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Abstract. The objective of the present study is to analyze the progressive collapse of VLCC hull
girder with damages subjected to longitudinal bending. For the simple case, the cross-section is
assumed to be remained plane and the vertical bending moment is applied to the cross section. The
residual stress, initial imperfection, and crack are not considered. The damaf@s scenarios are located
at the center part and asymmetric position of the cross section. @ analyze the progressive collapse
including its behavior of VLCC ship hull, the simply supported is imposed to the cross section and
taking the hogging and sagging condition into account. The results obtained for intact and damages
condition by the analytical solution is compared and summarized with one another.

Introduction

Grounding and collision damages may occur on ship when it operates at sea. The grounding and
collision accidents of liquid cargo such as crude oil carriers effect the ship structure becomes
damage and the oil spills makes the ocean environment polluted. In conjunction with this, the
design of ship structure must be considered as one of the functional requirement for structural
safety.

The investiftions of ship damage due to grounding and collision have been conducted by some
research. The mechanics of grounding on relatively plane slopes were analyzed with em@hasis on
evaluation of the overall forces on the ship hull girder was presented by Pedersen [1]. To get at
much insight as possible into the mechanics of ship groundin@lsimplifications to the problem were
sought such that analytical solutions could be derived. The same assumption as that used in the
method of Wierzbicki and Thomas for a separated curved surface was emifflbyed by Zhang [2], in
which the material rolls up into two curved surfaces behind the wedge tip. Damage to ship bottom
in grounding accident is quite complex. So, a semi empirical method was proposed for determining
bottom damage resistance in grounding scenario. Finally, simple expression, expressed in terms of
the ship’s principal particfllars, for determining damage resistance and damage extent in ship
grounding were presented. An investigation of the longitudinal strength of damd#&ed ship hulls for a
broad spectrum of collision and grounding accidents was reported by Wang [3]. Both the hull girder
section modulus and hull girder ultimate strength were calculated. The aim is to obtain simple
relations to assess residual hull girder strength, which m#% be used as handy and reliable tools to
help make timely decisions in the event of an emergency. Muis Alie, M.Z [4] analyzed the residual
strength of asymmetrically damaged ship Ehll girder under longitudinal bending. Beam finite
element method was used for the assessment of residual strength of two single hull bulk carriers and
a three-cargo hold model of a sin@§-side Panamax Bulk Carrier in hogging and sagging conditions.
A fast and reasonably accurate metif§d for exploring the collapse of hull girder in the damage
condition was developed by Paik [5]. Location and amount of collision and grounding damagfj were
defined based on the ABS safe hull guide. To characterize residual strength, an elastic section
modulus based residual strength index and an ultimate bending strength based residual strength
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index W€ defined. As an illustrative example, these indices were obtained for the hull girder
collapse of a hypothetical Panamax class bulk carrier after coll§fibn and grounding.

In the present study. a VLCC hull girder with damages subjected to longitudinal bending is
analyzed. For the simple case, the cross-section is as@imed to be remained plane and the vertical
bending moment is applied to the cross section. The welding residual stress, initial imperfection,
and crack are not considered. The damag@ scenarios are located at the center part and asymmetric
position of the cross section. T@ganalyze the progressive collapse including its behavior of VLCC
ship hull, the simply supported is imposed to the cross section and taking the hogging and sagging
condition into account. The results obtained for intact and damages condition by the analytical
solution is compared and summarized with one another.

Analytical Foﬁlulatinn

Genefi@ly, damages due to grounding or collision arc as§fined to be located at an asymmetric
position of a hull girder cross section as shown in Fig.1. The progressive collapse of ship hull girder
subjected to longitudinal bending moment due to grounding and collision damages is calculated
using some formulations in the analytical solution. Although the grounding or collision damages
takes place at the asymmetric position, the cross section is assumed to be remained plane. In
conjunction with this, the axial strain at the structural element caused by vertical and horizontal
curvature can be expressed as,

&Vnz)=s0+ by + 2.0 ()
= L _ _ y _
—— ..—le T b‘))/; -‘I Q,;\‘. 1—71"—: y Y A " \_‘Y\* T
o ' N I 3
Y e ;
- Y / N
Damaged part
Neutral axis Neutral axis
D a=g=0 D | Smgmi)
™, % A
AN Y y
- . k . | DR | L WU IORE0E 2000 DO | v
Damaged part O _| = O |
B ' B
(a) Grounding (b) Collision

Figure 1. Damages on the ship cross section.,

where &,. ¢y and ¢-are the axial strain at the origin O, horizontal curvature and vertical curvature
respectively., The y and z are the coordinates with the origin at the bottom keel are defined
according to Fig. 1. The relationship between axial stress and axial strain to calculate the individual
element can be expressed by the following equation

o = /(&) @
where f;(0)=0. The axial force P, the vertical bending moment M,. and the horizontal bending
moment M, can be obtained by using the formulas:

N
P=%c,4=0
i=1
N
Mi' = Zo.{Aayf (3)
i=1

N
M, =3 0,4x,

i=1
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Those values arc obtained by integrating the axial stress over the intact part of the cross section.
Where N is the number of intact elements anda is a cross section of individual element. The

tangential stiffness obtained as a slope of the average stress-average strain relationship of the
individual element by D, as shown in Fig. 2. the relationship of axial stress and strain can be

expressed as,

g
@’ :
Figure 2. Average stress-average strain relationship of an element.
Ao = JJ,A;;(D,. = ﬁ] “)
de

By performing Egs. 1 and 4, the axial load. vertical curvature and horizontal curvature from Eq. 3
can be written into the matrix form as follow:

AP=0 Daui Duy Duar Ag,
AMy = Duwi Dunw  Dmv Ady )
AM,- Dy BI'H Bn' Aqﬁ,-
The axial force AP from Eq. 5 may be rearranged in the form
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N
=xD, (Ag” +Y,Ady + Ziﬁﬂ')“lr (6)
i=1
N
=20, {0z + (0 - ¥6) A8y + (2, - 26)A¢ 14,
where
Asi = Asg + YolAdy +25) Ay )
Vg and z; are given by
N
(Zyi D, Aa)
o
®
( z; D, A,-]
Zn = =l

y E——
(204
i=1




124 Marine Systems and Technologies

The Eq. 5 can be written by assuming that under pure longitudinal bending AP =0 . therefore.

AP=0] |[Du 0 0 |(Aeg

AMy t=| 0 Dun Dav [{Ady )
AM,. 0 D D ||Ag
where
N ¥
D, = ZD;Ar Dy =Dy, = ZD,(J’, = Ye)z, — 25)4,
W o 5 10)
Dyy =2 D, -¥s) 4 Dy, = ZD,-(J!’ = yr;)zAi
i=l1 i=1

Using the Eq. 10, the relationship of the biaxial bending moments and curvatures can be given by
the following formula,

{MH } _ [DHH DH!']{A'%} an
AM), Dy Dy || Ay
The bending moment-curvature relationship, Eq. 11 can be applied to the ship hull girder strength

by the following loading and/or constraint conditions. The first is the hull girder under pure vertical
bending moment

{ 0 } . [D;m Dm']{ﬂ@u} 12)
AM!' D! T DIT' Aﬂo
where the superscript ‘0" indicates a prescribed value, and the solutions are:
Ay = Dav Ay
Dyy
(13)
AM,, = [DI'I' — Do Do ]A‘ﬁ!
Dyy
The second is the hull girder under vertical bending moment with horizontal curvature constrained,
(oo o o)
AM;. Dy Dy || Agy
and the solutions are:
MMy = Dy A;éﬁ (15)
AM,. =D, Agﬁﬁ
Method of Analysis

Collapse analysis of the ship hull girder with grounding and collision damages are performed
using the Smith’s method. A VLCC of tanker is taken for the assessment of the collapse analysis.
The ship breadth and high are 42000 mm and 20300 mm, respectively. The grounding damage is
assumed to be asymmetric position@f the cross section. The transversal damage extent is chosen
10% and 70% of the ship’s breadth. For the case of collision damage. the transversal damage extent
is B/16, while the vertical damage extent is set up to be 10% and 70%. respectively. The
longitudinal damage extent is one-frame space for grounding and collision damages. The analysis
procedures @) the collapse analysis of VLCC tanker for grounding and collision damages are
summarized as follows:
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1. Subdivide the cross-section into eclements consists of stiffener and attached plagidg.

2. Derive the average stress-average strain relationship of individual element by considering the
influence of buckling and yielding.

3. Derive the tangential axial stiffness of individual element from the average stress-average strain
relationship.

4. Calculate the center position ofmeutral axis y; and z,

5. Evaluate the flexural stiffness of the cross section with respect to neutral axis.

6. Calculate the curvature and/or bending moment under specified condition.

7. Calculate the strain in individual element from the curvature, and their stress using the slope of
average stress-average strain curve.

The grounding damages for 10% and 70% of VLCC tanker are presented in the Fig. 3 as follows:
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(a) 10 % damage (b) 70% damage
Figure 3. Grounding damage of VLCC Tanker.

while the collision damages for 10% and 70% of VLCC tanker are presented in the Fig. 4 as
follows:
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(a) 10 % damage (b) 70% damage
Figure 4. Collision damage of VLCC Tanker.
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Results andaiscussion

Collapse analysis of ship hull girder with grounding and collision damages are performed using
the Smith’s method. A VLCC of tanker is taken as the object of the analysis and subjected to
longitudinal bending moment by taking the hogging and sagging condition into account. The
ultimate strength for 10% and 70% of grounding damages are summarized as follows:
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Figure 5. Moment-curvature relationship.

Figurc 5 shows the comparison of the moment-curvature relationship of the ultimate strength for
10% and 70% collision damages. It is clear that the ultimate strength decreases not only hogging
but also sagging conditions, when those compare to the intact one. The significant influence takes
place on the post ultimate strength, particularly when the ship is under compression. This is because
there is transversal damage extent of B/16 at the deck part.
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Figure 6. Moment-curvature relationship.

The comparison of the moment-curvature relationship of the ultimate strength for 10% and 70%
grounding damages are shown in Fig. 6. When the grounding damage is considered, the significant
different of the collapse behavior takes place on the hogging condition. It is known well that under
hogging condition, bottom part is under compression and deck is under tension. In this regard, some
of the elements at the bottom part lost their rigidity due to grounding damage. This is also due to the
asymmetric position of the damage.
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Figure 7. Moment-curvature relationship.

The moment-curvature relationship obtained by analytical solution for 10% damage and 70%
damages under hogging and sagging condition subjected to grounding and collision damages. It is
observed that the ultimate strength for the collision damage is larger than grounding one under
hogging condition. This is due to the transversal damage extent at the deck part since the deck part
is under hogging condition. On the other hand, grounding gives larger ultimate strength compared
to the collision, since grounding located at the asymmetric position of the bottom part. Similarly
with the 70% damage both hogging and sagging condition.

Conclusmnh

Collapse analysis of ship hull girder with grounding and collision damages have been conducted
using the Smith’s method. The following conclusion of the collapse analysis of a VLCC of tanker
are summarized :

1. It is clear that the ultimate strength decreases not only hogging but also sagging conditions when
those are compared to the intact one. The significant influence takes place on the post ultimate
strength, particularly when the ship is under compression.

2. It is observed that the ultimate strength for the collision damage is larger than grounding one
under hogging condition. This is due to the transversal damage extent at the deck part since the deck
part is under hogging condition. On the other hand, grounding gives larger ultimate strength
compared to the collision, since grounding located at the asymmeric position of the bottom part.

References
[1] P.T. Pedersen, Ship Grounding and Hull-Girder Strength, J. Marine Structures 7 (1994) 1-29.

|2] S. Zhang. Plate Tearing and Bottom Damage in Ship Grounding. J. Marine Structures 15
(2002) 101-117.

[3] G. Wang, Y. Chen, H. Zhang and H. Peng, Longitudinal Strength of Ships with Accidental
Damages, J. Marine Structures 15 (2002) 119-138.

[4] M.Z. Muis Alic. Residual Strength Analysis of Asymmetrically Damaged Ship Hull Girder
Using Beam Finite Element Method. Makara J. of Technology 20 (2016) 7-12.

[5] JK. Paik, AK. Thayamballi and S.H. Yang, Residual Strength Assessment of Ships after
Collision and Grounding, J. Marine Technology 35 (1998) 38-54.




Prosiding AMM_ 2018 Muhammad_Zubair_Muis_Alie.pdf

ORIGINALITY REPORT

w23 %6 w21 O

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Shengming Zhang. "Plate tearing and bottom
damage in ship grounding", Marine Structures,
2002

Publication

%

£l

www.eagle.org

Internet Source

"l

e

Pedersen, P.T.. "Ship grounding and hull-girder
strength”, Marine Structures, 1994

Publication

"l

=

china.iopscience.iop.org

Internet Source

"l

£l

Samuel Izaak Latumahina, Muhammad Zubair
Muis Alie, Ganding Sitepu. "The Ultimate
Strength of Double Hull Oil Tanker Due to
Grounding and Collision", Journal of Physics:
Conference Series, 2018

Publication

%]

Submitted to Universitas Indonesia
Student Paper

%]




Tsumiratin Rizkiani, Muhammad Igra o 1
Ramadhan, Muhammad Zubair Muis Alie. °
"Progressive Collapse Behaviour of VLCC under
Longitudinal Bending", IOP Conference Series:

Materials Science and Engineering, 2019

Publication

n Ozgur Ozguc, Purnendu K. Das, Nigel Barltrop. o 1
"A comparative study on the structural integrity °
of single and double side skin bulk carriers
under collision damage", Marine Structures,

2005

Publication

n Tanaka, Yoshiteru, Hiroaki Ogawa, Akira Y 1
Tatsumi, and Masahiko Fujikubo. "Analysis °
method of ultimate hull girder strength under
combined loads", Ships and Offshore
Structures, 2015.

Publication

Submitted to University of Ulsan
Student Paper y % 1
Submitted to Universitas Sebelas Maret . 1
Student Paper A)
Wang, Xiaozhi, Haihong Sun, Tetsuya Yao, %1

Masahiko Fujikubo, and Roger Basu.
"Methodologies on Hull Girder Ultimate Strength
Assessment of FPSOs", Volume 2 Structures



Safety and Reliability, 2008.

Publication

Xiao Rong Wang, Shi Wei Chen. "Three
Dimensional Simulation and Repair of Skull
Maxilla and Dentition Based on CT Scanning
and Laser Sintering Technologies", Applied
Mechanics and Materials, 2012

Publication

%]

M. Tekgoz, Y. Garbatov, C. Guedes Soares.
"Strength assessment of an intact and damaged
container ship subjected to asymmetrical
bending loadings", Marine Structures, 2018

Publication

RN
(@)

Submitted to Rivers State University of Science
& Technology

Student Paper

SN
(@)

Yao, T.. "Hull girder strength", Marine
Structures, 200301/02

Publication

—
N

Submitted to University of Newcastle upon Tyne
Student Paper

RN
(00

Hussein, A.W.. "Reliability and residual strength
of double hull tankers designed according to the
new IACS common structural rules", Ocean
Engineering, 200912

Publication




Guswandi, Juswan, Muhammad Zubair Muis
. . | . <%
Alie, Parjono. "Plate deformation analysis on
deck structure of jack-up", IOP Conference
Series: Earth and Environmental Science, 2019
Publication
ar.scribd.com
Internet Source <%1
Submitted to iGrou
Student Paper p <%1
Ino Suli§tiani, Syafruddin Syarif, Ygsran, <%1
Dewiani. "Quality Models Engineering for
Evaluation of Academic Information System
Quality Instrument (AISQI)", 2018 International
Conference on Applied Science and Technology
(iCAST), 2018
Publication
Shen Li, Simon D. Benson. "A re-evaluation of < 1
the hull girder shakedown limit states", Ships °
and Offshore Structures, 2019
Publication
repository.unair.ac.id
Interr)net Sourcey <%1
Khaled Galal, Munir Alp Enginsal. "Flexural <%1

Behavior of GFRP-Reinforced Concrete
Masonry Beams", Journal of Composites for
Construction, 2011



Publication

EXCLUDE
BIBLIOGRAPHY

ON

James R. Libby. "Modern Prestressed 1
. <%
Concrete", Springer Nature, 1990
Publication
Gaspar, B., A.P. Teixeira, gnd C. GL.Jedes <%1
Soares. "Effect of the nonlinear vertical wave-
induced bending moments on the ship hull
girder reliability", Ocean Engineering, 2016.
Publication
EXCLUDE QUOTES ON EXCLUDE MATCHES <5
WORDS



	Prosiding_AMM_2018__Muhammad_Zubair_Muis_Alie.pdf
	by

	Prosiding_AMM_2018__Muhammad_Zubair_Muis_Alie.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


