. 12 and 13. The solid
lines express the moment-curvature relationship for Ro-Ro type-1,
while the dashed one illustrates for Ro-Ro type-2. The moment-
curvature relationship for hogging condition between type-1 and type-2
gives significant differences for the ultimate strength and beyond the
ultimate strength. This phenomenon also occurs for sagging condition.
The value of the ultimate strength is almost identic with the local
Classification Society rules.

CONCLUSIONS

The ultimate hull girder strength analysis considering section modulus
of Ro-Ro ship under longitudinal bending have been performed based
on simple formula of the local Classification Society rules and the
Smith’s method. The following conclusions are; the effect of the
section modulus on the ultimate hull girder strength is significant not
only in hogging but also sagging condition. The effect may be caused
by the structural configuration of the Ro-Ro ships such as dimensions
and number of plate and unstiffened plate, especially on the bottom part
to support car deck by some pillars.
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