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Light-weight Optimum Design of
Laminate Structures of a GFRP Fishing Vessel

Jae-Won Jang®™’, Zhigiang Han®" and Daekyun Oh®”

"Graduate School, Mokpo National Maritime University, Mokpo, Korea
"Department of Naval Architecture and Ocean Engineering, Mokpo National Maritime University, Mokpo, Korea

GFRP ‘FAlo| Ao AATF= A5 E47 Hgst A

KEY WORDS: Fishing vessel ©14, Lightweight design 7 %3} 47, Ship design A% 47, Composite material %42, GFRP 2|4

fAs B2

ABSTRACT: Approximately 90,000 ships are registered in South Korea, and about 80,000 of these ships are used in domestic shipping. Among these,
84% are small ships, such as a fishing vessels that weigh less than 20 tons and are made mostly of an FRP (Fiber Reinforced Plastics). When this
fact is taken into account, the greenhouse Qas emissions that are released per ton of a composite vessel are sizeable. In this study, the laminated structures
of an FRP fishing vessel, many of which currently are being built in Korea, were analyzed by ISO (International Organization for Standardization)
and international design rules, and the structures of the hulls are lightweight with optimum glass fiber mass content as determined by the laminate
weight minimization algorithm. As a result, it was confirmed that the laminations of the vessels in accordance with the Korean rule could have 6.4%
to approximately 11% more design margin compared to the requirements of 1SO and other international rules. And the case study of the application
of the laminate weight minimization algorithm showed the possibility of reducing the weight of the hull bottom plating by as much as about 19.32%

and by as much as about 18.06% in the overall structure.

1. M e

A S| A1 IMO(International Maritime Organization)= = 41|
a4kl o3t 2471 2+(Green house gases, GHG) &7}l o}
E 713 Wsle] t)-33lr] 8t H27HA vhekst A 29
HeES A 2a glom, 2011dol= Aol ik ouA
a8 AAR“(Bnergy efficiency design index, EEDI) & 418} o]
U2 &8 HE|AE(Ship energy efficiency management plan,
SEEMP)<- 7}A|8}h= 3l 9F 2 <342 & 2K(International convention
for the prevention of marine pollution from ships, MARPOL)
Amnex VIS =389 tJoung et al, 2018). x5+ o] ke
GT(Gross tonnage) 400E ©]/4¢] Auks o= st glom
A dEke] Ao o AAstaL e AR A 9=
Ue AAolth. I FEAR F 90% ©1 FA 30E HHHEY

agatoln, oleid %L I
A} AE71ee) A G4 B

Aol skt MA dohsiaby, ol &7A =
A, A A 22 AR HI2H A7|FH0A 2=
LED(Light emitting diode) Fo15 E4%4 22 7| = At
H vl Ak ot ol s WS Aol A5 o= U8
ol thk 9380 P olgtal & 4 UTHO et al, 2019).

2Pk IR o " FEHGASEE2~E(Glass  fiber
reinforced plastic, GFRP)& AA| A 2 ARS8}l ATt GFRPE 1%
o} #713h= HANA A EA LR Be AHS W AR
2A) B/gdo] o] Au v Er) Fom B s sie] 37
A7t 73 FEolAE S E, ofd 5 agAuke] A= de AMSE
L 13(Oh, 2019), FUH-GF A9k oF 87%E AFASHAL Y= 01419
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A GA] thEEo] GFRPE AZH I YTHMOF, 2016).

E AAE-2 GFRP AA T2 A S THLaminate) = 73 F2Fs17] 9
gk HZ feld 1+ AstAlde] Z%(Song and Oh, 2016), E-FH4A)
T28] ZAEslol w2 E8]3 7%5(0h et al, 2018a) Tl ThE I+
E Yzt vl 9lom ol ATAIE EUE GFRPY| A3}
GHG &% 74l v X&= Gkl gk A5 3¢ vt ATt
(Oh et al, 2018b; Oh et al, 2019). ¥ AT APAF A=
ggete H A= 871 3718 Q= GFRP HAIAS o
’F o2 GFRP oo AA| A3t 7VsdS gRlstaiat sttt
FET(GT) 9.77 HAAE AHEAT g2 Fojstaion,
A T2 ST AAE 1SO (International Organization for
Standardization) A E5 L SAXNF A HL] Hlo XS S
At Aeke] HAnRIES BAEtP o, AA Sus o=
A% A fFedh A8A v, & FEdS $EE(Ge, Glass
content)= FA3}t] A E GFRP AAIHE =& 0 2 Al
whe] Ags) 7hedS AFH R A staa gk

2. Ol MAMF= HEE =4

2.1 FRP HAO{M 7

HZ AFAAL T A g} A vithdA 179 F
7F= HAo1d e a7k WobA| AL ok AR GT 9.77 W
Aojdde gt tn BT He] FAHKOMSA, 2019; ©]st
Korean 7)ol we} A= lom w4 3939, A4 19.1m,
A& 13 E(24.08km/h) 2] AFojdo|th. Table 13} Fig. 12 4l
o] F QAP FEHEXE Holi YTHRIMS, 2006).

Table 1 Principle particulars of the target ship

Item Value Unit

Loy 19.10 m

Lyp 14.60 m

By, 4.38 m

D 1.18 m

T 0.80 m

Cy 0.621 -

A 39.39 t
Speed 24.08 knmv/h

| 500mm x 4 |

S X WwwoSy

Fig. 1 Structures arrangement and stiffeners lay-out

22 GFRP 7= IXixfo| AT} MET M7
TAOASY] T2 HSRE TSt AR A5 2AE

AT el 73Skl (Reinforcement) = T E(CSM, Chopped
strand mat)2} ZH(WR, Woven rving) F 7FAE 4 o1A AZE
Ao, FEfe] dHHAY FHe wWE 2rjo] ZZ
450g/m’F} 570g/m’O| AT 71 A A (Matrix)s BB A &
o ~E(Polyester) & AHE3IATE AAEAN HESH2 Iutdgoz
7 2 S = MAAFE gito g /\qzq—s}g;{q AARRe] YA
AA FAE 9.14mmS oM, AFIAES CSMA+ (CSM+ WR)
X 4+ CSM o). Fig. 2+ WAloIA S AAT HF 2AEE
T23kste] Bo|1 Q1o Table 25 F Fa4dfet 29 &
AARE Hola ot A AZHY IHE(G) F A3HA
el FAIB]E(Weight  fraction)2 ISO  =rA| E(ISO,
2008; 13} IS0 #) 4} (el W} oF 36.7%=2 E4 =k

WR CSM

Tsingle_Py : 0.703mm Tsingle_py = 1.055mm

/////////////////////////////// A
////////////////////////////

/////////////////////////////// ) o
R Y
// 00000000
////////////////////////////// B |
Gc : 36.7%

CSM + (WR+CSM) X 4 + CSM
Fig. 2 Laminate schedules for hull plating

Table 2 Raw materials for hull plating

Ttem Value Unit

. Density 2.5 gm’

Fiber S8 Weight (CsM) 450 g’

Material Weight (WR) 570 g’
Polyester Density 12 g/m’

resin

pytp,+pyt+tp,
= p 1 p2 :Z D M
Ly 24 5

g9¢ 969G 96,

p : Unit weight per area of fabric (kg/m?)
Ge : Glass content in a single ply
HAIO(M T MEES| dADR 24
H /\loﬁi«l AA Tz A 7FsdS EIsk] fldte] A
o AARINE FARE ‘§l F8 AT A Bl EAst
Ak Blutde2s Agdddte] AAE IS0 FEFH(SO,
2008)% QE9F 2 Agidute] Sl gyl A8HIL A=
RINA(Registro Italiano Navale) A1537Fg(RINA, 2013; ©]3} RINA
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Table 3 Operating-mode determination by each rule

Item Definition Target ship Mode
vV .
Korean Rule ﬁ> 9 Displacement
v V: 13 Knot
ISO 12215 VI >5 (24 08km/h) Displacement
L, 14066 m
V
RINA Rule —=>4 V__35 Displacement
\/Z V L wl
|4 .
LR Rule ﬁ> 3 Planing

L, : Length on waterline

TA) 183 LR(Lloyd’s Register)
)< AAsIA

AR TY SAE ez dAsksd a7 FAE 4
St o, HAlojAd 9 *@"Véﬁ" el g8 ABLHAEA mRRl
T ALstAS wl, o ®W A 7R AAAF i
FAHAT FAE HAEA s

A Zgsle AAskEe +74
s}

AFTALR, 2018; ©]3} LR

mlo

7] fleted 2+ el
w2 HTHTable 3). LR 732

73 Adute]l v FE & Slvka sk glew ywA
a9k

1911:]_ Flg 3& &HI—-J]: /\4

At} Korean AL 74
AAPHS A AIHA]

A -3
s g

Desigr'quressure (kNlmz)
&

Fig. 3 Longitudinal design pressure acting on bottom plate

Table 4 Comparisons on mechanical properties estimations by

each rule
Ttem Tensile strg}ngth Flexural strzength
(N/mn’) (N/mm)
Korean Rule 98 148@
ISO 12215 115 175
RINA Rule 108 175
LR Rule 119 175

@ The value is low bound through material test required by
Korean rule

stz e a7 FAIE ALkl GFRPE A=
Ao] sl o]& HaAE 453 FHE(Ge)ys HR2S
oz AAFAAA AASIE s B FAHA OW de
AR e Het FHE 36.7%E 2 %S‘Pcﬂl Table 49} 22 E4&
S = AUk Korean A9 49 o FARG GFRP/I
\;; :\:’fz_ﬁ% 9} e 7]74];9 %/\ J.o E]./K \A—yﬂ 43]._
gelg 4= Qllem, 1ISO ®F3} RINA 14, LR F4H&
Sk AgS Hola JEd ol F AFTAe] IS0 EFol
sk 7] 221 Aoz FAdFH)
o] AAletE 9 454 Aol wet A He 87
FA L} AAFAE vlaTOoZAR FAoHe] AANZS E4
3IATE Table 5& ZF 1A 8754 F44S Q93 Hol
I oM, Fig 4= HAoAd At FAE 3e 875
A 2 AAFAL AFE Hola th

ISO #F¥ RINA, LR 182 48] ¥

4»-

W0

7

N o=

= M rﬂlo o)

£
1
o2l

o W HAWA A A 18w sk Ide) T =
& 133t AN, Korean 7182 8 AAZ 93 &
TFAE AEstL AT 4 el WE FRP A58 =4

F40] et vl £42 o5 ZollA AAIs] BFII

Table 5 Formulas to calculate required thickness of lamination

Item Required thickness formulas
Korean rule T=15.80 X 5 X (d+0.026 x L)"®
(PX K,) s
ISO 12215 T=5x K, ( 2 )

(1000<0.5xa, )
RINA rule T= K, xsx P < K, < (152/a, )"

LR rule T=0.146 < s < (P/E,)'/?

: Short dimension of design area

. Full load draft, in m

: Full load waterline length, in m

: Design pressure, in kN/m’

o, : Flexural strength, in N/mm?

K, : Curvature correction factor for curved panels
K, : Coefficient by design pressure type

K, & K, : Panel aspect ratio factor

E,,, : Tensile modulus of elasticity

TN

) 1 [ .

Weight of Unit Area Laminate of Target Ship in Response with the Thickness with 6.5% Design Margin

_

AT

% 1/o_ %
EE : % EE
=1 R G
.:.: 3. % ,;%.f-

Korean Rule ISO 12215 RINA Rule

Fig. 4 Design margin analysis : comparison of required thickness

and design thickness by each rule
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ISO #%F3 RINA, LR 7489 A%, A HAstso] 2
(Fig. 3)3H= Aol o] 87 FAE HlwE ooz A3t
Ak ZF AolA =28 a7l wAlol el A8E Ak
uhzl S%E A= g3t b Aol 9g o] 2 AT
AE A& LR 789 A5 24 AFS A3 2o F
o]zl *Eﬂ Z700| A FAlolAo] BFdte Muto R Ahstal 9}
7] Wil FAstss F7I=E u#stal A ol wt AT
AAFAE 275k 7] wEel HFe] HA vk HwE
oA A efstSATh

Azd AATA Y BAE IS0 TZoA AAEIL e 24
0l weh Fgstaem, Al 7EA] Aol gk %A]Oi*dﬂ x
Aol FFALL AAFA I8 FAC HuEA
Fig. 49} 23t} Korean T4l o/t A FA <} -rﬂ]% SO &%
F3} RINA FHRY 27 11%9) 64% O 2 Aoz BAE9]
Tt} o]= ISO ¥ RINA 742 Korean TFAET TOhefsh =
el o3l MAASES F45kaL qlo] thh & AAlskE FHe
A7 By o, dAHAS] FTInE, TUF AASE 2X
g3l /& 5 A3 Fa 12 Wi EdRE 3o 18Y
o2ZH ATFAE EY & AE AL JE Ao E HHEH
o} &3 Korean TFA0] A& BEAFAS ta A A4S
ANT AAmRIe] zfolE 7195 Aol Ao E A E ]
AW AAE A% v 7 782 Fig SOl RlaEAste =
218} s}t

Jir

L

P

<
gﬁ

|

id

JH Lo p

=

e @
aminate = (5 "~ (= pa) X Ge)

p, : Density of fabric (kg/m®)
pp © Density of resin (kg/m’)

3. BalA| MMTE MET Zs LD2E

Aol o] HAT HAS

ISO ¥ % =AXF 747 4]

WEA FoaH € 74 div] BARKIES B4 ol
HollMe & d7AEY AgdT A BdaA AdAT =
&3 7 %3 ¢12)S(Song and Oh, 2016; Oh et al, 2018a)<
A A HEFo =N A7) /| HE GFRP AAES =
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Table 6 Structural weight comparisons

Weight [kg]
Structures
Original case ~ RINA case = Optimum case

Bottom 771.58 689.27 627.34

Side 1061.86 940.48 812.05

Deck 991.10 585.45 537.21
Bulkhead 379.41 379.41 379.41
Top-hat 1517.85 1517.85 1517.85

Total 4727.80 4112.46 3873.86

% FAE 12 vlaskdnh. % Fig 1194 & 5 3
, AR tin] S HAY SR FAVE oF 19.32% 74
3l | AL 0T & YA, RINA 3 AAIe] A4 =
11.35% A3t 7hse Ao 2 RIS

o3 A9 T8 BAAE ke AATFRY F T
3= vlwsly] Yt Aol Wl 3D CAD BE-S 75319
t}. ojuf & Wsle] W& AAHQ) FAWSE vlwsty] 915k
of vz}t AE G HTHOE T3] Lol wef A A

L o 01
_19, ol M

3IATE RINA A 7 sl A bl tiste] 2+2+ CAD =49
< FAsIN e, F2H T3S 7 15 (Grouping)dte] S
H3LE B Wi A= Table 63 24} s dARe AL
QF BT} 18.06%, RINA 78R} 58% A3t 77} Q= AL
2 A EH ol HE AT

Optimum Case
N Gc:60.0% 7

Original Case
Ge:36.7%

L 91s [ L 590
y o Fier ‘ | mmGlass Fiver
\ Rotin
Dnglnal Case Optimum Case’
| Ge:36.7% N Gc:61.0%

7
Original Case

Optimum Case
\_ Ge:620

Fig. 12 Comparison of lamination thickness and Gc of original
and optimum case at midship-section



502 Jae-Won Jang, Zhigiang Han and Daekyun Oh

Table 7 Comparisons of longitudinal strength evaluation results

Item Original case RINA case Optimum case
Bending stress
N /mmz] 18.7 23.24 29.09
Allowable stress
N /mmz] 26.89 26.89 40.50
Bending stress/
Allowable stress 30.38 13.16 28.17

[Safety margin, %]
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A Parametric Study of the Wave-Generation Performance of a
Piston-Type Wave Maker
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ABSTRACT: The wave-generation performance of a piston-type wave maker was analyzed using the numerical wave tank technique, and the numerical
results were compared with theoretical solutions. A two-dimensional frequency domain analysis was conducted based on the Rankine panel method. Various
parameters were used to examine the wave-generation performance, such as the width and gap of the wave board. The effects of the thickness of the
wave board and of the gap from the bottom of the tank were evaluated. The difference in the amplitude of the generated wave between the analytical
solution and the numerical result was examined, and its causes were addressed due to the gap flow between the bottom of the tank and the wave board.
This parametric analysis can be utilized to design an optimum wave make parametric analysis to design an optimum wave maker that can generate
waves with amplitudes that can be predicted accurately.
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Fig. 1 Overview of computational domain for wave maker in the

two-dimensional numerical wave tank
Ve V=V o (Ve)=Vp=0 )

B ) wpgae 789 o)x} A (Green's 2™ identity)oll )3}
73A] A% "7d2)(Boundary integral equation) > % H3E &= T}

o :ffs(c%w%a)ds @)

A7NA, ez YA, = G FEA A Q) 22 P A
2 3

G=—o—InRk 3)

o71M, RS 42~ H(Source point)@ TE FH(Filed point) 7+
72]E 2|1 $HBrebbia and Dominguez, 1992). £ AT-llA=
22 zulz 7|HS AFESte] 2aTe] AAW ol ol
AfER BAW, 2 v AAY, S AAR] SolH e
I Fig 12 £ 84 54 Fe) Ap=olk

22 A =A

T et 29| fATY 29 45 FA5]
e, zade] AT FARE Zoe] £ 5(Surge
motion)oll & FAIN PAHEAS] FEl2 HFA =d& H83t
Aok A @ 298] AA 21s JERdth

A7\A, v, 29 4 73A
ke Ao Ha e AE .
A3k 940 HA WES] o« W 4 u +
®H AAxDS A¥std 5939 AARIH 534 A4

A%l A4 (5)2 e,

20&

A7NA, we Z2HF 5 FHFE YrlEH, g FE 7t

g ouigt Zue

A

%) 2 BERAA AAMe

= Yehheh

py
3
B

— =0, on S, and S, ©6)

AL FA 05'919] 37]541 ﬂﬁli 3] TAEE= et
== % 9 (Artificial damping zone)=
g3l Fig. 29+ 71:—_]_-01 ?l‘g“ 24 49 AaRHY & E
ol EAjste] (AT A7l AEFs HEoR JAHoR
F7Veh, Ao s AL A ddel A WhALER] oA
2 A7 Fakr 99 iMool dHFHe] dole dH

tlo L

>
>
i)
il
2
2
[0
ol
N
do
S
og
xz

4%4 AR A, dae SEXEA g0l HlElst=e
gl R tia] A-8sFATHKim, 2003; Min and
Koo, 2017; Kim et al., 2019).
a¢p o Hy o Hg )

AN, . = 22 S ol Hl g 1) A

£ ou@th T ASe WAL e Lo

1 = 4, ®)

Damping Damping
zZong zone
H1 K1
\ AN AN _
T V ;V 1)
W|
>
4+ |a h
] ] 1 1 1 v 1
—4 -3 -2 —1 Q 1 2 3 4

Fig. 2 Overview of two-dimensional numerical wave tank with

damping zone

0.015
L N

o e e
=) = =)
S = =
=) o S

wave elevation [m]
e
(=}
bt

0
4 3 2 1 0 1 2 3 4
xX/A

Fig. 3 Overview of free surface elevation with a damping term



506 Do-Soo Kwon, Sung-Jae Kim and Weoncheol Koo

741*“@‘01]/\1 QA WAIE Fig 3o AL, AT
dol A PAsE AAGE AT 5 Yok

24 AperH A= At

Axt GEo] mE AAW £ 25 X A7, FA HE
BARAE AT R 23] 79 —\%%Oﬂ ot FAW £= =
A28 BE AL A S4A AL 4 itk o) Mdsie
T Y Az 7‘4%01'04 21 (99 2ol 3 ¢
ol 4] WAL Z1ZE(Wave elevation, n)= A4HE 4= Qo)

B

n= ‘?5% on Sp ©)]

A7A, s ZIpEo] 2EZI(Stoke)S JrIEtaL, ¢, & X3}

W 5 L5 T AFEANAY YA S5 ZAHS o]

st

B AFollAe o] FAef E5ol thsll 242 4714, 571
2 23000 vigk Wiz WS el A4S S AT Table 1). 3, =
o] AA 8 &5 T71E 0.62~12%E sl ¥ 9l
3em®] TFEIE WAYAT)7] AF ATE FHSIATE 29
ofa TAE WAtRe] TH(Wave length)? =413t vpe] W
(h/X\) = Table 2} Zo] UFERATE

Fig. 4= 23 ZA A B2 24 7j¢ 240 wE A
dake] AEL vudtogA X o] HALEE FUs]
A FEE B7HE etk 85 FAS 7 F71004¢
o Fads) S, FAFS 4 ke 2lAe] T
olgel25H At WFE A= FAAS) itk 9al 3em
WA 7] 7] 93 29kl ~EZ = Kwon et al.(2017)9
= Mgl A Ee ANh—d)7t 0.025mel A=
Attt Al Bal zabd shdd} b oF 2.5cm A=
Aol e gt FHE Hrlell we} zakd S 73A]

r-lﬂg

AR >
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ABSTRACT: Efficient path planning is essential for unmanned surface vehicle (USV) navigation. The A* algorithm is an effective algorithm for
identifying a safe path with optimal distance cost. In this study, a modified version of the A* algorithm is applied for planning the path of a USV
in a static and dynamic obstacle environment. The current study adopts the A* approach while maintaining a safe distance between the USV and
obstacles. Two important parameters—path length and computational time—are considered at various start times. The results demonstrate that the
modified approach is effective for obstacle avoidance by a USV that is compliant with the International Regulations for Preventing Collision at Sea

(COLREGsS).

1. Introduction

Advances in unmanned surface vehicle technology, particularly in
matters related to path planning optimization, have recently gained
substantial attention. As they can operate under several different
environmental conditions with high flexibility and several sensors
that can be installed based on the demands of the mission, USVs
(unmanned surface vehicles) offer the benefits of minimized casualty
risk and reduced costs. This study focuses on improving the path
planning of an obstacle avoidance system for an autonomously
operated USV.

In the development of an obstacle avoidance system for USVs that
is compliant with the COLREGs (International Regulations for
Preventing Collision at Sea), path planning is extended to use the A*
algorithm to improve its efficiency (Loe, 2008). The safe, optimal,
and feasible paths produced by the path planning technique have been
implemented successfully (Campbell and Naeem, 2012). When a
USV operates in an obstacle field, the distance from the USV to the
obstacles, the computational time, and the smoothness of the final
path are essential factors that are employed to assess the ability of
the USV (Mohammadi et al., 2014).

An effective path planning approach is required to improve the

level of autonomy of USVs. When calculating the most efficient path
between a starting point and a goal point in a grid map consisting
of nodes, Dijkstra’s algorithm is often used (Singh et al., 2018; Niu
et al., 2016a). The more general algorithm, A*, which is the best-first
search algorithm, is also used for path planning. An optimal path
planning method has been shown to generate a feasible path using
a constrained A* algorithm for a USV in a confined maritime
environment, where dynamic obstacles are a concern (Singh et al.,
2019). Several other methods have been used for path planning for
marine vessels, including artificial potential field (Xie et al., 2014),
fast marching (FM) (Liu and Bucknall, 2015), real-time R* (RTR*),
and partitioned learning real-time A* (PLRTA*) (Cannon et al.,
2012). A modified A* algorithm is applied in this study using a grid
map and heuristic cost.

It is essential to consider environments containing static as well as
dynamic obstacles in path planning for obstacle avoidance by a USV,
which makes it more complicated to find a path when considering
computational time and travelling distance (Ripon et al., 2016). An
effective controller must be designed for optimal path generation in
an environment including both static and dynamic obstacles (Patle et
al., 2015). In this paper, we consider a dynamic obstacle environment

with dynamic obstacles moving in various directions at a constant
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velocity for several different situations in accordance with the
COLREGsS.

Autonomous navigation, obstacle avoidance, and path planning are
essential for a USV in a practical marine environment (Larson et al.,
2006). The waypoint approach is widely used for path planning
algorithms for obstacle avoidance (Petereit et al., 2013). The present
study adopts a waypoint approach for USV navigation in a practical
marine environment. When a USV operates in an environment
containing both static and dynamic obstacles, the waypoint selection
is impacted, as it is refined to reduce the number of waypoints for
the reliability of the path-following mission (Niu et al., 2016b).

The A* approach is modified to make it suitable for identifying
the sequence of optimal waypoints that help a USV operate in a
practical environment while conserving energy. During obstacle
avoidance, computational time and safety distance are crucial factors
in determining the feasibility of the approach. In addition, path length
and time consumption are also considered in this study.

2. Problem Definition and Assumptions

Autonomous navigation is an essential requirement of an USV. A
path planning algorithm must be implemented with high efficiency
to achieve accurate autonomous navigation. In this study, we have
selected the modified A* algorithm to generate the optimal path with
a sequence of waypoints for the autonomous navigation of a USV,
which navigates in a practical environment, where static and dynamic
obstacles have a significant impact on the sequence of waypoints
selected from the program.

To develop the conventional A* approach and improve the
autonomy of the USV, the current study adopts the A* approach with
a safety distance between the USV and static obstacles as well as
dynamic obstacles to ensure safety. When a sequence of waypoints
is generated in a grid map, the safety distance is generated by
expanding the boundary of obstacles, as depicted in Fig. 1. The
relationship between the computational time and path length over
starting time in the simulation is used to evaluate the effectiveness
of the proposed algorithm in certain specific environmental situations
stated in the COLREGsS, such as overtaking, head-on, and crossing.
The confined sea environment in South Korea is selected as the study
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— Resultant path generated by conventional A* algorithm

Resultant path generated by the modified A* algorithm
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Fig. 1 Resultant path generated by modified A* algorithm while
considering safety distance
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Fig. 2 Collision-avoiding rules in COLREGs

area and the velocity and direction of the target vessel are
pre-defined. The grid cell boundary of the dynamic obstacle is
expanded to prevent the resultant paths from crossing in this area.

The COLREGs published by the IMO (International Maritime
Organization) are a set of international rules aiming to avoid
collisions at sea. It consists of three main parts: Part A—General,
Part B—Steering and Sailing, and Part C—Lights and Shapes. The
current study focuses on Part B, the main rules of which are
described in Fig. 2.

3. Research Methodology

3.1 Map Processing

Fig. 3 indicates that map processing is the first step in the
implementation of the path planning approach. Information regarding
the topographic map and dynamic obstacles is predefined before
implementing the path planning approach. In this study, as shown in
Fig. 4, an image of the sea area in South Korea with a regional range
of 30.052°-30.070°N, 128.562°-128.595°E is selected as the study
area. For a USV to be able to navigate in the practical marine
environment, the image requires preprocessing to generate an
effective grid map. To solve this problem, the Otsu algorithm (Song
et al, 2019), which is widely used to convert an image into
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Fig. 3 Path planning approach
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Fig. 4 Grid map of study area

its binary form, is used to create a threshold image from an initial
image that is converted into a screen coordinate frame from the
earth coordinate frame. Subsequently, the generated binary image is
divided into two areas—an area with obstacles and a rest area with
no obstacles. The obstacle area has a grid cell value equal to 1,
whereas the rest area has a grid cell value equal to 0. These values
are stored in a file as a matrix, and this is considered as input data
for the path planning algorithm. The study area of 6,000,000 m’
has a width of 2000 m and a length of 3000 m, and the size of
each grid cell is 20 m x 20 m.

3.2 Modified A* Algorithm for Obstacle Avoidance

In the current study, the A* approach is modified to make it
suitable for using the grid map and safety distance between the
USV and obstacles. The modified A* algorithm generates a
sequence of safer waypoints for the USV to help it navigate along
an optimal path, which is the highest priority in practical marine
navigation. The A* algorithm is selected because it has shown the
ability to determine a path with a short computational time. The
computational time of the modified A* algorithm is shorter than
those of the conventional A* algorithm and some of the algorithms
mentioned in Section 1.

The priority queue is the place in which all nodes are stored; if
a node has a minimum of f(X;), it is placed in the front of the

priority queue. Heuristic guidance is used in this study to optimize

Y Coordinate
Y Coordinate

0 4 8 12 16 20 0 4 8 12 16 20
X Coordinate X Coordinate

(a) Without heuristic cost (b) With heuristic cost

Fig. 5 Resultant path generated by considering heuristic cost
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Fig. 7 Resultant jagged path

the cost of the path from the considered node to the goal node.
Fig. 5 illustrates the difference between using the heuristic cost
and ignoring the heuristic cost to identify the path. It indicates that
the number of searched nodes is substantially reduced when the
heuristic cost is applied, which is one of the factors that aids in
reducing the computational time.

As depicted in Fig. 6, there are two styles to expand each node
in the grid map: 4-connectivity and 8-connectivity. For node
expansion, 8-connectivity, which indicates that there are eight
searched nodes in each iteration, is applied to improve the efficiency
of the program and search further in other directions, as illustrated
in Fig. 7. When a node is selected from the priority queue, the costs
of all child nodes in all possible directions for that node are updated

using the following formula:

FX) =h(X)+9(X;) )
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where h(X;) is the distance remaining to the goal and g¢(X;) is
the total length of a path from the starting node to the considered
node to avoid selecting impractical nodes. A Euclidian function is
used to determine the value of h(X]).

To determine the optimal path with a safety distance generated
by extending the nodes surrounding the obstacles, which is a
sequence of waypoints, each node is identified by the matrix stored
in its parent node.

On the grid map, additional nodes around the target vessel are
added to the closed list to prevent the USV from crossing this

513

Y Coordinate

X Coordinate

(b) Crossing case

Y Coordinate

0 “Lﬁ“ STracras jv;ri‘rﬁ;
0 2 4 6 8
X Coordinate

(c) Head-on case

area. The following domain regions around the USV are illustrated
in Fig. 8: O representing the overtaking region, C representing the

crossing region, and H representing the head-on region.

4. Simulation Results and Discussions

4.1 Static Obstacle Avoidance with various safety distances
To determine the optimal path for the USV with static and dynamic

obstacles, the safety distance illustrated in Fig. 1 is applied to the

proposed algorithm with a safety distance value consisting of 0, 1,
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2, 3, and 4 pixels. The resultant path is generated using the modified
A* algorithm shown in Fig. 9 with the number of searched nodes
depicted on the grid map. Computational efficiency is achieved with
the resultant path generated from the program and 3183 search nodes
in a static obstacle environment.

Various resultant paths are generated with the various safety
distances indicated in Fig. 10. When the safety distance is set to a
greater value, it indicates that the number of searched nodes has
decreased, leading to reduced computational time. The modified A*
algorithm will produce a computationally efficient path with a larger
safety distance compared to the path generated without considering
the safety distance, as depicted in Fig. 11.

4.2 Dynamic Obstacle Avoidance Complying with COLREGs
In a dynamic obstacle avoidance environment, various COLREGs
cases such as overtaking, crossing, and head-on scenarios are
simulated. The safety distance used for all scenarios is 1 pixel. The
two main parameters used in this study are computational time and
path length, obtained as the output data of the program and
computed for each starting time of the mission. The path length
and trajectories of an USV and target vessel are stored using the

Table 1 Navigation information for overtaking case
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Fig. 12 Resultant path generated in overtaking case

matrix at all locations in the grid map. This helps the USV
determine the distance to the target vessel at any time.

First, the overtaking case depicted in Fig. 12 is simulated in the
grid map of the confined sea. Table 1 provides the navigation
information for the USV and the target vessel.

Fig. 13 shows the resultant path generated by the modified A*
algorithm with various starting times. The position of the target vessel
is plotted at each starting point on the grid map, which is based on

Information Velocity [m/s] Course [rad] Start point [-] Goal point [-] Start time [s]
Target vessel 5.144 0 (35, 59) (100, 59) 0
USv 10.289 - (15, 30) (135, 85) 0
100

(a) 0s

Fig. 13 Comparison of resultant paths generated at various starting times for overtaking case

60 80 100

(b) 50 s

0 20 40 60 80 100 120 140

(c) 100 s

120 140
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Fig. 14 Comparison of path length and computational time with respect to change in starting time for overtaking case

Table 2 Navigation information for crossing case

Information Velocity [nm/s] Course [rad] Start point [-] Goal point [-] Start time [s]
Target vssel 10.289 2.356 (25, 35) (10, 50) 0
Usv 10.289 - (15, 30) (135, 85) 0
100 navigation information for the target vessel such as its velocity and
direction. In this case, the target vessel navigates at a velocity of
80 5.144 nv/s along the straight line. The relationship between the path
é 60 length and computational time at each starting time is depicted in Fig.
g 14. The general trend presented in these figures is that the
8 40 computational time increases with increasing path length.
- Resultant Path Further, the USV starts to cross the target vessel at 8 s while the
20 <Ortine XesPsaetlh target vessel moves in the direction of 135° measured
0 :g:ﬁf:&;:;?e counterclockwise from the X-coordinate with a velocity of 10.289
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Fig. 15 Resultant path generated in crossing case
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Fig. 16 Comparison of resultant paths generated at various starting times for crossing case

1500 1436 1412 1412 1412

100

140
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Table 3 Navigation information for head-on case

Information Velocity [m/s] Course [rad] Start point [-] Goal point [-] Start time [s]
Target vssel 10.289 - (140, 90) (100, 70) 210

Usv 10.289 - (15, 30) (135, 85) 0
100 which continuously changes when the potential collision is

80
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Fig. 18 Resultant path generated in head-on case

Fig. 16 shows the resultant paths generated by the modified A*
algorithm at various starting times. The relationship between path
length and computational time with each starting time is presented
in Fig. 17. When the starting time is O s, a potential collision is
confirmed, leading to increases in path length and computational
time. In the other cases, the potential collision is not confirmed,
which leads to resultant paths generated with the same path length
value.

Finally, the target vessel is assumed to move on a specific course,

60 80 100 120 140
@ 0s

Fig. 19 Comparison of resultant paths generated at various starting times for head-on case
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(b) 50 s

confirmed, with a velocity of 10.289 nvs in the head-on scenario as
shown in Figs. 18-20. Table 3 provides the navigation information
for the USV and the target vessel.

5. Conclusions

A modified A* algorithm for planning the path of a USV in a
confined sea was proposed and evaluated. The results indicate that
the modified A* algorithm, which incorporates a safety distance to
ensure sufficient distance between the USV and any obstacles, was
evaluated in a marine environment. The safer path with a sequence
of waypoints was generated in various scenarios in accordance with
the COLREGs.

Techniques including map processing and 8-connectivity were
used to strengthen the results. The modified A* algorithm provides
robust and computationally efficient path planning for the USV in
a static and dynamic obstacle environment. In future studies, the
wind, wave, and current will be included in the environmental
conditions for planning the path of the USV. Further, the path
obtained from the modified A* algorithm will be smoothened to
become the shortest path.
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Fig. 20 Comparison of path length and computational time obtained owing to changes in starting time for head-on case
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ABSTRACT: Recently, the Sub-Committee on SDC (Ship Design and Construction) of IMO have discussed actively the technical issues associated
with the second-generation intact stability criteria of ships. Generally, second generation intact stability criteria refer to vulnerability five modes ship
stability which occurs when the ship navigating in rough seas. As waves passes the ship, dynamic roll motion phenomenon will affect ship stability
that may lead to capsizing. Multi-tiered approach for second gemeration of intact stability criteria of IMO instruments covers apply for all ships.
Each ship is checked for vulnerability to pure loss of stability, parametric roll, and broaching/surf-riding phenomena using L1(level 1) vulnerability
criteria. If a possible vulnerability is detected, then the L2(level 2) criteria is used, followed by direct stability assessment, if necessary. In this study,
we propose a new method to verify the criteria of the surf-riding/broaching mode of small ships. In case, L1 vulnerability criteria is not satisfied
based on the relatively simple calculation using the Froude number, we presented the calculation code for the L2 criteria considering the
hydrodynamics in waves to perform the more complicated calculation. Then the vulnerability criteria were reviewed based on the data for a given
ship. The value of C, which is the probability of the vulnerability criteria for surf-riding/broaching, was calculated. The criteria value C is considered
in new approach method using the Froude-Krylov force and the diffraction force. The result shows lower values when considering both the
Froude-rylov force and the diffraction force than with only the Froude-Krylov force was considered. This difference means that when dynamic roll
motion of ship, more exact wave force needs considered for second generation intact stability criteria This result will contribute to basic ship design
process according to the IMO Second-Generation Intact Stability Criteria.

1. M = ko] F717F ARkl fe o] T F719 A w dAs=

FRAGE gt vleg] dEls ARk Axlo] iAol ¢

E,LX%]%HA]J]-TL(IMO International Maritime Organization)o] 4] A 7d-¢- ¥7F AA| 2] Sl JALE o) DA sh= Sl 27 4
ulo] 2R3 okde BAS] 93 ¢=5EdA ¢4 geve S o8k, #=3 GM, Metacentric helgh tO 2 Edgof 7k
Y g, Mzelold / BEd, deg A, $53 715 235 FF 2As ske So] MR 23 ﬁﬂ*&% H=gt A
5744 9Pg Av) meo) tid 24 B9 712l disf =o]  olFRal IR ETh & AFelA staA she FAIl Mzeeld
20| ATHIMO, 2017a; IMO, 2017b). <=5B-AA &8 AAe] 2 Aldto] F3 5 T 49, A= X 6£*E duke] &
A% Midship) 1217} spaieh 28w Ao Bgo] FAs  FEEIF AL MY SUR M QAT H=E B
A Zasis dAae Wt gemEY 2o MAd] A= A AAS Qg o] Hekst eV &2 A4S dAgith BE

Received 20 October 2019, revised 17 December 2019, accepted 19 December 2019
Corresponding author Byung Young Moon: +82-63-469-7455, moonby20@hanmail.net ORCID: https:/ /orcid.org/0000-0002-3935-504X

(© 2019, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

518


http://orcid.org/0000-0002-9287-9803
http://orcid.org/0000-0002-3095-5217
http://orcid.org/0000-0002-3935-504X
http://orcid.org/0000-0002-9287-9803
http://orcid.org/0000-0002-3095-5217
http://orcid.org/0000-0002-3935-504X

Development of a Computation Code for the Verification of the Vulnerability Criteria for Surf-riding 519

A& M zeto|go] A& EE B2k, Surge WHFOR Y Fl A
A WA O] A el A Rt 4 dt Yaw ke
ERIES BRI o2 <&, MAZF HaF S
o 2F B} dElA HAEE st dRE
(Spyrou, 2001; Belenky et al., 2011). F+Z A%
ol g 34 AP, aflat Adto] o] gk JPEAE frAIEe
o Feksith AMzutolde] BE BERHTE oA sy
ol Azgtolg o] walo] B gt FHoFd 7|EE 32
skt ARSET 24T BUA 71ES F A Level = 74
ok Level 12 FAI98Hs Fatd & o83 s E814 7
"] FHokd 7]&ES o]83F HIlolA Level 2+ 8k ndS
A g3t B34 ALke Bl o] FolA & Hrlelth Axato|d
/ B23 Level 1 B Level 28] M 712l tiek A7+ U=
I e IMO Z%F 7i7gol wat o] Fof Hrok

_rﬂi.%e“;>irlr—ﬂ

® IMO, 201523} IMO, 2015b : A Ze}o|d / H2 3 Av)] ZEo
ik Level 1 2 Level 29] F oA 71&3 B3t =471
(IS, International Standard) Z=9] b F-&-ol gk =+ 7NA;

e IMO, 2015¢3} IMO, 2016a : AZElo|q / HZ2H Avrs
of oigh Muke] HepAdo gk A F4 &<k

® IMO, 2016b : A Zgle|d / B2 A Aujns
7120l gk oJ7;

Level 2

Level 1 7|22 Aute] dolo} 3&59] o F FAF =
FAd 79 ZRE 2 A F213F T Level 2 71E
< GEEH BHoNA FT o] 2ol o3 Yoje] =] =1
Al Azefo|do] WA= YAEEE Tok F2AEETh
Level 13} 71 & 2Fo]&-& Level 2014+ Addlo] s}dol 23|
FEFE jte oA Algte] FaEE Holok wehA B AT

oAM= TS ALY Level 1 7|5& RHEESHA| X3k 49,
a5 FolA9 Level 2 71&9 B33 ALkE Fst7] A3l
IMO 93l A 7} Hol 4% 7] ZHIMO, 2019)=

o2 gk 8 ey} 3T e T3 A Auke

Arrdy d3E AAZ

i

2. Level 1 £ 7|&

4 ()3} e =AM Avhe Azelold ) ned gy
A mEd] Hoksha e AoE A,

L>200m or Fn < 0.3 M

o714,
Fn:u/\/LZ: R
u o AAEY] L& E[s)
L : Adute] Zdo|[m]
g @ TE7FEE[9.81m/s%

Level 1 7138 Z2T o I3 AL Auke] &£x(y)7}
2 Q% 2L 20 WSS B9 AzZefodo] Y ThsAd
o] F2 Zo =2 Fsith

1.8VL

u(lmots) >
c0s(180° — )

@

A7IA, e A YAFS
Head wave ©]th.

o7} 180°2 7}ASIH(following wave) ZFE= = 2] 3)F
Zo] HEHY,

= ke Amelth o7t 0°d A

1.8%0.51444

Fn > 7 =0.296 =~ 0.3 ?3)
2] 3y Arke) HAA AElVE Aazeteld 2o =] gk

LAk steto g FET

3. Level 2 F[2N T7|&

Level 2 # ok 715 A4ke 2% 2412 IMOoNA 74 7]
= Z2KIMO, 2019)¢ll ZASt] E@3FA T AXFE A= MO
A g% 715 &2k whEt Fig. 1 Flowchart®] 4714 B89
TG

3.1 1% Part AHAEX}

A HA B-E(Part 1) Melinikov method®l 2J3] A A= A
Zejo|y Ao WP A(Maki et al., 2010)0] dlgal= T2z
AA 3R F(n, ) S 2B Fh o] 24 AdEke] £X(y)2 T}
Z9| £5(c)% FYFES JIEdTh n, & T 22 It

HlE] ol 93l 22} WAAE B3l AktEct

o 2duke] F)astH
° 761"* = A3 R
° .ﬂ]{ﬂ ZE:]

AEEE, 1)

E—ﬂ. U]'ﬁ\—ﬂl t

7
.« wsH W, Z2e AF D

P’ P
o AFHAL S, =H,/\, A§=0.0012 THHOZ 0.035E 0.15
o 2dA o] Aolell thet 5o B r, =)\ /L, Ar=0.025 HAH O

Z 1.0%H 30

DA AT (n, )0l e 23 BG4S 4] (49} 2t
T (¢, ) — Rlc)
2m 7 +8ayn,, +8a, —4ma, (€)
vy
64 024
+ 3% 127a, + 5 % 0

o171, Aute] £E(u)oh ()L T (u=c)

7 (¢, ) =Ty, +7i6m, + 16 @)

R(ci) Ty +76 +7“20 +rgc +7‘4C +7’5¢ ©6)
g 21

¢ = ?,kf:T,H;jzsjriL @



520

Dong Min Shin, Kyoung-gun Oh and Byung Young Moon
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Level 2 vulnerability check of Surf-Riding / Broaching criterion



Development of a Computation Code for the Verification of the Vulnerability Criteria for Surf-riding 521

ay == ——— ®

74 2r,6 + 30,8 +4r,E 45,6 —2nc,

— ; ;
: ik (M) )

7y +3ryc, +6r,¢ +10r,¢ —1, .
“o (ML) (10)
y = TG P0G o
’ (M M) &

r, +or.c

"Ry (1)

I

\/W Vi (13)

A7\A, e Addte] AR A Surge WO FAMEF 1 &

Surge WO &2 A-83h= 9t o] xFo|tt
T1¥] 3L Froude-Krylov 39] &L T3} 2t}

= (14)

fii=
Z AI!)LS m )Sln (kixm )eXp(_ 05de(Im ))
m=1
F o= E Az, Sx,, )eos (kx,, Jexp(—0.5kd(x,, )
m =1
371 A,
X, AAS] PAFHOLRE WA WA el

n

A2 [m]
dx,): A 5 mAA il &4 m]
S(X,): BF F mAA TolA 3 B2 WA

- @A A

=

o ASEe] AL A (15.17)3 o] AE,

n =k (1—t,)pD) (15)
7=k (1—tp)(1—wp)pD]? (16)
7 ikZ(1*751))(171111))2/)Dp2 17)

2 (15) ~ (17)] F7H2=H(t, )k WERHI()E Artyszuk(2003)
oﬂH&l A7E 8319t 2248 F9 g0l U 24

A5 vs Ko kz = _:_)\-] S 231 thekr o 2 A3 4] (18)§.—r
5] °é°1{1?}.
2
Kp(J) = Y kJ =k, +k J+ kyJ? (18)
i=0

3.2 2" Part HAEX}

TR F(Part 2)2 AdRte] QIS ERRE dojx=
ZeE Sg Ade Rt YASEE 29 79} A
Rolel BHBRAA Qopel Azel AvE 4 Ak

n, =u,/VIg (19)
AN WASE, u & 4 oyl dlolch
1 (ugin, )= R(u, )= 0 (20)

T (ug,5m,, )= (1=t ) on? DHky +ky J+ Ky} @21

Rlu,, ) =7y +ru, +ryul +rgud +rul +rod (22)
A7IA 7 = 4 (23 Z

_ uw_(l—wp)

= D, 23

YA ZFE = m, ol wet, @ = 4 (249 2ol 0 ==
= Aot

Vit Fn> P, o
W0 if Fh < Fh, 24

2 249 @ #& Fig 19 3l digk dubdo)o] H] o,
TGAAL s, A0 wE ilA 24 AFet A 24 TG
Fixj 3719 FH QA0 0 EE 10] X EHE oJu]olth

3.3 3" Part AR}

Al AR FE(Part 3)2 TG} s, Il TiRE Adubd ol
» Y Tal f4, 3L Zero-crossing HE F7] 7,02 T
B=o] ERE I Wy & T FEelth w
F2]2 Pierson-Moskwitz(PM) E}e] 3= s EH0 7]
Aegholt). o] e AHEQLS Rojxdels &
o]gi SAR s wgR A FE AR

z
> M
#ﬁﬁiﬁ
m

oo o ox
%
H
o,

o R e N

[
-i i
5”.
o
K

VIHZ A as 25)
1+ \/1+1/‘

Lrs 2 1 T2
*exp 72( ¥ii ) 1+V2 1—
s

01
2mr, L

q71A, A 26)9] 7;,9F viE IMO 71% Z2KIMO, 2019)°14 A

o Aot}

\/> L (]1 2 3/2

(Z A— H’ ji

§

7, =1.086 7,
v=0425 (26)

azla A @nel e w0l For TaEn.



522

@

3.4 4" Part AMNEX}

uplgto 2 o] HA EEPart 4y 4 @7)lA TR 2o
HES HAFGe =N HEAL AAg ¢E T Flolth 9]
o, 2] 331 A, Zero-crossing = F7] 7.9 = FAH
7V 84, mE EYTTE A 28)Y ogkel Ry, (=0.005)XETH
Ztom Muto] Mzgloly / HEH Hokr|ZoZHE QHAS)
tha FAHETh R, 9 vl M EZgo|/BHEA FHekre d4
o] dojt FEE 0.5%°] & 7IKIt) ol IMOIA A& 7]
Fo2 s ol Alart A SFES ou|sy] wEe] vl
2 HyFog 7|EE A oz AzteEnh

N, N,
C=Y 0\ w2, )3 3 W2, < Ry, 28)
Hy T, i=1j=1

21 28)° = FFH)TE FIN( D) WE Tt a4
e IMO TFA(IMO, 2019)0l4 AlFst= Hol&9] HolHE
&8kt

4. MZzfold | HZF F

B Aol MZetold / B2H FHFA 7] H7) Level 1
I} Level 22] B71E ¢35 Table 19 A+ Kracht and Jacobsen
(1992)9] 3l A=k dlolelE st ALkS 33kt o]
RS2 DI~D77HA] ABZE AZE AubEE AR dolHE
o] Ae] HiEAR nAEHA T AubSolt)

Zagk Adut 29 DI~D77EA] Adute] Aol L=90mE FY 3]
o Foj3 L& o) Wl Mzalolg/B2A FHekrE Level
1ol thal =33+ H7FE Fig. 20 JERAATE ZF= 5= 0.3 9]
Bl e AzZelo|/BEA Level 1 715 B38la] Audlke]
AL FAL 5 e FHO, Satisfied)o] L TFE 5= 0.3
S Z9sh= PR, Unsatisfied)S Level 17152 S3kslA] &
Z Level 2 7]l g Alxks +8E o7t Qe FRbolth
mEtA B ATo)A AAIRE 33 Level 2 FF3 71E AlLbEar
of W}t cgkel ArkE FASHATH

olE 93l Ztzke] Muk mdo) thdk Ay 23 AR 4
o] AgdlolH (Begovie et al., 2018)E 2 (6)3 2] (18)°l wz}
12 g R 2AREY 2AERE AlFES Tk Fig 3%
Fig. 45 53l A3

Froude number (Fn)

0.8

Dong Min Shin, Kyoung-gun Oh and Byung Young Moon

Surf-riding / Broaching Level 1

06 L

05 L

04 L

| X Xx X x x x x xx000O0

03 L

02 L

mcccccccccooono

T T T

u
ship (m/s)
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Fig. 3 Resistance curve for 7 hulls

Table 1 D-systematic series-ships main dimensions (Kracht and Jacobsen, 1992)

Froude number (Fn)

Model D1 D2 D3 D4 D5 D6 D7
L [m] 90 90 90 90 90 90 90
B [m] 13.5 14.581 13.943 13.043 13.225 14.285 13.659
T [m] 3.6 3.888 3.486 3.726 3.527 3.809 3.415
CB 0.5 0.5 0.5 0.5 0.52 0.52 0.52
G 0.62 0.62 0.62 0.62 0.65 0.65 0.65
A t] 2243.623 2617.197 2243.697 2243.744 2239.289 2612.496 2239.293
Dprop [m] 3215 3215 3215 3215 3215 3215 3.215
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. Model DI D2 D3 D4 D5 D6 D7
" 127160 207591.5 138849.4 159050.6 126717.9 184706.8 112809.9
r 467285 763624 -50525.7 -58777.1 463282 -69120.9 421086
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ABSTRACT: The average coastline and the erosion control line introduced as the management coastline, and the average shoreline (MSL) was established
from the observed coastline. Also, the median grain size and the wave height of 30-years return period were applied. The erosion control line (ECL)
was established through the model, HaeSaBeeN. These two lines set the coastline for evaluation. Based on the observed monitoring data along the coastline,
the 1-day variation according to the normal distribution was used fo estimate the regional variation, and the width of the erosion was calculated by
applying the median grain size (D;,) and the wave height of 30-years return period through the high-wave coastal erosion width model, i.e., HaeSaBeeN.
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Fig. 1 Shoreline for coastal erosion management

Table 1 Definition of control coastal line

Line name Definition Explanation
CCCL Coastal constant control line Boundaries that are expected to be damaged by disaster
EPL Erosion prevention line Erosion setback line to protect the living area (Short-term erosion coastline)
ECL Erosion control line Line established to protect coastal roads and structures
ESL Equilibrium shore line Common shoreline
MSL Mean shore line Observed Average Coastline

OACL Ocean action control line

Coastline in order to restrict constructions or activities
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Table 2 Normal distribution function o=1,
return period

erosion width by

Return period [yr] Erosion width [m]

1 1.15
10 224
30 2.64
50 2.81
100 3.02
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Table 3 Result of the 1-day variance

1-day variation 1-day varience (30 year, m)

Beach location [0] (Erosion width x o)

9.48 25.03
13.35 35.25
16.12 42.57
17.59 46.44
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Initial Slope

Fig. 5 Concept and definition of HaeSaBeeN model using equilibrium beach profile
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Table 5 Result of the Extreme value statistics

Return Weibull Distribution (k=1.40)
Period [yr] Bongpo & Sokcho =~ Maengbang  Jeongdongjin
2 4.60 4.62 4.85
5 535 5.47 5.64
10 5.84 6.01 6.16
25 6.42 6.67 6.77
30 6.48 6.74 6.84
50 6.83 7.13 7.20
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100 7.22 7.56 7.61
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Table 6 Representative median grain size (2,,) of beach

Beach Location Representative median grain size (D)

Bongpo 0.62 mm
Sokcho 0.62 mm
Maengbang 0.45 mm
Jeongdongjin 0.44 mm

ZF s FYYA(D,,) e AA=E FEaEEe] A
2] Ae|ZAF R A(The Province of Gangwon, 2017; The
Province of Gangwon, 2018)°l4 ZARGE A5E HIGOE A&
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Table 7 Compare of the 1-day variance (30 years, m)

Bea.ch 1 day varience HaeSaBeeN Coefficient
location (30 year, m)
Bongpo -25.03 -14 A=0.1754, B=3.6 m
Sokcho -35.25 -13 A=0.1754, B=34 m
Maengbang -42.57 -57 A=0.1517, B=3.5 m
Jeongdongjin -46.44 -57 A=0.1506, B=3.5 m
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Analytical Solution for the Ultimate Strength of Sandwich Panels under
In-plane Compression and Lateral Pressure
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KEY WORDS: Ultimate strength 3|7} %, Analytical solution 31433}, Sandwich panel M=$%] #'d, In-plane compression Y| 4=,
Lateral pressure ¥8, Clamped boundary condition AT A=

ABSTRACT: The paper presents a closed-form analytical solution for the ultimate strength of sandwich panels with metal faces and an elastic isotropic
core during combined in-plane compression and lateral pressure under clamped boundary condition. By using the principle of minimum potential energy,
the stress distribution in the faces during uni-axial edge compression and constant lateral pressure was obtained. Then, the ultimate edge compression
was derived on the basis that collapse occurs when yield has spread from the mid-length of the sides of the face plates to the center of the convex
face plates. The results were validated by nonlinear finite element analysis. Because the solution is analytical and closed-form, it is rapid and efficient
and is well-suited for use in practical structural design methods, including repetitive use in structural optimization. The solution applies for any elastic
isotropic core material, but the application that stimulated this study was an elastomer-cored steel sandwich panel that had excellent energy absorbing
and protective properties against fire, collisions, ballistic projectiles, and explosions.

.M B

A== I'd(Sandwich panel)> dHkF oz AT7} g 4
A|(Core)e] FHoll gFS WA (Face plate)s B4 A= 7]
AH A= o] 53t F2AHFsL &olate] TRk 4+
A@AolA 2= At AA e AA= vl theksty AA
£ ¥4 2% Honeycomb) 50 & WFZto] = ) == HF
ko] $1=(Solid filling) FENE A2 THWikipedia, 2019a).
Sandwich plate system(SPS)S-2 &#H X FAo| 73 Alolo| &
2] EA g 2] B3 A (Polyurethane elastomer)E S+l A%k

SPS Panel

He A=A gido] I tiEA Q] Ake o] thWikipedia, 2019b). Conventional Stiffened Panel

Fig. 1914 & 4 dxo] M= dd 7= BT %o  Fg 1 A general structure arranement of sandwich panels and conventioal
Hlg) BAA S NrE 29 5 o 7= AFsie) gio] + stiffened panels (SPS Technology, 2019)

Z weslol] F Aol Atk H 200 a3 At H sl k=

E AdHlo] MEA] sid Fx9] F-8o] Fxt F7kEI gloH E AFeMe AAE MELA] 3del] 3= (Lateral pressure)
TANFEZ3ANA = ol thgk AR MEE S8l =¥

stz 3 WY YF(In-plane compression)©] 288 7ol g H3F
ATHDNV-GL, 2016; LR, 2019). = BAAAE stz ot AAERNA FE&sHA 28
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Fig. 2 A retangular sandwich panel under in-plane compression
and lateral pressure loads

Ao AAZAE A AAXACE syt 2 (1)
Ao AA o) FA= sk, (2) Ase A¥ SdASE
s T Alseld, 3) FA WIFoE vIkEAeln, 4) I
2 S tiaiA tiAolH, (5) HAY FAE gFobA 7
233 Z-2]B 9] 7P (Kirchhoff-Love hypotheses)S 487153}
3, (6) AAl= AL AT (Transverse shear force)TH s},
(7) AA FALERe HejddEe Fdst, (8) AAS HAl=
h kA AgtolEo] Yk 7HskAh

n>~

2.1 HA| ZEIAM of|{X|(Total potential energy)

1A A3 Fo]E(Kirchhoff-Love plate theory)ol] W] Th
e THT LAFHTGHE FBo|EofX H L %H(Displacement
field}2 Fig. 3% 2o olgfe] 23} o] AojFIthReddy, 2003).

i}vT/(x,y)}

ax

(Y, 2706 ) + 7 {1 (6 Y) — )

_ ow(x,
v(x,y,2)= 50 ) + 2 {1, (0, y) - o2

ay (2)

w(x,y,2)= W(x,y) (©)

A7V, w, v, wis A2 o] FHHAA o], F, AP W
s %S T BT MFECIT:

o W9l Rol 9]
BT A% L AR B8}

2 (1) SIREC L IEE
T3 WA 2] (Constitutive equations)< Th3} 2T}
om
Ne) (A A O ox
N w
y (7|42 An O 2y
ny 0 0 A66 ou ov
o= oy @
{Qx}:[Ass 0 ]{yxz}
Q) 10 Ayl ®
g _ W
M) Dy Dz O ox ok
M, \=|D;; Dy 0 a;/_;z - ZTV:
Mxy 0 0 D Axz , yz a%w
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ay ox Oxdy.

o714, N,. N,, N, = B A EolaL
E AEoH, ., @ "G /‘é—ErE. EL
Zgol= sheolth 2 AAAITES ol 2ol 7‘3«] ozl
TH(Plantema, 1966; Vinson, 2005).

A= App=2Et /(1 — v2), Ap=VAy;.  Ase=A;(1—v)/2 7

A44: A55: thc (8)

Dyy= Dyy= Et;(3t2 + 6t .ty + 4t})/6(1 —v?),
Dip= VD11, Dge= D11 (1-v)/2 O
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<

=1

Fig. 3 Deformation of sandwich panels acoording to first-order
shear deformation plate theory
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28k skeol ik FAR 7)o WA WEE
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(Plantema, 1966; Vinson, 2005).
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Fig. 4 Finite element modeling for retangular sandwich panels under
in-plane compression and lateral pressure with clamped edges

Table 1 Investigated sandwich panels for the collapse behavior under in-plane edge compression and lateral pressure

Face plate Core
a b p
[mm] [mm] ty E v oy te E, v [N/mm?]
[mm] [GPa] [MPa] [mm)] [MPa] ¢
2400 2400 6 206 0.3 352.8 40 750 0.36 0.3
2400 2400 6 206 0.3 352.8 60 750 0.36 0.3
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4 I?/ t=40 mm
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0.6

axa/aY
5
\

Concave (compression
Ta: Yield at the mid-length of the unloaded sides
0.4 b Ic: Yield at center
Convex (tension
E Ila: Yield at the mid-length of the unloaded sides
la IIb: Yield at the mid-length of the loaded sides
Ilc: Yield at center
0.2
a=b=2400 mm, t;= 6 mm
E E =206 GPa, 6y =352.8 MPa, v=10.3
E, =750 MPa, v, =0.36, p = 0.3 N/mm?
0.0 T T T I T I T I !
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w/T (at center)
Fig. 5 The collapse behavior of sandwich panels under in-plane
edge compression and lateral pressure with clamped edges
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Fig. 6 A schematics diagram of progressive yielding of the face
plates of sandwich panels under in-plane edge compression
and lateral pressure with clamped edges
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Table 2 Sandwich panels for ultimate strength calculation with ANSYS

a b tp tr: P U.r u/UY
[mm] [mm] [mm] [mm] [N/mm’] FEA (ANSYS) Present (Eq. (30))
6 40 0.778 0.826
8 40 0.855 0.893
10 40
5400 0.899 0.923
60 0.950 0.947
60 0.980 0.969
10 60
5400 03 0.994 0.979
6 40 0.783 0.755
40 0.888 0.879
10 40
200 0.933 0.929
6 60 0.965 0.892
60 0.999 0.944

10 60 1.011 0.966
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Appendix

The seven simultaneous algebraic equations for the coefficients
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Modeling of the Temperature-Dependent and Strain Rate-Dependent
Dynamic Behavior of Glass Fiber-Reinforced Polyurethane Foams
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ABSTRACT: The purpose of this study was to establish a numerical model of polyurethane foam (PUF) to simulate the dynamic response and strength
of membrane-type Liquefied natural gas (LNG) Cargo containment system (CCS) under the impact load. To do this, initially, the visco-plastic behavior
of PUF was characterized by testing the response of the PUF to the impact loads with various strain rates as well as PUF densities at room temperature
and at cryogenic conditions. A PUF material model was established using the test results of the material and the FE analysis. To verify the validation
of the established material model, simulations were performed for experimental applications, e.g., the dry drop test, and the results of FEA were compared
to the experimental results. Based on this comparison, it was found that the dynamic response of PUF in dry drop tests, such as the reaction force
and fracture behaviors, could be simulated successfully by the material model proposed in this study.

1. = dubH o s WHEHIY LNG CCSE A - 4 shsstolxol
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gas, LNG)9ke] 37lol 98] el €24 @4 ING 38 AE A WESA I3 722 *4741151?1 g E e o
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o 9lo] Al o7} Ha ATHLee et al. 2010). AG7A] 4 FAOITh diHFos ¥ A7 4L Ux HIE £5 H
2314S B3 24 e ccse] 54 Ars Agdon  HA 28t 22 W] welt GEA 22 (Gibson and Ashby,
Brlelr] 98 Be ARE fATE AA(Fhid stucture  1997) WEEJF ING CCSel =g A Hrsr] 93l
interaction, FSI) @4}, %74 31&slolA CCS T4 Agdl tgt  Ae SAL A o5 o JFS Hste 2o B8
54 A% 79 53 2o WAZ Q) oyeS A1 e A Stk WEbA NG CCS9l 3 RS faaddE el 4
o] Apdoltt. FHo g Wrlsly] fsA= PUFS] B=
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Fig. 1 Configuration of specimen for material test

(a) Quasi-satatic test

(b) Low velocity impact test

Fig. 2 Test equipments for material test

Table 1 Low velocity impact test conditions

Density Impact velocity Impact energy
[kg/m’] [mvs] J]
40 1.0 2.0 3.0 6.9 233 234
130 1.0 2.0 3.0 112 27.6 524
210 1.0 2.0 3.0 11.2 45.0 81.8

HYE £5d e 53 A= §EA4S Hrkel] A A% &
2 A E-e 44.5kNe] 254l 8-S 7FA& INSTRON DYNATUP
9200522 ALE3FE oM, AlE-S H3l Fig 2(b)} 2ol #F F
Z AN EE H(Tup) AL (Envi)S HEEHE A 4= 2 A
e A3l At ARSI A& T4 AP dat FHE0l
AL Bt w31 59} oUR|= Table 13} 2tk AE
o] 2e4 885 nE8te] ZF Al Z2oA] s79] AlsH
sl gt glo] AlHS g4t 1t HYEE &%) 5057,
100s" 283 15057} HEE EFEA £5E 1.0m/s, 2.0m/s 18
I 3.0m/s2 AAIIATE T4 A2 20°C =23 5341 4
ABoll A HA L= 2791 -196°C AL F 712 2|4 AA|
3T olu, PUF= #HAlE 55 A(Closed cell) 7-F2& 7+
Aoz dEA Qoi(Choe et al., 2004) FA-= Al =1L A3}
Aol NS FHAA T, 2 Al A3} Fa
3z AIZHS Table 28] W=of w}2 PUFS] 2w} st 24
o} AdY | Al 7he] A iR e A= G Y
< B3tod AASATE ofull, Al FHA 3H3] AT JA Al
9] 57} -196°Cell EE3h= ARk = A oJ3tAith Fig. 30 H=

Table 2 Thermal properties of PUFs with density

Density [kg/m’] 40 130 210
Conductivity [W/mK] 0.018 0.023 0.028
308+4.41T

Specific heat [VkgK] (Gibson and Ashby, 1997)
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Fig. 3 Temperature variation at the center of PUF specimen in

liquefied nitrogen
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Fig. 4 Comparison of stress-strain relationship obtained by quasi-

static test

Table 3 Deformation shape of PUF specimen after quasi-static and impact test

Density [kg/m’]

Test vel. 40

[mvs] RT CT RT

130 210
CT RT CT

XY Z XY
Q. S*

1.0

.'
o &

Brlttle
fracture

: Brittlé
fracture

"RT: Room temperature, CT: Cryogenic temperature, Q.S: Quasi-static
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Fig. 5 Rate dependent stress-strain relationships to Z-direction obtained by impact test
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Fig. 6 Rate dependent stress-strain relationships to XY-direction obtained by impact test
Table 4 Yield stress of PUF with density, temperature and strain rate
Loading Density Qs 50s™! 100s™! 1505
direction [ke/mm’] RT cT RT CT RT CT RT CT
40 0.34 - 0.42 0.65 0.48 0.69 0.53 0.71
Z 130 1.35 - 2.07 3.05 2.61 3.40 2.89 3.62
210 3.04 - 4.46 7.21 5.48 8.52 6.25 9.45
40 0.27 - 0.34 0.58 0.37 0.62 0.43 0.67
XY 130 1.70 - 2.20 3.00 2.51 3.55 2.82 4.15
210 4.20 - 5.65 9.20 6.75 10.4 7.45 11.9

" Q.S: Quasi-static, RT: Room temperature, CT:

Cryogenic temperature



Modeling of the Temperature-Dependent and Strain Rate-Dependent Dynamic Behavior of Glass Fiber-Reinforced 551

Table 5 Yield strain of PUF with density, temperature and strain rate

Loading Density QS 50s™! 100s! 150s™
direction [kg/mm’] RT cr RT CT RT CT RT CT
40 42 - 45 4.1 5.1 7.0 57 8.8
z 130 33 - 3.4 3.8 5.1 6.1 6.2 75
210 35 - 55 3.8 5.8 5.0 7.0 6.7
40 42 - 47 55 53 59 6.7 9.0
XY 130 438 - 43 5.1 5.8 72 75 8.7
210 44 - 59 47 6.0 6.2 83 8.6

" Q.S: Quasi-static, RT: Room temperature, CT: Cryogenic temperature
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Fig. 10 Dry drop test frame and measuring system

Table 6 Model dimension and structure used for dry drop simulation

Layer 1 2m 31 4h
Material Plywood PUF Plywood  Mastic
Thickness [mm] 9 249 9 15

Dimension [mm] 400 x 400 (width x length)

Mastic rope width & pitch: 25 x 125 mm

Remark 2™ layer PUF density: 130 kg/m’
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Table 7 Material models for dry drop simulation using LS DYNA

Part Material model
Drop body / Steel plate Rigid model

Plywood Orthotropic elastic model
PUF Fu chang foam model
Orthotropic elastic model
Mastic Linear elastic model

Velocity

Plywood

=
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KEY WORDS: Ice gouge 3=, Ice keel Al W, Ice keel-seabed interaction -3 A Z|¥t %528, CEL(Coupled eulerian lagrangian)
method CEL 7|™, Arctic pipeline 54| jo]Zz}<l

ABSTRACT: The ice keel gouge and seabed interaction is one of the major considerations in the design of an Arctic pipeline system. Ice keel and
seabed interaction engineering models based on experimental data, which give an explicit equation for estimating the ice gouging depth, have been
suggested. The suggested equations usually overestimate the ice keel gouging depth. In addition, various types of numerical analyses have been carried
out to verify the suggested engineering model equations in comparison to the experimental data. However, most of numerical analysis results were
also overestimated compared with the laboratory experimental data. In this study, a numerical analysis considering the contact condition and geostatic
stress was carried out to predict the ice keel gouging depth and compared with the previous studies. Considering the previously mentioned conditions,
more accurate results were produced compared with the laboratory experiment results and the error rate was reduced compared to previous numerical
analysis studies.
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Fig. 3 Construction of the CEL model
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Fig. 6 Tracer particle array used to characterize subgouge deformations



560 Mun-Beom Shin, Dong-Su Park and Young-kyo Seo

Horizontal Subgouge Displacement [m]

0.0 0.5 1.0

15 20 25 3.0 35

Depth Below Ice Keel [m]
-~

—e— PRISE 05-D1 Present Study
—v— PRISE 05-D1 Experimental Test
L S —&— PRISE 05-D1 Abdalla et al (2009)
—O— PRISE Engineering Model

(a) PRISE 05-D1 case

Fig. 7 Comparison of horizontal subgouge deformations with the

PRISE 06-DI case 23}9] 7Z-¢- 4 RHAEHA £ A+ vlw
Al Ice keel o}l 0.5mAIHAA 25%2 A 2x1&0] TAY3HY
3, 7129 £ A7 PRISE 29 49] A ex&2 7
b oF 22%, 24%E B ATY A&} A nlszsiAl UEt
ot J3u AR B AT B LSS 14%=E v
ERga, 7]Ee] X314 A9t PRISERE 212 27t 16%,
15%9] QA& 2 A9 X Afro o & A7) YA H
= Ao Yelgtl kA% PRISE 06-DI(Fig. 7(b)Y) 7% ¥
AR Aol A Tce keel o1l om A A7} AAIHA e
0.38me] AFRHE AAStL oeu B ATE 4T X1
0.38m AHE 4h=ste] Bl stth 1 A B A7 A&
< 22%°1H 71E9] FAEA ATE 6.1%E dAREEE 4
e} 71 AT

olFg 3 WAIYUAL 7|EY A& AT B AT
TYE CEL7MS AREStG o, sfiAARke] Wi 3
Geostatic stressE ILH3HA] 2 Zfo]d o2 AdHTh

N o

4. DfES T1ejst Y= x[6iA

4.1 lce keelz} SHXX|Ete| OFEE D2{sh 4| sl4

Ice keelo] S|AANLE Fom AUyl WallEd @A 4
Zo| ZYEHA Ice keel2] ZH 2 slhiolA LAE= EF
AgH Aol #ol= BEHo] I V18] wlEel AR
W) A-g7he) mhge] 1 e QlojA Fagk wgolt
o Ao B AFANr} 7|E FA|s| Mo nlal] dAmFgAY
Aztel v Al Al H oz B 233 A9E =SS o
A3 AR i 2 238L EAIEIYT) o= 7]
F9o] FAEME A7t SNAANT Tee keel] FEAE-S A
2 FEsfuA Z2d5S 52 5 Aok WA Tee keel
A Ao Ao Ag-s By A8sHA W] KA vk
o ¢]& ko] pEF ook F}

ole} 2ol Ice keeld} | AAke] vpol odt F&FS 11
W2 £33 e mA mdy 2 AAzAL oA 38

«

A ANE A 203 FdsHAl s =3k 7=

Horizontal Subgouge Displacement [m]

0.0 0.5 1.0 15 20 25 3.0 35 40 45 5.0

Depth Below Ice Keel [m]
FS
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l

—e— PRISE 06-D1 Present Study
—v— PRISE 06-D1 Experimental Test
L o —@— PRISE 06-D1 Abdalla et al (2009)
—O— PRISE Engineering Model

(b) PRISE 06-D1 case
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A P E A e s A AR npEe) o3 FFE k] 9
3l Abaqus/Explicit®] Contact®71< X835 TE 714 849
A 4-5& Contact Z319] th3EZ Q] Shear friction 22 F 7HE @
2] AH&EE Coulomb friction 2&-& #-&3lTHABAQUS, 2018).

o]} -2 Coulomb friction -2 £ 3|40l AHEH & F
a4 &4 =239 ABAQUSOIA  Equivalent frictional
stress(r,,, )¢} Critical stress(7,,,, )& F =W o)== 2] (4)(5)%F 2
THABAQUS, 2018).

T, = VAT Q)
Terit — HP (5)

AZA, 7,7, & HAE5HNAS] Ae--H(Shear stresses)©] AL, p
= Ao, p= AE5YE(Contact pressure)©|Th. ©]2] gk
Contact F71-& ABAQUS®|A] Penalty constraintg A]3s}=
‘hard” contact FoNA FAEI, HEF F EIyl F8&H
Penalty algorithms AF&3F Ice keeld} 3| AX|WF Alo]e] wlzh
< AAste] A83tqh

G Iee keel# A|HH] vl = A o) AAE 7|E
9] A7 (Barker and Timco, 2003)Z HlE} O & A3} THTable
3). AT B FAT A= SandAHEE)NA S4E AR B
ATolA = Clay= A8k 243 A& 718t Sand B Th= v}
Zol| &gt o] AL ZoE AUHATE FTHHOE Steel T
Sand2] nFEASE 0.3, Steeld Clay2] tFEAISFE 0.27] Q=
o}(Grigoriev and Meilikhov, 1997; NAVFAC, 1982) Z&% 1 3]
o} =3 59 (Anne and Garry, 2003)°14 & (Saline ice)2

el

Table 3 Friction coefficients from laboratory studies

Sand Sand
[Bulldozing] [Transition]

Sand Saline
[Sliding] ice

Ice velocity

[0.1 m/s] 040

0.32 0.23 0.03
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Fig. 8 Analytical comparison contour of non-contact and contact
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Table 4 Comparison of error rate with experimental result (PRISE 05-D1)

Present study Analysis
PRISE engineering model
Non-contact Contact € € by Abdalla et al.(2009)
0 m error rate 19 % 0.82 % 0.78 % 38 %
Position of Maximum error rate 21 % 4.6 % 29 % 38 %
Average error rate 15 % 2.7 % 18 % 32 %
Table 5 Comparison of error rate with experimental result (PRISE 06-D1)
Present study Analysis
PRISE engineering model
Non-contact Contact € € by Abdalla et al.(2009)
0 m error rate 22 % 51 % 24 % 6.1 %
Position of maximum error rate 25 % 51 % 24 % 22 %
Average error rate 14 % 39 % 15 % 16 %
Aot S & F Utk B 7E AFEFH B AT A &S E] 0, 3] i & eabgo] HEHE s o
AE N AAE 44 dARFAY AAE Ve AEE F At
2] 3o Table 4-52] Present study2] Contact case= LERN AT} (3) °lEe 238 E0]1, Ice keelF A A|HEL] &2
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|
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g
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| o Yo
R
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3, A A7kel HIF QAL 3.9%E UERTH A3, olF wigoe g x| mo]xglele] <kt wj
Aeld AFolA 7]&Ee] FX34 A+ PRISERY 2, 17 T3 AFE 3 A ool

3 vkE-E 1A 2 3 (Non-contact)®] A3} B, E 44
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ABSTRACT: Numerical simulation of the sediment by the Delft3d model was conducted to examine the changes in the sediment budget transport caused
by long-term wave changes at the Maengbang beach. Representative waves were generated with input reduction tools using NOAA NCEP wave data
for about 40 vyears, i.e., from January 1979 to May 2019. To determine the adequacy of the model, wave and depth changes were compared and verified
using wave and depth data observed for about 23 months beginning in March 2017. As a result of the error analysis, the bias was 0.05 and the root
mean square error was 0.23, which indicated that the numerical wave results were satisfactory. Also, the observed change in depth and numerical result
were similar. In addition, to examine the effect due to long-term changes in the waves, the NOAA wave data classified into each of the representative
wave grades, and then the annual trend of the representative wave was analyzed. After deciding the weight of each wave class considering the changed
wave environment in 2100, the amounts of sedimentation, deposition, and the sediment transport budget were reviewed for the same period. The results
indicated that the sedimentation pattern did not change significantly compared to the current state, and the amount of the local sediment budget shown
in the present state was slightly less. And there has been a local increase in the number of sediment budget transport, but there is no significant difference

in the net and amount of sediment moverments.
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Fig. 1 Overview of target area and observation point (Maengbang
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Fig. 2 NOAA wave data at Maengbang beach offshore
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Fig. 4 Representative individual wave data ratio to total wave data
Table 1 Representative wave specifications
Order H; [m] T, [s] &, [deg]  Count [%] Order H; [m] T, [s] &, [deg]  Count [%)]
1 0.61 6.53 47.74 12.021 32 3.39 9.20 14.15 0.104
2 0.64 6.36 30.12 11.422 33 1.21 6.19 165.64 0.087
3 1.43 7.72 28.80 10.905 34 2.35 7.75 148.32 0.059
4 0.49 4.66 150.48 6.291 35 4.39 10.18 46.38 0.046
5 0.57 5.38 69.38 6.036 36 3.43 9.07 67.76 0.042
6 0.53 4.81 90.21 5.634 37 2.38 7.55 109.28 0.035
7 1.36 7.89 47.57 5.568 38 4.30 9.80 14.57 0.026
8 0.50 4.53 109.22 4.890 39 2.39 7.57 130.62 0.024
9 0.57 5.17 -28.36 4.083 40 5.39 10.72 30.08 0.016
10 0.47 3.97 130.38 3.985 41 3.16 8.12 -30.58 0.013
11 0.61 5.37 12.01 3.957 42 3.39 8.70 148.46 0.013
12 0.61 5.01 -10.89 3.527 43 4.29 9.43 67.98 0.011
13 237 8.78 29.01 3.323 44 5.32 10.40 43.94 0.010
14 1.41 7.12 11.95 2.743 45 3.27 8.51 85.56 0.008
15 1.36 6.83 69.07 2.164 46 3.37 831 -8.50 0.007
16 041 4.86 165.62 2.102 47 4.22 9.48 82.68 0.005
17 1.39 6.46 -27.04 2.026 48 248 8.61 161.21 0.004
18 1.36 6.54 -10.78 1.995 49 431 9.05 -5.39 0.004
19 1.33 6.63 88.93 1.196 50 4.56 9.83 151.96 0.004
20 2.36 8.75 48.02 1.085 51 3.50 833 132.06 0.004
21 1.28 6.34 149.99 0.712 52 6.46 11.09 28.90 0.004
22 3.36 9.44 28.97 0.664 53 6.58 11.59 1233 0.004
23 1.29 6.23 107.93 0.606 54 5.39 10.34 9.53 0.004
24 2.36 8.39 13.20 0.562 55 4.47 9.63 128.43 0.002
25 2.36 8.03 68.64 0.406 56 6.06 11.19 50.69 0.002
26 231 7.50 -28.17 0.382 57 4.01 9.77 161.89 0.001
27 1.31 5.79 130.60 0.372 58 3.12 9.38 161.74 0.001
28 3.36 9.44 47.86 0.255 59 4.30 9.17 119.26 0.001
29 231 7.55 -10.59 0.250 60 3.06 8.50 117.08 0.001
30 2.33 7.80 88.48 0.163 61 5.05 8.95 60.46 0.001
31 4.38 9.88 29.36 0.131 62 5.13 9.69 -4.44 0.001
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Table 2 Operating conditions for numerical simulation

Domain size 10.2 km x 10.0 km
Grid size Ar or Ay =15 m ~ 45 m
Grid number 82,460 (434x190)

Computing time
Offshore boundary

1 day

Representative wave specifications
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Computed Grids
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Table 3 Wave number and weighting factor of Representative wave specifications

569

Order Wave number Weighting factor Order Wave number Weighting factor
1 505 63.13 32 2 0.25
2 534 66.75 33 4 0.50
3 432 54.00 34 0 0.00
4 572 71.50 35 5 0.63
5 276 34.50 36 0 0.00
6 312 39.00 37 1 0.13
7 287 35.88 38 0 0.00
8 198 2475 39 0 0.00
9 221 27.63 40 0 0.00
10 299 37.38 41 2 0.25
11 260 32.50 42 0 0.00
12 186 23.25 43 0 0.00
13 122 15.25 44 0 0.00
14 187 23.38 45 0 0.00
15 135 16.88 46 0 0.00
16 162 20.25 47 0 0.00
17 161 20.13 48 0 0.00
18 115 14.38 49 0 0.00
19 78 9.75 50 0 0.00
20 62 7.75 51 0 0.00
21 59 7.38 52 0 0.00
22 20 2.50 53 0 0.00
23 42 5.25 54 0 0.00
24 37 4.63 55 0 0.00
25 12 1.50 56 0 0.00
26 29 3.63 57 0 0.00
27 19 2.38 58 0 0.00
28 10 1.25 59 0 0.00
29 28 3.50 60 0 0.00
30 0.75 61 0 0.00
31 0.88 62 0 0.00

(UNIT : m)

s
N

Transport

(UNIT : m?)

—— N 4
0 500 1000m .

SN

1
0

<2
g

Fig. 7 Comparison of bathymetry change between observation
data and numerical result (2017. 03 ~ 2019. 01)

Fig. 8 Sediment budget transport result (2017. 03 ~ 2019. 01)
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Wave Control by Tide-Adapting Submerged Breakwater
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KEY WORDS: Tide-adapting submerged breakwater 2 =53 ZtA|, Wave reflection 2% WAL, Wave transmission 3% AE,
Wave energy dissipation 3}% o|UA] 744, Breakwater development 34 71, Hydraulic experiment 243

ABSTRACT: A submerged breakwater is a coastal structure built under water with excellent landscape. The depth of the crest of the breakwater should
be maintained at more than a certain level in order for the submerged breakwater to control waves properly. This means that the effect of blocking waves
deceases sharply at high tide in coastal areas with large tidal differences. In this study, we proposed a Tide-Adapting Submerged Breakwater (TA-SB)
to overcome this problem, and then we conducted hydraulic model experiments to evaluate the performance of the TA-SB for controlling waves. The
experimental results showed that the tapered wings attached to the crest of the TA-SB helped induce forced breaking waves. In particular, they were
very effective in blocking waves and attenuating wave energy at high tide. In addition, the wave control performance of the proposed TA-SB was far
superior to the Tide-Adapting Low-Crested Structure (TA-LCS) of the previous study.
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Fig. 8 Temporal and spatial distributions of surface elevations around tide-adapting submerged breakwater in Run-25 (h=37 cm)
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ABSTRACT: In order to understand the characteristics of beach deformation, in this study, numerical simulations were conducted using a 3-D
hydro-morphodynamic model (HYMO-WASS-3D) to analyze the characteristics of beach deformation due to the coastal grounduwater levels. HYMO-WASS-3D
directly analyzed the nonlinear interaction between the hydrodynamic and morphodynamic processes in the coastal area. The sinmulation results of HYMO-WASS-3D
showed good agreement with the experimental results on the changes in the profile of the beach in the surf and swash zones. Then, numerical simulations
were conducted to examine the characteristics of beach deformation due to the variation of the level of the coastal groundwater. As a result, the beach
profiles were examined in relation to the wave breaking in the surf zone and the wave uprush and backwash in the swash zone due to the differences
in the water levels. This paper also discussed the temporal and spatial distributions of the velocities, vorticities, and suspended sediments in the surf

and swash zones with various levels of the coastal grounduwater.
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ABSTRACT: Numerous deaths and substantial property damage have occurred recently due to frequent disasters of the highest intensity according
to the abnormal climate, which is caused by various problems, such as global warming, all over the world. Such large-scale disasters have become
an international issue and have made people aware of the disasters so they can implement disaster-prevention measures. Extensive information on disaster
prevention actively has been announced publicly to support the natural disaster reduction measures throughout the world. In Japan, diverse developmental
studies on disaster prevention systems, which support hazard map development and flood control activity, have been conducted vigorously to estimate
external forces according to design frequencies as well as expected maximum frequencies from a variety of areas, such as rivers, coasts, and ports based
on broad disaster prevention data obtained from several huge disasters. However, the current reduction measures alone are not sufficiently effective
due to the change of the paradigms of the current disasters. Therefore, in order to obtain the synergy effect of reduction measures, a study of the
establishment of an integrated system is required to improve the various disaster prevention technologies and the current disaster prevention system.
In order to develop a similar typhoon search system and establish a disaster prevention infrastructure, in this study, techniques will be developed that
can be used to forecast typhoons before they strike by using artificial intelligence (Al) technology and offer primary disaster prevention information
according to the direction of the typhoon. The main function of this model is to predict the most similar typhoon among the existing typhoons by
utilizing the major typhoon information, such as course, central pressure, and speed, before the typhoon directly impacts South Korea. This model is
equipped with a combination of Al and DNN forecasts of typhoons that change from moment to moment in order to efficiently forecast a current
typhoon based on similar typhoons in the past. Thus, the result of a similar typhoon search showed that the quality of prediction was higher with
the grid size of one degree rather than two degrees in latitude and longitude.
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Fig. 6 Mesh segmentation in typhoon information with interpolation

Table 1 Parameters for Neural network

Parameter Case-I Case-11 Case-III
Model Deep neural network (DNN)
Hidden layer 2 layers 2 layers 2 layers
Activation
function ReLU ReLU RelLU
Dropout O O O
Mesh size 2 degree 2 degree 1 degree
Range latitude 20~50

longitude 115~145
Input parameter Route, Pressure, Moving speed

Interpolation

(1 hour) ) © ©
Input units 675 675 2700
s 19 95 e 3 e e
Output units 214 214 214
Study data 214 (1951 ~ 2017)

Test data 4 (2018)
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Table 2 Results of prediction model
No Typhoon Typhoon (Prediction) / Rank. Value of softmax
' (Test) 1 2 3 4 5 1 2 3 4 5 z
2018T07 197408 199109 199113 200613 199905  0.516 0.404 0.025 0.019 0.010 0.974
2018T15 200610 196804 199211 197209 199407  0.662 0.110 0.046 0.043 0.042 0.902
Caserl 2018T19 198508 200215 201207 200603 197006  0.740 0.141 0.025 0.024 0.021 0.952
2018T25 201618 200415 197408 198410 199711  0.330 0.320 0.172 0.124 0.023 0.969
2018T07 197408 198410 196715 199905 198118  0.886 0.023 0.017 0.016 0.014 0.956
Casell 2018T15 200610 196804 199211 195204 197209  0.737 0.128 0.036 0.014 0.014 0.929
2018T19 198508 197119 196617 200603 197006  0.948 0.015 0.014 0.006 0.005 0.988
2018T25 200415 199711 198410 197408 198118  0.542 0.373 0.052 0.008 0.006 0.981
2018T07 197408 198410 195204 199109 196715  0.813 0.061 0.042 0.023 0.007 0.946
2018T15 200610 197209 199211 199407 196804  0.490 0.147 0.135 0.050 0.028 0.850
Case-Ill 2018T19 198508 197119 196617 195209 196104  0.415 0.409 0.054 0.023 0.014 0.915
2018T25 199711 200415 198410 197408 198118  0.548 0.373 0.038 0.014 0.007 0.981
7 = - Iz == @
S 3 8~ [
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=== Test Typhoon(2018T25)
Case-1 (2degree)
= Case-11 (2degree)

1R I

Legend

=== Test Typhoon(2018T25)
= Case-II (2degree)
= Case-111(1degree)

ALY

(a) Result by Interpolation
Fig. 7 Results of similar typhoon for Kong-rey (2018T25)

(b) Result by mesh size

\

~



Study of the Construction of a Coastal Disaster Prevention System using Deep Learning 595
120° 125' 130° 135° 140" 145 150" 120° 125° 130° 135° 140° 145° 150° 120° 125" 130° 135" 140° 145" 150"
50° 50° 50° [ WES— 50° 50° 50°
Real Typhoon:2017T21 Real Typhoon:2017T21 Real Typhoon:2017T21
Select Typhoon:1983T05 Select Typhoon:1954T14
45° 45" 45 ] 45" 45 i i T 45°
a0 w0 40 i 0 a0 ) - A
= 092 4.00 //'A ///1/;/2321:
3’ %' 3 10/2/(3:00/ a\] % 35 10/2“_5.66;)/ 3s*
A10/233:00 ) /19/23 3:00
- % 0 # 1022300 o f =// &
10/213:00 r[&O/QQ 3:00
10/22 3{004 10/223:007
25" 25* 28 25" 25 b 25
) {67515 ) Searc_hpime
20° 20° 20 *— Search time 200 20 Landing] day before 20
Landi
nding 2 day before \Y“\,—/\
15° 150 15" b = - - 15715 15°
120° 125° 130° 135° 140° 145° 150° 120 125° 130 1357 140 1457 150 120" 125° 130 135° 140" 145° 150°
(a) Typhoon route (2017T21) (b) Landing 2 day before (c) Landing 1 day before
Fig. 8 Results of research typhoon due to search time
B MO E o2t BF 3 NSSHe 2108 Uehdth o Aol o3l AR AENIAGS Fashd FUE st
AFzHE EFo] Hak 2T w2t AR Holss s AERE A=A sIdEel o By &8 U
A7\Sk WA RAENE F AzEle] ATERE Aol A% AE woli WAl A9 Azdle] TE3) $ ooz 9l
B Z] AR R(ASE FAF Bl ol o3l EAE A=, T g 7243 FE S5317] HE Japan Meteorological Agency
A, F2 e 5HE v rz}qy-s}oq e AE A (2019)94 AlFSH= GPV(Grid point value) Blo|EE ]-&3l 7
F08 WA AY AzRoR Bgol bed o skt 9719 5 BiEe] BV 29ele] Ayl e ex
S} HIFOIEAR B B FAW A& HolEE THII F
54 = AEBS] ) Z3t Te] F5 Ade] T FUALU WA A
sw) P23 BEE ATE S9E Holth
B AFoAs Aol =l Eﬂﬂ xS 91 HlT=
A Ao oA Axd THE A% Bl APYE B s 7
8 A Azl zAe] 871A B 284 Brlsen
MEA 753 2] 7ee FAFES Ao 24S v B 2 e 2017d dEATATY olFEo2dTAN
7Vt Ax A AQdA o] IA FFEIRT FA A 2E o Z A (NRF-2017R1D1A3B03033090) = 2018 a4 AHE
o] &g 7HIXE FAeth & A7 FoF AT A= T 20180404) AP E gt e T L Ade ol £
&3} g, P ATAT F DS WIIR, A7) Aol AU,

1) ¥85+= bBF9 F24 H(Digital typhoon)S 4 1417t
AR APH Je2 BIsla el FHE E5el o]
4*8}71 %%H Az 3718 1°2 FFsHnh O A s
= AFEo] A PFIHJL AAt
2°9l Q%HMH Hot 1°9] A7 Bt AR ElES
= Aoz Yehgt
(2) o] A A" HEE A 753 RS o]
A7) EEAR(71EA dSHRE o83t FAME
A&t AA LAE B Fo] SH|o FEsH] el A==
7 HF] A ARFEAE, A, 3 79 TohE
g gpofste] FHAAE FHol=e Al7|9} A Fag WA

E ATTOEA A A A =HoZA S &E THRE
S =

(3) YZATE oL 45 Fofoll 3 i%ﬂ
St Zof| wE} I o= Az Ze
Fo] shErlole F5o] vl Fag Ao
FEo] AFEA AAAE ALAS 11%6}5
A2"g g g FpA BT BFol

&
k=
2

m>~

B

o 4 oo 2

it

¢

L

L

ERER

References

National Institute of Informatics (NII), 2019. Digital Typhoon. [Online]
Available at: <http://agora.ex.nii.ac.jp/digital-typhoon/> [Accessed
June 2019].

Japan Meteorological Agency (JMA), 2019. Numerical Weather
Prediction Activities Service System. [Online] Available at:
<http://www.jma.go.jp/jma/en/Activitiesnwp.html> [Accessed June.
2019].

Kim, Y-J., Tanaka, K., Nakashima, H., Nakakita, E., 2015. Debris Flow
Prevention Countermeasures with Urban Inundation in a
Multihazard-Environment. International Journal of Erosion Control
Engineering, 9(2), 58-67. https://doi.org/10.13101/ijece.9.58

Kim, Y-J., Kim, T-W,, Yoon, J-S,, Kim, I-H., 2019. Study on Prediction
of Similar Typhoons through Neural Network Optimization. Journal
of Ocean Engineering and Technology, 33(5), 427-434. https://
doi.org/10.26748/KSOE.2019.065



596 Yeon-Joong Kim et al.

Srivastava. N., Hinton. G., Krizhevsky, A., Sutskever, 1., Salakhutdinov,
R., 2014. Dropout: A Simple Way to Prevent Neural Networks
from Overfitting. Journal of Machine Learning Research, 15,
1929-1958.

Sugiura. M., Tsujikura. H., Tanaka. K., 2015. Interpretation on the
Temporal Change of Parameters in the Flood Prediction Model
based on the Reserve Function Method. Japan Society of Civil
Engineers, 71(4), 1 307-1 312. https://doi.org/10.2208/jscejhe.
71.1 307

Hitokoto, M., Sakuraba, M., and Sei, Y., 2016. Development of the
Real-Time River Stage Predicition Method using Deep Learning.

Journal of Japan Society of Civil Engineers, Ser. Bl (Hydraulic
Engineering), 72(4), 1 187-1_192. https://doi.org/10.2208/jscejhe.
72.1 187

Nakatani. Y., Ishizaki. M., Nishida. S., 2017. Estimation of Water Quality
Variation in a Tidal River by Applying Deep Learning Models.
Journal of Japan Society of Civil Engineers, Ser. B1 (Hydraulic
Engineering), 73(4), 1 1141-1 1146. https://doi.org/10.2208/
jscejhe.73.1 1141

Typhoon Research center, 2019. Typhoon Information. [Online]
Available at: <http://www.typhoon.or.kr/> [Accessed May. 2019].



ok

=8| FFsts] R A33A A6Z, pp 597-606 20191 12 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[ Original Research Article ] Journal of Ocean Engineering and Technology 33(6), 597-606 December, 2019
https://doi.org/10.26748/KSOE.2019.098

Permeable Coastal Pavement Structure for Shore Protection and
Removal of Non-point Source Pollutants
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AMA S WA B v edd rEAA= AR FreEe 54 AT

KEY WORDS: Stormwater runoff - -, Non-point source pollutants #1329, Permeable block &%, Permeability area ratio

5 WAH], Permeability coefficient F7|5, TSS removal efficiency TSS AIA &S

ABSTRACT: Due to climate change, coastal areas are being flooded with torrential rain, typhoons, and tsunamis. In addition, non-point source pollutants
(NPSs) that accumulated on the ground, streets, and buildings during the dry season are washed off by rain and stormuwater runoff, which adds to
the damage associated with environmental pollution, e.g., pollution that makes its way into the ocean. Recently, low impact development (LID) has been
considered as a means of controlling water circulation and NPSs. In the coastal area, permeable blocks have been constructed mainly to reduce the flood
damage caused by waves. Some important design factors that must be considered to ensure long-term performance are the permeability coefficient, clogging,
and the efficiency of the removal of total suspended solids (TSS), but currently there are no standardized design criteria or testing techniques that are
used worldwide. Herein, we analyzed the permeability coefficient and the TSS removal efficiency tendency according to the permeability area ratio with
an easily-detachable, permeable block filled with calcinated yellow soils as the filter media. Our lab-scale tests indicated that, when the permeability area
ratio was 25%, the reduction of the permeability coefficient after clogged was 11%, which was a significant decrease compared to other cases. Permeability
persistence increased when the permeability area ratio increased from 50% to 75%. The TSS removal efficiency decreased as the permeability area ratio
increased. Our pilot-scale test indicated that the TSS removal efficiency was more than 80% higher in all cases. We also found that the permeability
persistence was excellent as the permeability area ratio increased, and, in actual construction, it is effective fo set 5.3% of the total area as permeable
area in terms of permeability and economic feasibility.
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(a) Test-bed (20 cm x 20 cm)
Fig. 3 Equipment of Lab-scale experiment

Table 1 Experimental conditions in Lab-scale

(b) Agitator system (One ton capacity)

Penneable Hydrzfluhc TSS size 188 average Operation time  Sampling time
Parameter area ratio gradient [wm] concentration [min] [min]
[%] (i) [mg/L]

R;25 25

R, 50 50 Particle 1 - D5y : 35

L5 300 60 10

AT 7 Particle 2 - Dy : 130
R, 100 100

I ANFAE A3 Bl ARE T
B F(Outflow tank)Z T3E T}

W71 HAY 350pme] IAEEE H)

F 2] AR K

1te] £ 29=

< witd = =S AAST. 1 = Fot AP A
L@E M AR W £ AASY) Hff}&l wHk7] €]
A& AESIT wi7]9] IHEEE HFER Fof 53
sk, w9 HEEE 300pmoE AAAS w &3t
o] B ok A w=7F 7P 2R e g)lste, ® A
L 300pme 2 359k

wR7)el] Eojd 1FELS ‘wiwd o] YA 44 63um ©ls}
70~80% = 63~200pm 20~30%2] T8 S wel AR 3
TUA(Ds)©] 35um?! Particle 1(013}F P1°y 3 7FAFS] HHEAA
(Dsp)°l 130pm?] ‘Particle 2(°]8F P2y AEE 8:29] HIEE &
st AHgSIATHFig. 4). A8 Y=HA2 Sympatec GmbH

Ake] QICPIC YE=EA7)(PSA, Particle size Analyser) FH|Z F
FTHFEAHE ARt B4ttt wilble] 012 Pr'at
‘P2 FAsEE WFE Y AFHF A AFHA 2A
3t 300ppm(mg/L)e] FEE FYste] wRkstATh

oA fEE e A BFRAS ARAE T
Aok £ dFelAe AIRAY 253 7159 B4l &
AHAER o]FojA lo], A9 BFAEHE A 85T /\]
PAE 20emx20cm BAZEE @] 47) F-& Agste] A2t
Kot 47he] T2 AeFE A 'L =0l 20eme] FF
Z5{(Constant water level layer), =©] 20cm®] FZ5{(Surface
layer), =°] 15cm®] 7]|&Y(Base layer), AP A& 533 S
£ 2o} HjEAIIE FAgH(Water collector) 2 FAE T FA
o AgAne] A% 7Zel thalA Kim et al.(2019)°] F574A
of W ALY FFATE AT A, 48 FALY
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© R,75

(d) R 100

Fig. 6 Experiment set-up according to permeability area ratio cases in Lab-scale. Note that R,25 is Permeable area ratio of 25% over
surface area, R;50 50 %, R,75 75 %, and R;100 100 %.
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(a) Test-bed (1 m x 1 m) (b) Pilot-scale test appearance

Fig. 8 Equipment of Pilot-scale experiment

Table 2 Experimental conditions in Pilot-scale test

Permeable Linear velocity TSS size 1SS average Operation time  Sampling time
Parameter area ratio [m/h] . concentration [min] [min]
(%] [mg/L]

R2.7 2.7 Particle 1 - Dsp : 35

RA0 4.0 20 300 60 10

753 53 Particle 2 - D5y : 130

P :

LS o] 98, 4 @S wEl 54 WAHE AAE, Pilot-scalel| 4] T 2ol &) 5= HAH]o] W& 4l Y
A AN 2.7%, 40%, 53%2] WA FFEES A 4TSS AAZLE BEF 5 e A=dlel Fig 29} Fig 8o

A%k 3719 CaseE AF3IAHFig. 9). T35S EE Case  EFURITh Lab-scaled} Zol], £ A€l wilr|9} FFe) T}

FYS S FYAA, B Adn|o) b2 F-E55Y Aol Jom ‘BEFEE ¥ A, AlF L FAFE J]E(Ver. 2.0y
£ B33 (Seoul Metropolitan Government, 2017)°] @&} ImxIm T2 2] &

21 TS| Testbed® AlASte] Ashelth mykrlsh muk

R, = ﬁ < 100 (4) 7] Oﬂ EO‘]Q —?—oél]%"‘ Lab- scale-»]— E%O]’}” A]’%O}'&it}'
CA ABAL REES EA A, AZ R AT AE(Ver
R, : Pilot-scale test2 -’F HAH] [%] 200 wel E5(Surface layer)FEH 6ecm =09 EFEE
P, BE2BE 42 9z o] (Permeable block) ¥ HEEES AX|5t3 a1, wH3QHd Z(Stable
)

layer) 3em %019 TFARE OS] AAEiY 1S

E, : Test-bed T8 2] m2
4 A [m] (Base layer)2 T 5A 10 o), FEAST 14 HL9 SAE

(@) Rp2.7 (b) RA4.0 (c) R5.3
Fig. 9 Experiment set-up according to permeability area ratio cases in pilot-scale. Note that R,2.7 is Permeable area ratio of 2.7 % over
surface area, R,4.0 4.0 %, and R,5.3 53 %.
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Fig. 10 Permeability coefficient of permeable block system for
four area ratio cases in pure water condition. Note that
R, 25 is Permeable area ratio of 25 % over surface area,
R,50 50 %, R, 75 75 %, and £,100 100 %.
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ABSTRACT: It has been an issue among researchers that the tsunamis that occurred on the west coast of Japan in 1983 and 1993 damaged the coastal
cities on the east coast of Korea. In order to predict and reduce the damage to the Korean Peninsula effectively, it is necessary to install offshore tsunami
observation instruments as part of the system for the early detection of tsunamis. The purpose of this study is to recommend the optimal deployment
of tsunami observation instruments in terms of the higher probability of tsunami detection with the minimum equipment and the maximum evacuation
and warning time according to the current situation in Korea. In order to propose the optimal location of the tsunami observation equipment, this study
will analyze the tsunami propagation phenomena on the east sea by considering the potential tsunami scenario on the west coast of Japan through numerical
modeling using the COrnell Multi-grid COupled Tsunami (COMCOT) model. Based on the results of the numerical model, this study suggested the
optimal deployment of Korea’s offshore tsunami observation instruments on the northeast side of Ulleung Island.

of $IX|& FolE o] &3t H|F3IA Aol HRI= Al2H
o2 Hxo|A] &83h= Deep-ocean assessment and reporting of

XYL QBoA 7 = W= 2= A = st tsunamis(DART)Z}F UTHFig. 1). 223 syt 22 A =1z
o]THPugh and Woodworth, 2014). ©]& He-Ast= Algs A oA EAste] kel 102 Welz Wgske A8 A8

1. M

I

SAdAzE %Agzﬂ— x]x Y = gEAoR 2011d FTUE gix] Lol tinig Alzwle] AR sfuttel] FHEE o] A
AEFR 9.0)0] 3, o] NS BZHAL A 42 2 Fre, % 150702 A XA wAAR o] Fozl A BF Al

o] 7o) 25 uygs} QNG Hs71R| 7FEEe] e HEol Y& FFl AAF ATE w} F 5,800km Ao F
1 FSAFE 15,894, A 6,152, AE 2562%) Iga  AClEE dZHE 0] 2443 Aol A LAY s A X A S|

AF Fa7 BAYSATHY R A 2016 39 wE 7%, LS ANEE AZER SnetE 753kl YlTHKanazawa, 2013).
w3k 20119 BUE oz Q3 Wt wa)r) gle Aol YEo] & OE A Ao]EA~H S Z Dense oceanfloor network
T dZPA 2 GulA 9871 HAYEHYTHMori et al,, 2018). @ system for earthquakes and tsunamis(DONET)= ‘d7F0] E#E

2hA, ol2 @ B Hl AUl S thulsty] flef sie]  (Nankai Trough)ollAl TA7Fedh A2z AWsd2 A8k
e FozHE AT S AH EA oA WY AR °1E}(Kaneda et al, 2015). E3F A A )G Al2E o]efo A
AN2EE TE3te] SoHKim, 2008). THEZQ] o2 teke] &) Aol 10-20km Eoixl AR LS AASEIL ATH(Kaneda et
A ARG A TSt AvEE AAF XL A A al, 2015). T3 S|AA)E Al2E] o]Lje] YE AtA 10-20km
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A7EY B Aule] A AAF AdetA Do,
2. RIZISHY T} oI5 9t $X2Y A

A3 A(Choi et al., 2001; Kim et al., 2013; Kim and Cho,
2014; Rehman and Cho, 2016; Jho et al., 2019)0l14 A3} ThoF
g z219] W AR AVl eE AA3kL COMCOTS | 83
of GE Asfbol A WS AL o] Tl A&l 9
g A71E ARG A 45 BAFS2ZH, s 53“
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FOHTHWu et al., 2008; Lee et al., 2015; Mueller et al., 2015).
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Effects of Fluorides in the Flux Cored Wire
on the Oxygen Content of Weld Metal
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"Department of Materials System Engineering, Pukyong National University, Busan, Korea
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ABSTRACT: Various fluorides, i.e., CaF, NasAlFs, K,SiFs, MnFs, MgF,, were added to the flux cored wire, and their effects on the oxygen content
of the weld metal were investigated. The investigation showed that the oxygen content of weld metal was not influenced by the type of metallic

elements in the fluoride; rather, it was influenced by the stability of the arc during welding. While the wire containing MQF, showed the most stable
arc and the least amount of oxygen in the weld metal, the wire containing MnF3 showed the least stable arc and the greatest amount of oxygen.
Since the deoxidation of the weld metal was not affected by the deoxidation elements, such as Ca and Mg, it was possible to predict the oxygen
content of the weld metal by the equilibrium Si-Mn deoxidation thermodynamic model.
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Table 1 Chemical composition of weld metals
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Fig. 2 Standard free energy of formation for selected oxides

Chemical composition [wt%]

Fluoride - - -
C Si Mn Al Cr Ni Nb Ti (0]
CaF, 0.030 0.26 1.16 0.0082 0.094 0.89 0.020 0.030 0.066
Na;AlF, 0.030 0.28 1.16 0.0078 0.091 1.03 0.019 0.029 0.066
K,SiFs 0.030 0.25 1.16 0.0085 0.091 0.92 0.020 0.029 0.068
MnF; 0.028 0.19 0.93 0.0081 0.090 1.03 0.016 0.023 0.078
MgF, 0.030 0.31 1.21 0.0080 0.093 0.92 0.021 0.031 0.060
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Behavior-based Control Considering the Interaction Between a Human
Operator and an Autonomous Surface Vehicle
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ABSTRACT: With the development of robot technology, the expectation of autonomous mission operations has increased, and the research on robot
control architectures and mission planners has continued. A scalable and robust control architecture is required for unmanned surface vehicles (USVs)
to perform a variety of tasks, such as surveillance, reconnaissance, and search and rescue operations, in unstructured and time-varying maritime
environments. In this paper, we propose a robot control architecture along with a new utility function that can be extended to various applications
for USVs. Also, an additional structure is proposed to reflect the operator’s command and improve the performance of the autonomous mission. The
proposed architecture was developed using a robot operating system (ROS), and the performance and feasibility of the architecture were verified
through simulations.
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ABSTRACT: Recently, researchers in Korea and abroad actively have conducted research activities using the ARAON, a Korean icebreaking research
vessel. The ARAON reqularly conduct research activities in the Arctic and Antarctic waters every year. The icebreaking mode, which can be either
continuous breaking or ramming, is determined by the conditions of the ice and the ice-covered waters. When the icebreaker encounters thick sea ice
or an ice ridge, ramming is used. At that time, the speed of the ship generally is slower than that of continuous icebreaking. In this study, the ice
load signal at the time of repetitive ramming during ARAON'’s 2012 Antarctic research voyage was analyzed. The time history of the ice load signal
and the change in the speed of the ship used in ramming were compared with these values during continuous icebreaking.

1. M == AubdA Al T3 BEAE EARE F skl
Watee Ayt 9 sjdrxE 5ol e FEey
Aol wgEo] Yt BE ol Ui R Ak F AF HFOR A PE YolRg, Ay P BYE 5 AN
AAAYT AL o] 83 A Aoz we olgs  AXAF} AL T ¥l o) EebA, B E 22 2719
32 £ e Hoz Qs A A AACA G B3] dEol® Wk Arls tEAl UEhE 4 ATHLee et al,
tlg Bale] Z71slar k. Aol gk BAle] Zrlshe Y= 2014). o] 22 o] fE W] ARFEERS AR AT
I BZo) i3 A7 &% dA Zoksta Qe Aotk 2y 2Folu A AW AsAge] 215 3= ok
Az AYATHC olgle s uid Fr)F o Y3 RIS ofgheEE 2012 5ol Sle eluete] ATHsr]ARl
985l wRo| olgfe T E o] &3 T ATASe Hetx R 7S} AFUHY 7I1A Y 28RS FEIHA A3t
A} BEo] wj$ Faksic) TS A3l G5 ok2AaE JalstAThFig 1). o 3l
Wade 9313 i e S0l HEog os) B A MYES FAsks T W AFS s AFASE 29
shgo] wAgth oY g s e TREAY §° 54 =l 2172 ZAE AlOJAE F-25HATHChoi et al., 2015).

o
glebalr] YA WA A=) T2EA ] JHEAE B9k 2 =idAe ‘é oHEAI A LFIH =F FAL 3
Zle] %ﬁi‘}ﬂ(Paik et al, 8ol ZB|A Hol WHE FANY S St A5 MFE Al
olA] AEE ARtolgo® Yehd A& vigo R Wakgdt A

1999). &}, o]# g = o
e s %;ﬂ-s}% x:} 71 £o] Waks Aesiatt o2’ AsEd st Wkt
o .

HLHI == gEskEely sui
% QITHKim, 2014). ©]E 23]

r°"
o
_?L
ol
fo
U
N
Ir
©
z
2
182
r—{o
ot
ofN
2
T
1
O

Ao] Mol s BAE ERIGOH, o] AHE o] 2010

Received 19 September 2019, revised 7 December 2019, accepted 19 December 2019
Corresponding author Tak-Kee Lee: +82-55-772-9193, tklee@gnu.ac.kr ORCID: https:/ /orcid.org/0000-0002-5944-156X
It is noted that this paper is revised edition based on proceeding of KSOE 2017 in Geoje.

(© 2019, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

627


http://orcid.org/0000-0002-1954-2243
http://orcid.org/0000-0002-5944-156X
http://orcid.org/0000-0002-1954-2243
http://orcid.org/0000-0002-5944-156X

628 Se-Jin Ahn and Tak-Kee Lee

.jThe King Sejong‘ Station
A
< .

South Pole

Amundsen Sea

.The Jang Bogo Station

Fig. 1 Antarctic transit route of the ARAON

2. BHMY Al WS M st HE 2R

B =FdAe 2012 29 28Y &= oA NA FAHAY
Y3 12,0003 B3 HYE AN ZHE AZH vlolH
ooke®] A& Agsl gHo T WIsIATE A M
3 AR dgo] A= s el s2ga 7]
, Eﬂ%% A|AZRE AZE vlolHE F A4r] U
gshgict. EATIolE F 20MPa )l 333
il 711':4013} 3-89 3473| 5 2z} Alztol g &
E}ﬂd T 9389, ASATL 12 AL FE ALA
|2k o, o] =(Kwon et al., 2014)°1A4 AFT 71F
g3l 571A] AEfgos EFIIHATHAN et al., 2017).
GPS(Global positioning system) 7] = E|oJE|ZHE 12 FA L
2 ARE AEAEE gt on, YatE AlEe] Alzteld
I AX)A7)7] S8 WakE AlE AZ AZHS 7|Ee R FAgh
/‘17—F°ﬂ 7159 A&S o] &5tk olF, VIERH A& Abol9
LA WskEE THgst] AF UAIHTE A& WSt
| W A5 AZte)da =Y vy

2 A& JgzE Jehd & /38R ERsHTh
Z £ AR LeH, 2-A
48 7125 71 34 A Wk 4o, Vavt glE
AW HALe Mg eIt {8 2R/ 7|82 ol 2ol
. (a) Type 12 Z7|A&ERT HFHE0] O W
) Type 115 FHFALo] 27)d&3 FAHA
% It} (c) Type & 27]|X%0] HEHNLERT O
ZA2olth (d) Type V= 1 9] BE F3o|th
FEEE 9338, 34 ALARL, A4 AUg, Hwk

ﬁm%

o]

it

L oo 2

o to 2 o o B 2 dn do
N
N r_E,
l
AN S o J

N}L

il

o,

1t

o A r

zo, M0
5: i

=
Z]- BA
a8y o2 Aelslke] 42t Table 10 AHESFAT o], A

22 SOG(Speed over ground)S FAIS Jt) I T3] F
917 2 159.6MPa, vt F4 ALATFES 1.173s, Hat A&
1.09m/s A T},

1.2

1.0

0.8

0.6

S/Smax

0.4

0.2

0.0

-0.2

-0.4

-0.6

1.2

1.0

0.8

0.6

S/Smax

0.4

0.2

0.0

-0.2

-0.4

-0.6

1.2

1.0

0.8

0.6

S/Smax

0.4

0.2

0.0

-0.2

-0.4

-0.6

1.2

1.0

0.8

S/Smax

0.6

0.4

0.2

0.0

-0.2

——S/Smax - -Ship speed
2.71
f\ ~t 2.70
/ \ z L 2.69
/ \ b L 2.68
/ X de= L 2.67
-7 \ L 2.66
L7 \ L 2.65
L -~ < /"’M
W‘“\\/// \\/ L 2.64
--------- 2.63
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (sec)
(a) Type | : Increase profile
——S/Smax - -Ship speed
1.0
““““““““““““““ L 0.9
N L 5a
7. \ o7
// \ Y, [ 06
\J r 0.5
L 0.4
/ 0.3
/ I 0.2
[ r 0.1
0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (sec)
(b) Typell: Maintenance profile
—--S/Smax - -Ship speed
2.4
/\ L 235
e / \\
[\\ b 2.25
A e 2.2
——— T
e ~
\ / So_ b 215
N =
2.1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (sec)
(c) Typelll: Decrease profile
——S/Smax - -Ship speed
0.08
WP I 0.07
" \\‘ ~. el I 0.06
/ \ i I 0.05
/ \ I 0.04
/r\/‘\v.r”' \\ L 0.03
I 0.02
I 0.01
0.00
0.0 0.5 1.0 1.5 2.0 25

Time (sec)

(d) TypelV: All other profiles

Fig. 2 Four typical profiles of the ice load and ship speed

Ship speed (m/sec)

Ship speed (m/sec)

Ship speed (m/sec)

Ship speed (m/sec)



A Study of the Change of Ship Speed according to the Ice Load Signal during Slow Ramming 629

Table 1 Summary on peak data in ramming

SOG No. of Peak Sax T,** SOG
Type over 20 MPa [MPa] [s] [m/s]
Max. 96.0 4.952 345

[ 101 Min. 20.1 0.128 0.01
Avg. 349 0.741 1.22

Max. 48.1 0.686 0.93

II 1 Min. 48.1 0.686 0.93
Avg. 48.1 0.686 0.93

Max. 159.6 9.952 3.30

I 221 Min. 20.1 0.135 0.04
Avg. 375 0.772 1.11

Max. 111.3 14.077 0.93

v 24 Min. 202 1.233 0.02
Avg. 40.0 6.700 0.27

Max. 159.6 14.077 3.45

Total 347 Min. 20.1 0.128 0.01
Avg. 37.0 1.173 1.09

*8 ax: Maximum stress

max
** 7, : Time duration
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KEY WORDS: Desalination plant shipd5=2<=3} ZHE 14} Resistance performance & A}%, Effective horse power, Fr& v},
Seakeeping performance W3 3%, Vertical shear force 2] 71T, Vertical bending moment 2] ¥3 EWE

ABSTRACT: Desalination plant ships have been recently regarded as one of the probable solutions for drought seasons in many countries. Because
desalination plants should be mounted on the desalination ships and special purpose storages such as salty waste water tanks are necessary, onboard
and compartment arrangements would be distinguished from those of other conventional commercial ships. This paper introduces some basic design
procedure including resistance/propulsion and seakeeping performances. The ship lines were improved step by step after modification of the ship lines
and verification of resistance/propulsion performances using computational fluid dynamics (CFD). After finalization of the ship lines, the seakeeping
performance was also evaluated to check motion behaviors and drive wave-induced loads such as the wave shear force and bending moment. It was
proved that the predicted long-term vertical wave shear force and bending moment were significantly less than the rule-based ones, thus it is expected
that the deliverables of this study will reduce the construction cost of desalination plant ships.
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Table 1 Principal dimensions for desalination plant ships

Model 1 Model 2 Model 3
Length B. P. [m] 62.7 62.7 62.7
Breadth [m] 24.0 24.0 24.0
Depth [m] 45 4.5 4.5
Draft [m] 35 3.5 35
Displacement [t] 5746.2 5728.5 4923.8
Design spoed 5.0 knot 5.0 knot 5.0 knot
(9.26 km/h)  (9.26 kmvh)  (9.26 knvh)
Max. speed 10.0 knot 10.0 knot 10.0 knot

(18.52 km/h)  (18.52 kmvh) (18.52 kmvh)
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(a) Iso view

B

(b) Side view

Fig. 5 Computational domain, boundary conditions, and grid structure for Model 1

Table 2 Summary for CFD simulations

Contents
1st order backward difference scheme

Items
Time term
Diffusion term
Convection term

2nd order central difference scheme
2nd order upwind difference scheme
SIMPLE alogorithm
Volume of fluid (VOF)
Realizable & - ¢ model
Two-layer formulation of Wolfstein

Pressure-velocity coupling
Free surface model
Turbulence model

Wall function

Table 3 The number of grids

Model Number of grids
Model 1 2.629,746
Model 2 1,973,554
Model 3 1,975,118
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(a) 5 knot (9.26 km/h)

Zi)
(b) 10 knot (18.52 km/h)

Fig. 7 Wave height distributions

Table 4 Comparison of total resistances and EHP (effective horse power)
Type 1 Type 2 Type 3
Velocity [knot]
2, [N] EHP [kW] 2, [N] EHP [kW] 2, [N] EHP [kW]
5 (9.26 km/h) 35,480 91 27,480 70 21,354 54
10 (18.52 km/h) 170,961 879 128,790 662 106,481 547
SFATHITTC, 1978). 2E X404 Model 39| EHP7} 7H Sl 4. LS MS ©ot

FAEAT. 10knot (18.52km/h) A<59l4 Model 32] EHP7}
Model 191 HI3}eq oF 38% 435t Ad 4% 9 vie 4= e siae Sate] &9 B JHAE dAbakel] tidk Adut
& Bote] B AFolAeE Model 35 3l o8 sFETs 9] ZFul= -3 (Response amplitude operator, RAQ)S £&& =
Auke) Hygoz AASIAT Ath o] F o]gsted |t o FH drErst FWNE ko] 1t
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Table 5 Mass and Center of mass information

Components Ballast condition Full load condition
xc [m] 30.74 3224
ye [m] 0.00 0.00
zc [m] 2.68 3.04
Ixx [tm’] 1.O1E+05 2.36E+05
Iyy [tn?] 6.99E+05 1.13E+06
Izz [t'm’] 7.90E+05 1.33E+06
Displacement [t] 2032.35 4822.41
Draft [m] 1.6 3.48

Y X
o | o

Fig. 8 Panel model for full load condition (Altair, 2019)
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A 3E AASEL Ve AFAene] ARGER}

KEY WORDS: PCTC(Pure car and truck carrier) A AHEHH, Structural strength analysis 7272 =34, Cargo load 3& AAl8tS,
Deflection 14, Direct strength assessment 237 =37}

ABSTRACT: Yearly world vehicle production has continued to increase, and the global seaborne trade volumes also are recovering. Based on these positive
trends, as demand for cargo ships increases in the freight transportation market, Pure car and truck carriers (PCICs) with large gaps between decks
continue to be ordered. The structural analysis of the cargo hold was performed in order to confirm its structural safety in accordance with the guidance
for the direct strength assessment of the Korean Register (KR) of Shipping. And, according to the type of cargo, the maximum deflection and structurally
weak area that occurred in deck 5 was confirmed. Also, it was found that the weight of the cargo had a significant effect on the deck, the primary members
of the deck’s structure, and pillars. The results of the structural analysis conducted in this study were added to the existing cargo load planning software.
This was done so that the prediction of the maximum stress and the deflection of the deck based on the information about the cargo could be confirmed
quickly. In addition, the data will be used as the basic data for rapid information management response to changes in cargo items.
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(a) (b)

Fig. 1 Pillar system in PCTC cargo hold, (a) one pillar, (b) two
pillar
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Table 1 Boundary conditions (Asymmetric)

Coord.  Displacement Rotation

Position vy v o9 6, 0,
Both ends of the model 1 0 0 0 1 1
Line L 0 1 0 0 0
Line S 0 0 1 0 0

(Note) 1 : Fixed, 0 : Free
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External load Cargo
load

Load case Case
Still water Wave Cargo

load induced load  hold

Maximum cargo on

Design
lower part of E-1 " w2 uniform
section in upright
1 load
condition
Maximum cargo on i
upper part of 1 2 e
pper . E-2 " w2 uniform
section in upright load

condition

D 4, : scantling draught
. wave induced load for wave crest

A FRAE Dol o) o] AAY F Y=S WA
of glow], 4 - s1Y kel Avh HEHEE H gl B 2
BB FRAT] A AW Sl WS RS A5
%

St dgolA A" ARt AP =R AHS
Faste] 4 248 FEstgon, Ad AASE tig
149= o 2o
S ool o) AAISHse] AEshe AS 1] A 9
S8 59 o] By AtolQl TE FYFolA 214.11MPast
62.813mm=Z 714 & A3E Hol: AL Fig 42 53 g<lg
F AT ol F - R AEe FEAG AF 522
BAEY Qo) iwke] FYR= FHEATCRZ Ao
StEI ApFol st o] ¥ IA st vlwd B
o] HAo] WPE Ao = Belth 58 7Hye] A AEx}-Lut

214.11 Max I I
1893

156
4.151 Min

(a) Equivalent stress

62.813 Max l__l
55.834

48.854
41875
34.896
27917
20938
13.958
6.9792
0 Min

(b) Total deformation
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upright condition (F-2)
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Fig. 6 Check points of No. 5 deck

Table 3 Cargo details for load cases

Case | Case 2 Case 3 Case 4
Overall length 4770 7,660 12230 7,500
[mm]
Overall width 1,890 2490 4,100 3,600
[mm]
Empty Vel[ltl]cle weight ) 265 s 533 56
Table 4 Number of cargoes by load conditions
Case 1 Case 2 Case 3 Case 4
(A) (B) © (D)
L/C 1 16 12 6 9
L/C 2 8 6
L/C 3 16 12 6 9
L/C 4 48 36 18 27

Lc4
Lcs A n

Lc2

/27 Mihhihaiay
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Fig. 7 Load cases (L/C) of No. 5 deck
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Table 5 Equivalent stress results of Case 4 [Unit : MPa]
P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11 P-12 P-13 P-14
L/IC1 35876 47.618 17.049 11.499 3269 15961 2923 29.804 17.096 10.248 5.64 2131 2202  1.995
L/C2 5134 53594 25207 21.384 8743 37958 3.261 321 11.329 11.156 11.624 5205 6.939 1932
L/C 3 6.74 108.01 40.612 50.905 40364 108.12 6.742 6.891 21.469 20483 3031 19.587 2147 6.39
L/C 4 36802 14035 49352 5991 49.136 14047 36.807 26.109 34.102 2435 28.62 23453 34.103 26.103
Table 6 Total deformation results of Case 4 [Unit : mm]
P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11 P-12 P-13 P-14
L/C1 10.58  1.223 1.867 2384 1563 0296 0.824 1398 11502 6.393 3378  2.063 1.505  0.941
L/C2 1.162 0931 5651 6927 4468 0563 0.694 2362 7465 9442 8577 6.674 4402 1271
L/C3 078 1.683 12374 16922 12374 1.682 0.786 2.821 13.613 19.805 21.355 19.795 13.613 2.821
L/C4 10164 2575 12986 17.821 12986 2575 10.164 15092 22414 2388 23726 23.87 22414 15.092
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Fig. 8 FEA results of L/C 1 for Case 4, (a) Equivalent stress, (b)
Total deformation

Fig. 9 FEA results of L/C 2 for Case 4, (a) Equivalent stress, (b)
Total deformation
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Fig. 10 FEA results of L/C 2 for Case 4, (a) Equivalent stress,
(b) Total deformation
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Fig. 11 FEA results of L/C 2 for Case 4, (a) Equivalent stress,
(b) Total deformation
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A Study of the Development of a Concrete Floating Breakwater
for an Open Sea Fish Farm
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ABSTRACT: The ecological changes in the ocean due to the drastic global warming require that action be taken tfo sustain the productivity of fisheries.
Proper ocean facilities could help prevent the loss of the expenditures made on marine aquaculture and reduce the related compensation for various ocean
conditions. The aim of this study was to develop a floating ocean wave-breaker using an eco-friendly concrete and conducting a site survey, a structural
analysis, and a test of towing the tank. As a result, the wave at the fish farm would be reduced. The results of the holding power of anchors and
the capability of moving the floating structures were considered in the design of the wave-breaker. The analyses of the material properties of concrete
and the steel structures, as well as the CAPEX and OPEX analyses of the manufacturing and operation processes confirmed the superiority of the floating
concrete wave-breaker. In particular, this study demonstrated that the concrete floating breakwater can protect the fish farm against typhoons and reverse-waves,
thereby reducing losses of the fish.

1. M =2 E(Tranquility) & SE3IIEE HA oo ot A 3k A
Aol M T2 Ao 23 F5S B dSEe A

AT eU3tE 013 HE D 74 ojHe Ak Y K& A T7F BAl] 8753 JtKCho, 2002).

AHe £3) 2 EEste] AlFAS @78k Utk o]2]dk 7 4o 29 Y R3S fst 9 duAE LA T
A GrE A & AR A o8 gl 3ste REe vistH dwbzoR guAR dHA glow, 144
A 3 BAF FRE ZUA7I Utk o]#g AdelA B &3] (FH &3t Frd AR FEE B4
T2 Al E o) FAAS REd £ Qe Fod FxER AWAE T HIE dia B Akl HRskal AlE
Zbgwra gtk B4 wekAle Al RS Apgetna o] bdste] AAnyh AaEm o] 1mr) oA | A
B3} o] 2 Bx2 Ayl s TxEolth Iudx 3 HEe] AT AolE Holth &L A H3)7t A1 FaA
2 WA= 20079 BAA vt B3 AW s9S Algtow  °o] Zhsst Wk A ojelo HAE T B FFH O
o gl X 23 Ut = 283 4 At(Jung et al., 2006).

Hox diubAs vl YA e X4 FrroEn e Tl 2007 A7) AxE FIA vt 54 9 6
3 UhKim et al, 2007a). F2)A B35 ®ul ollg} ojg) & HS W E {2 BuAlE AAsglen, shi]ols vt
gk BE, el ok BAL /IR Bk avke] 8ERE go] A 9APe AP B BY Bi2] P 74*%}0“‘@
o] 8- HtiJung et al, 2006). F-f2 WAL SF sl g THIA AAFE] A F FAE 20mE el Hx
E4S st sk Al Eo] 9T sdellA Yake e B EF Al A4 2& ARl AH83uks b oot 134
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(a) Composite plate breakwater model

Fig. 1 Domestic floating breakwater case
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THKim et al.,, 2007a; Kim et al., 2007b).
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Fig. 2 Construction cost by types of marine spaces
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Table 1 Design Criteria for floating breakwater inspection data

Wave characteristic

Water depth

Item Normal Extreme
Wave height 7 m 12 m
Period 9s 9s
40-50 m
Wave length 12233 m
Wave speed 13.593 mv/s
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Fig. 3 Floating breakwater and wave direction
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Lee, 2012; Lee, 2014; SNAME, 1991).

ols} e WA 2T F5Y ol E AN ATE vigos ¥

o WAl e o AeE AAS. B BeAlE 2]
of W&} FU I3 FRAINE FE3t, F8 A5, T, A=,
FEHF 5o F8 JHE Table 30 YeblTh F3l 1= HA
Ztg E20|(Floor) B TR Il AAAE F=20o| FyolH, &
Y12 B7E(Reinforced beam)$} X738 (Reinforced wall)e] A
AHH, Rl B8R Zdojo] Fgo E2Adt 782 3
A3} F F2E Abele] FFF Afole 757t0]th -2 kA
IAEE 107] fyloz A=

ol 10 4708) AlRAdel ofete] AlFE, 2 AlFAde ol
AWl Z(Anchor)o] HAXHTE B AFoA &3 Fe AF
B SHAsterina anchor)¥} FH2] Z32]E SH(Centipede anchor)
olth. Ztzte] FFE tiEk 40t B e5telth 17] FUlole AR
(Opening hole), AlFA7 AZAE = sto|z, 27 YA &4HS
%F A58 (Wave absorbing wall), F Ake]9] 348 A3

Table 2 Fundamental formulas for hydrostatic and hydrodynamic calculations

Classification

Main formula

Buoyancy : Fj; =pgV

Resultant force : Fj, = / pdA
Hydrostatic force 4

p: density of seawater

g: 9.81m/s?, V: volume,

p: hydraulic pressure

A: area, y': center distance of hydrostatic

) . , pgsind - . .
Acting point of force : y :yﬁfT pressure, y.: y coordinate of centroid
” 6: angle, 7. : geometrical moment of inertia
. 8h
Simpson’s rule Waterplane area : A= (yl +3y, +3y; +2y,---3y,_, +y,) h=z,—xz,_,
. Surface wave shape : n(x,t) = Acos(kr —wt) = AcosO n: surface wave shape, ¢: time, g: 9.81m/s?
Airy wave theory A k: wave number, ©:phase function
(Linear water Velocity potential : o(z,y,t) = L= eMsin (ke — wt ) T » P
w: circular frequency
surface waves) . . . 5 .
Dispersion relation : w* =gk A: amplitude of surface wave
Equations of motion : d—¢+ M=0 M: restoring moment, ¢: velocity potential
Ship motion 1108k 7 : mass moment of inertia, ¢: time
Rolling period : 7, = — G- center of gravity, k: mass inertia radius
2 P 6 JG gravity,

Table 3 Specifications of floating breakwater unit I and unit II

) Principal dimensions [m] Weight [t] Geometric properties
Floating body B B 3
L B D T Total Concrete Rebar S, [m] S [m] v, [m’]
Unit [ 15.0 15.0 10.3 2/8 1,551 1,354 199 2,550 225 572
Unit [l 15.0 10.0 5.0 1.5/3.5 757 690.3 66.7 1,406 165 251

L: Length of unit, B: Breadth of unit, D: Depth of unit, 7% Freeboard/Draft of unit, .5,: Total surface area of unit,

S;: Total floor area of unit, V;: Total volume of unit
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(b) Plan, elevation, and anchor connections of unit II

(c) Plan of complete assembly of unit I or unit II

Fig. 4 Unit details and assembly of units
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(a) Normal condition
Fig. 5 Samples of incident wave profiles on assembly of unit I

Extreme condition

Table 4 Comparison of wave load by manual calculation and SACS

Item Al A2 A3 A4 A5 A6 A7 A8 A9 Al0

0 Manual Cal. F, 20.8 295.7 328.7 99.6 -74.3 -254.3 -316.7 -81.4 90.5 328.2
degree SACS F 23.28 285.75 370.06  209.09 -91.61 -323.56  -355.68 -146.16 15596 351.16
F, 15.96 25546  339.20 185.93 11.08 -167.01  -330.55 -28448  -30.11 183.01

Manual Cal.

22,5 F, 6.61 105.82 140.50 77.01 4.59 -69.18 -136.92  -117.83 -12.47 75.81
degree SACS F 21.51 249.91 34390 24550 1.63 23516 -342.09 -261.79  -24.77 217.79
F, 8.91 103.52 142.45 101.69 0.68 -97.41 -141.70  -10844  -10.26 90.21




652

Table 5 Hydrodynamic forces acting on the Unit I

Gun-Hwan Choi et al.

Item Al A2 A3 A4 A5 A6 A7 A8 A9 Al0
F, 2040 29008  3327.6 19404 973.2 568.0 488.5 340.4 887.8 3219.6
Degree 0 0 225 45.0 0 67.5 67.5 67.5 0 0
Normal F, 127.5 10379 23103 19404 15431 13714  1180.1 823.1 4934 743.6
[kN] Degree 67.5 225 45.0 45.0 67.5 67.5 67.5 67.5 67.5 2.5
F, 7408.5 74085 74085 74085 74085 74085 74085 74085 74085  7408.5
Degree 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
F, 2757 32775  5681.0 22112 1100.7 964.3 739.7 440.5 1390.1 34463
Degree 0 225 225 45.0 67.5 67.5 67.5 67.5 0 0
Extreme F, 217.8 719.1 23142 22112 26575 28763 17854 10634 529.7 258.0
[kN] Degree 67.5 45.0 450 45.0 67.5 67.5 67.5 67.5 67.5 67.5
F, 13065 13065 13065 13065 13065 13065 13065 13065 13065 13065
Degree 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
Table 6 Hydrodynamic forces acting on the Unit Il
Item Al A2 A3 A4 A5 A6 A7 A8 A9 Al0
F 65.7 797.6 11272 649.4 286.5 224.6 157.0 79.5 225.6 853.5
Degree 0 0 225 45.0 67.5 67.5 67.5 67.5 0 0
Normal F, 55.9 324.7 779.9 649.4 691.6 542.5 3787 1933 74.6 192.3
[kN] Degree 67.5 45.0 45.0 45.0 67.5 67.5 67.5 67.5 67.5 67.5
F, 46725 46725 46725 46725 46725 46725 46725 46725 46725 46725
Degree 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
F, 102.0 1103.6 17393 545.4 369.8 381.6 186.4 20.6 3473 1191.9
Degree 225 22.5 225 45.0 67.5 67.5 67.5 67.5 0 0
Extreme F, 95.2 3149 615.1 572.9 893.7 922.1 4493 50.0 0 334.5
[kN] Degree 67.5 45.0 45.0 67.5 67.5 67.5 67.5 67.5 67.5 225
F 84425 84425 84425 84425 84425 84425 84425 84425 84425 84425
Degree 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
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(a) Six types of anchor

Fig. 8 Types and dimensions of model anchors (unit: mm)

Table 7 Result of dropped depth by 6 anchor type by land tests

(b) Anchor dimensions

Items A B

Dropped depth [cm] 3.6 3.0

(a) Type A anchor
Fig. 9 Photos of dropped depths for model anchor type A and F

(b) Type F anchor
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Fig. 10 Normal distribution curve of anchor by towing tank tests
Table 8 Results of towing force tests of 6 types of anchors
Items A B C D E F
Anchor weight [kgf] 13.2 14.0 12.0 13.5 12.7 12.5
Average of towing force [N] 32.35 28.99 25.72 29.86 23.12 31.66
Standard deviation of towing forces [N] 2.82 5.62 2.15 3.92 2.46 2.68
. . NSATE AAZ AR A Bfa] B Dol 15m AR
_® A~ ¥ 2 °F 300t THFol AQF UG A EHE B&-S At 23
1N N I e dm2 AR A g and sl 29 ot 92 d5
3. - oG Tl Hg 2o walsglon] AR FA S Farste] 2SI
o
£ © 3 % f 1o ZAE AEE A5 1ImT 19] Lo] 2aso] 17)
= 5 ——Towing tank test Land test 5 6 ‘19['17]\ Z‘ﬂ;—(}}\] 1591 ‘o(_, 400m X‘"Z—!—}\] 375%“01 %_8-6_]'%1:]' ]il_]:?j %
T T . ; _— FYE AEL 179 71 779 dolH, 257 U2 1929]0] 4

Types of Anchor

Fig. 11 Comparison of towing tank tests & land free drop tests

Fig. 1101 A|AJ3FG T
2 E Hid dE Zol= AuAAI vk HES

88 Aog ZAFATE FUIE ZIYUEZ ART F$ 44U
2 3.891%, 400m H]-§-2 959)0] A9 o2 FAEL
207 Bi2 oA g ZAAZ A2 A5 ZaYE A
Hlgte] ZA7E oF 1.948) T %S ZA0E o=

Table 102 -2 WupAle] 1 2595 7|Eo = & 2+
2] OPEX(Operating expenditure)s YERH Zolth. A= 3l
2] A t-33k] 3 sdnitt ¢bd Wlo] Faste] 20
T /me] AQ8HH, ZIE %3 JFERE BRISE Y% =
B2elo] dagh 1% ¥/m F=2A 200 AH3sIch FA 19
S B2 WA AA 400mS A YeiME AAE

(SR 3| 15 71 1) wlx]ed A
T e A D F7F e ol SRR HEA 5y 9ol wasigon, zaget os 4oz A #
N R glew A2 Wil 5 aldie Q1S oF 3699 SR 37909 fAHEo] Ao} gl
Aoz Uehgeh ADE A - A - 2GS B 0, Hh2
5. 294! diair|o] AN =T} wuAle] Frrl ARSE 2I2E7) o AAZH Aoz
Epton Fx3Z - AFFog ZIYES WL HYT S
SAE fHo] ag FfH2 HA F 2o] 400mE T JE AR 2IE ARE o AAAT TLAHS
u) f 1 3 U119 CAPEX(Capital expenditure)E Table 9l Al 7}z Bg2] A& e 4 QLS Ao=R o2& & r}
Table 9 CAPEX analysis result of installation in terms of material types
Items Unit [ (unit: 1,000 KRW) Unit II (unit: 1,000 KRW)
Steel @ 1,500,000/Unitx25Unit/Total = 37,500,000/Total 1,500,000/Unitx25Unit/Total = 37,500,000/ Total
Concrete 766,600/Unitx25Unit/Total = 19,165,000/ Total 377,464/Unitx25Unit/Total = 9,436,600/Total
733,400/Unit 1,122,536/Unit
Profit on concrete (@-B) 18.335.000/Total Profit on concrete (@-D) 28,063 400/ Total
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Table 10 OPEX analysis result of maintenance in terms of material types

Unit I (unit: 1,000 KRW, per 25 year)

Items Unit [ (unit: 1,000 KRW, per 25 year)
Steel 200 KRW/m - time x 15 m/Unit X 5 times =
@ 15,000 KRW/Unit x 25 Unit/Total =
Concrete 10 KRW/m - time X 15 m/Unit X 5 times
® 750 KRW/Unit x 25 Unit/Total =

Profit on concrete (@-()

15,000 / Unit 200 KRW/m - time % 15 m/Unit x 5 times
375,000 / Total

750 / Unit 5 KRW/m * time X 15 m/Unit x 5 times =
18,750 / Total

14,250 / Unit
356,250 / Total

15,000 / Unit
375,000 / Total

375 / Unit
9,375 / Total

14,625 / Unit
365,625 / Total

15,000 KRW/Unit x 25 Unit/Total

375 KRW/Set x 25 Unit/Total =

Profit on concrete (@-D)
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Table 1 Computed wind and current forces on buoy models
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All references should be listed at the end of the manuscripts, arranged in English Alphabet order. The exemplary
form of listed references is as follows :

D Single author : (Kim, 1998)

2) Two authors: (Kim and Lee, 2000)

3) Three or more authors: (Kim et al., 1997)

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)
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Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its
submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The
privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original
paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.
(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript

L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular

basis.

. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend himv/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its

publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and

impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as ‘“cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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