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Development and Working Efficiency of Supporting Program
for the Parametric Electrical Outfit Production Design of
Offshore Plant Based on PML

Hyun-Cheol Kim®" and Jong-Myung Kim®"

"Faculty of Mechanical Engineering, Ulsan College, Ulsan, Korea
"GL ENG(Global Leader Engineering), Ulsan, Korea

PML 7|9t 9 EY sjEHE AZYNEA A<
ZEIO5 N B AF 588 AT

KEY WORDS: Offshore plant 3| & E, Electrical outfit production design %1734 4Hd 4|, PML(Programmable macro language) 21
# W22 o], Cable tray #°|& E o], Tray support E&lo] A|A|U]

ABSTRACT: Recently, because of the global recession of the offshore plant industry and low-cost orders, there has been increasing interest in
strengthening the competitiveness of domestic companies for the design and production technologies of offshore plants. However, in the offshore plant
design field, the Plant Design Management System (PDMS), which is a 3D CAD program for plant layout developed by AVEVA Marine, is already
commonly used as offshore plant design software and widely used in large domestic shipyards and cooperative design companies. Under this background,
we have been thinking about ways to design better with the existing software. In this study, we developed a parametric design program to maxinize
the efficiency and reduce the working time for offshore plant electrical outfit production design based on the Programmable Macro Language (PML)
of PDMS. We also examined its performance. By applying the developed program to the offshore plant module selected as an application example,
it was confirmed that a 50% improvement in the work efficiency of cable tray design could be obtained compared with the existing method, with work
efficiency improvements of 80% or more in other field design work.

1. M =2 ol Ed|°|(Cable tray)e] ZA|th(Support)E E#olE wet A

d 7PAo 2 AXstuzt sbH 2 AR AAhE 3D B

S SFZME A A (Electrical outfit design)= 3 FZHE dsle] AR Ao XSl HAHS wHEA o7 3ok
715 FFtaL AHE AT F e Al="S TS5k, ¥ @vh vl AX|sjof & A ]Eﬂﬂ T Aol BF JdH o
d gHle} oAFEe] AXE F UAEE AFFES WA= = 2—1'?3% Fstof StER JF &8 Ash AAAe] FE=
AR Aoz, I iy LA E GZSHE A D A F71e) A oA FEo] molRe A2 AT Aot w

AA g AZEY SR PDMS(Plant design management system) — 2HA] A Qe E&A4Y HFE /M 93] PDMS=
(AVEVA, 2012; AVEVA, 2013)5 AHg3te] gtk PDMSe  AAAL A5 AHgdhs 7155 AAslste] PDMS7]8E 54t
GZWES] BE A 2 AMEATL 7Hsstes HEHoRr A2ES AT £ UARE AR A wjaE doj]l PML
A Ps] wiel NEHog AFHE 715ES AHET 49, (Programmable macro language)E U3kl Utk o17]4 PMLE
E4 A Ay F Al 2 AA Aol mlEgHe|a B etk I ux) ] B owk ofye} AA A& Z2 e
Fste] g7 B84 Aol TS vA Utk dE U, A A= TFeh
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S, AAAAA B AT AYES A RY Ak AR =
W el 8 =0 AESE 919 dlolE A, 2010)
2D 7] HiX =27 E Arel 3 3D AAAH|
BAYE AeoR Fdshs WHHHL 2012), AolEel gt
A2 Je 2 Ego](Cable tray) HAG& AEHE Ao m
sl7] 13 WH(DSME, 2013) 5°] Stk ol& dA7E A4
23 A5 &80 SUSE AT AEA 2 =9 Ao A
53t 2 A8 WH(DSME, 2013), AA 253} AEHHL 2010
, 2012) & A/NSFAAIRE 5 A& g A7 A&
HA sk

PML(Programmable macro language) 711t 3l =
AA A ZZI(GLENG ElecTool Ver.1.0) 7l
&N AF AAE st ok olF Sl A
E]- | B.2]E](Electrical outfit template library)E 7]HFS.Z
HEY 3D vjx]d 71](Parametr1c 3D arrangement design)
) 2wl A FAE AWel, A A 918
25 TFModule structure)oﬂ Z 831 PDMSQ 78
Fske A A4 tiHl PMLE |83 ¢ &8
FHom vl BYsAH. o71A A7 HEE d
7 AdAl dadk ookt §39 3D MY BREES oy O]'”%
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Table 1 Function descriptions of Functions

Hyun-Cheol Kim and Jong-Myung Kim

2. PML 7|8t MTAMAMZ| X2 =220 T
21 WR 7ls =

PML7|%t SGZAE AZLHEAAA Y Z20509] 7|52
A 3D WA 75 =Y A53 29 V5 oR FAEHY 3
t} 3D Hix| 7% AolE EFo] 3D HiX|(CTM, Cable tray
modeling), XAt 3D HJX|(TSM, Tray support modeling), &=
™ 3D HJX|(LSC, Light seat change), Hl#|] HZ] 7]5(CiM, Call
in modeling; C&V, Chpplng & Volume check) 5= X3, =
W 253t 297152 2D EHoE AF EF¥dh= 715D,
Design to draft; Drawmg, 2D draft drawing; MTO, Material take
off of tray support)E-S EF3FTHTable 1).

Fig 12 PMLE ©]83t] T8 2483 A Z2 789
WA 7S UEhAT: Fig 1914 B= kel 2o] PDMSE 7123
oz WH§ 3D 2d JZ38 golugeiet 3D BdS AT
A= I EY A 7|55 AlFshat, AgA4LHAEA PMLS
PDMS9] 7|& 7% A% 3D 2de Frlsla, gebH EY 3D
HIXAAE 8T = J=F Basiurt. o714 st E 3D
Hi XA o] tigl 3D BAE 9k ofu2} 3D wiX| 24
= sEElE B8l 245 WHS Eeith oA A 84 AT
gk Edlo] ARt X -9 7]E2] PDMSolA] A ddh= oiei|
EY 7|52 3D R oA AEHER $EE ARAHE 2X
gjof & A9 e EY A mddy F /pdEo R Az

Function Symbol Description
Cable tray modeling CTM 3D modeling and arrangement of cable tray
Tray support modeling TSM 3D Modeling and arrangement of tray support
Light seat change LSC Change of lighting type
Call in modeling CiM Loading the outfit items into the screen
Clipping & Volume check C&V Selection of the outfit items by volume
Design to draft DtD Converting from 3D modeling to 2D draft
2D draft drawing Drawing Creation of 2D Draft
Material take off of tray support MTO Checking quantity, type, weight etc. of tray support

GLENG ElecTool Ver.1.0

Cable Tray Modeling (CTM)

/oL
- Electrical outfit template libraries
- Parametric 3D arrangement design
- Topology transformation

Tray Support Modeling (TSM)

— Lighting Seat Change (LSC)

[
T

Call In Modeling (CiM)

PDMS

- Universal outfit template libraries
- Parametric modeling

|
T

Clipping & Volume Check (C&V)

Design To Draft (DtD)

el —

\ - Sequential function process

Zan

2D Draft Drawing (Drawing)

[

Tray Support Mto (MTO)

Fig. 1 Structure and functions of electrical outfit program based on PML
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9110l A3 AAATE AL sFolok Frk. Lefut s =Y

3D HjA| AA1e] Z--elli= 3D R} vjAE FAll setiE S
< °l83tq Zﬂoiﬂ T glong wdng FAo A A}l
TG B3 AFESe] £4 22D B FY SR AR

e+ Qms P

2.2 70|82 E&{|0| MA|(CTM, Cable tray modeling)
AFEWE = AAE 57 vIE A BAIE 1005 HE o]
9] Alo]Eo] AX|dtt. 1glar olelg AolEol AU+ &
27} AolE E#|o](Cable tray)°|T. s|FZHENA = AlolE
Ego|7} A& A&sfA dART, o] GO WA AA 2
Al2®] B2 Ao]E-g X (Cable pulling)dHAl Hl= 971 B
AolE E#F ol AlolEo] AX == A (Hanger), A A t(Tray
support) L] 3. 2 {H{Runner bar)(Sul and Seo, 2015)Z T =
AthFig. 2). s HIuKFlat bar)2} 28 BKBolting Bar)

Tray support

Runner bar

Hanger

Fig. 2 Cable tray configuration

Defaultmenu & function supported by PDMS

(a) Parametric 3D modeling

Fig. 3 Design window for the cable tray modeling (CTM)

(@ (b)
Fig. 4 Template types of cable tray

(b) Topology transformation

Yol o, AAe} A= o] PAHE TAHAI=
It} o714 A e EFele] Ao|, F&, A=E 1L
2 E& HER Fsfof tER, o]af & =FolA <
ol& Edole AAUE AL A} HAunts on
3& Fig. 1914 ‘CIM & A3shd Yehus= A 01—2— E_Eﬂ
A ZH(Window)Z} 21 3H74ES YeRdth ‘CTM 2 A9
loll thgt st EY 3D wix] 2A 715 (Fig. 3(a) A
]o] uH;‘q xl— /J-;q] x—]zlﬁ': ]-9] 7]./1-1 g‘]-?l _GE 5
e BEZ2X HE 75 (Fig. 3(b)) 282 A2 WA} o)
A A 48 AR 2 715 Fig 3e)EE TEEHh
Fig. 3914 3ol A& wlFrHs PDMSOIA AFEE= 71E 7]
2 e, 3hRelE ‘CTM A3 & Alol& Edo] “ﬁlg—
g WakE JeRdth o714 718 7159 CIM V5=
w3 BHA 7)E 7R AolE EdFe] AAE Eg’ﬂii
FP17F oH S & 5 Utk

‘Ho}:_‘zggoﬂﬁ z]_z /\]__&Lh ]o]ﬁ Eﬂ-ﬂ ] 3D Uté Eﬂi%]\
32 Fig 49} 2o, A 73S Fig 59 2t} o714 Aol
Ego] 3D HEY 73S A3 & sk geHElE &, Zol,

O ook :lo

o3

]

>£mln:

Fig.
XA
=
glo
E

E
=2
R
1

=, 4% 52 Aofshd AolE Edlole] 3D mdlo] AT

AelE Edo] wiAl AA 75 2789 Eeld AolE EF
o)) 2= %@’(Fig. 6), Aol Ego]e] z3] wlak tﬂﬁ( ig. 7),
HE F2ke] AolE E#o] o]F(Fig 8) 5l %10111 s
o Aol Edo] Aol A, W3 ¥F AA, AF 4 wA
5o

F7HRL 7155l AUt

(c) Additional function

© )
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(c) Reduced type

(a) Straight type (b) Elbow type

Fig. 5 Creation types of cable tray

(b) AAfter applying

(b) After applying

(a) Before applying
Fig. 8 Shift of cable tray

EEEA WS 752 AAEE] 298 2=4(Clipping control),
Alol& Edole} odF 7] 2+ Ak AlolE Edlold] olF
5l 3|4, AA| 3 24 58 AL3t S9¥(Clipping) HolE
SHA €r2~(Box) M A E AAEFES 7|FOE W
BAFE 750 377 |
o|th. Fig. 9v 2983 7]%5& o83t AolE Efoldt Role
SUA B T8 FFERS] A8 AN F UEE A
A BYEE i AHE vehdth

Fig. 102 7lo]E& Edolet oFFHY I A 235 B
oETh

ollell= B} 75 oF A WA, o dZsle] &
Al 9 WA 55 AdETh

Hyun-Cheol Kim and Jong-Myung Kim

) A—

1T (e

(d) T-type (f) Bended type

Fig. 9 Expansion of design viewing range using clipping function
& box control

Clash Defaults
Tolerances:
Touch Gap 50.0mn
Overlap 2.0mm

51.0mn

Clearance
Touches are Included v
Clashes within Branch are Included
Connections are Included

Clash Midpoint Posttion

Colour:
Bl bightred
B ot

Major Clash ltems

Obstruction ltems.

[ Resetto System

(Cok ] [Crony ]

((Rese ]

Fig. 10 Interference inspection between cable tray and pipe outfit

2.3 E&|0]| X|X|cH AMZ|(TSM, Tray support modeling)

Ego] AA Y& AolE EdolE AAsH= F2EC|H, Ao]
£ Egolyl mddH F A3zl 40 wpe} YA (HA0= )
th Fig. 19] ‘“TSM’ & 235 Fig. 113 22 vy o] u
o} Eglo] XX 4A 75 Z2e A" Ee] AR
58 Bk AR 37 AAFig 11(a), EdC] AA 7]

Tray Support Modeling

o | ® [ \‘
(a) Support storage place
: (Zane Del_supt dsmiss

late

;Gap Tray

(d) Edit of

évemcal : -sz tray support
4" Ubang | TS | TB4B ™G SR Bng | -

1

(b) Construction of tray support (e) Additional functions

Fig. 11 ‘TSM’ menu window for the trey support design



Development and Working Efficiency of Supporting Program for the Parametric Electrical Outfit Production 209

Support

Offset

(a) (b)

Fig. 12 Parameters defining tray support basic model

£ 3D 2Y(Fig. 11(b)), E&le] AA Z7] AA(Fig. 11(c), E
Ho] A H(Fig. 11(d) LB 27122l 71%5(Flg. 11(e) 5
E33I) Fig. 11(2)9] A% 33kl Fig. 11(b) Ele] XAl
712 AHoJshe FEvetE Fig 129 Atk
Alol& E#o]2FE] XA/} AZEE FE(Offset), Aol

1o o

[e)
nds

Efole} AX}Y] oA (Gap tray) 2|31 F©](Vertical)
2 A ok Fig. 11(0)= 7g] Ao)d X A o
2715 3D 29 "HE5og A T EHeE 7ot
83 Fig. 1(d)e 718 AAY 2

ol-gatd AATh A

Fig. 15 Automatic change of many lighting seat types

Vertical

Tray

71§ ;—§‘|‘L‘ 22k F7F 3 A,

Eﬂﬂol(’ﬂ Xlxltﬂﬂ Aoz é‘%‘ﬂ% s UrE‘r”h?}

24 =H AE K= BAZH(LSC: Lighting seat change)

A E(Seatys A7 Az} Auk gl o 9jRo] 4%
JEZ TAHAIE IS = oJHFola, W
(Lighting system)-> 7%= U]
< B el Atk
FAH 71T TR, 20, AAX
24 =" A|E(Lighting seat)= =
0} FFZHE = FZ0 b g3t F3 9
FYol EASH, $4 F& 1 )l
'g 152 Fig. 19] ‘LSC&
< Fig. 15(0)%] F3o2 d& W
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Fig. 16 Automatic item call in under given design volume
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Model Test on Motion Responses and Anchor Reaction Forces
of an Articulated Tower-Type Buoy Structure in Waves
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"Korea Research Institute of Ships and Ocean Engineering, KRISO, Daejeon, Korea

ol Zd|olE|= Bl dEje] Fo| 2ol gt

g T 2EeH R A7 ARl B3 2P AT

Ag

N
ot
fx
Ho
&
1L
o

KEY WORDS: Buoy structure §-¢] F+3%&, Anchor force §7] AA =, Motion response 58, Environmental loads #7335}, Model

test ZHA S

ABSTRACT: A series of model tests was performed to evaluate the survivability of an articulated tower-type buoy structure under harsh environmental
conditions. The buoy structure consisted of three long pipes, a buoyancy module, and top equipment. The scale model was made of acrylic pipe and
plastic with a scale ratio of 1/22. The experiments were carried out at the ocean engineering basin of KRISO. The performance of the buoy structure
was investigated under waves only and under combined environmental conditions from sea state (SS) 5 to 7. A nonlinear time-domain numerical
simulation was conducted using the mooring analysis program OrcaFlex. The survivability of the buoy was analyzed based on three factors: the pitch
motion, submergence of the top structure, and anchor reaction force. The model test results were directly compared to the results of numerical simulations.
The effects of the sea state and combined environment on the performance of the buoy structure were investigated.

1. M E

$eluer gk 2 el Tk A 02 there] Holo|
o,

AA) SEHI Atk I F L Fo] Hol=

B0z AgHET) o|dF | BEE Holi 54 SIHA
2479 dlolEE gslor 37) WEel, ek AR S

ol g3t AXE FAIBHE 75 S etk AR/ Fole A &
Moz AFE LHAFH-<|(Single point moored buoy)2} TH S
2 AFE A FR-ol(Multileg buoy)Z Lol d 1o
(Berteanx, 1976), YAAFHol= %A F(Taut mooring), ©]<+
Al FH(Catenary mooring), SA+E AlF(Lazy wave mooring) 52
s & Utk AR AFHA AUET} i, Foli
A o] o] dod 4 e ©xo] UtKPark and Shin, 2003).

71&9] Hold & W2 AT-E2 A FFolo gt 1t

%5

o o

)

=9 Sl F2 IZHSATh Carpenter et al.(1995)
& zakel T PAe] Fold tigh
gatdom, AF
Atk 352 29 Folo} 73
& AESYoH, 7t Fold FIEAE EXMIATE Ma et
al.(2015)2 VG AlF Folo] EZE Q| 5ol sl Atel ot
E AFAAHH 2 Aslel HEo] Sub-harmonic 5ol T3] HE
SHAT ] AT Folo HAY 58S skt Folg
50 AR AsAbeld A AHENE Xt FA RS
T3, A@ FA8A ko] AAE vwsdch AEE
Bt oy} Sub-harmonic &5 24E AAF] HEINOH,
Sub-harmonic +&-2 AZPEAZ WH3lsl= AlFAL Aol 23]
A vAE A4 B9E Qe AulE-e FASIATE Lee

Esigon, g 9 25 2Ad4 APS SRS ARA

Received 8 August 2018, revised 12 April 2019, accepted 13 June 2019
Corresponding author Bo Woo Nam: +82-42-866-3934, bwnam@kriso.re.kr ORCID: https:/ /orcid.org/0000-0003-1125-7453
It is noted that this paper is revised edition based on proceedings 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.


https://orcid.org/0000-0003-4049-0350
https://orcid.org/0000-0003-1125-7453
https://orcid.org/0000-0002-1373-4754
https://orcid.org/0000-0002-7065-2763
https://orcid.org/0000-0001-8500-5561
https://orcid.org/0000-0002-0488-9770
https://orcid.org/0000-0003-4049-0350
https://orcid.org/0000-0003-1125-7453
https://orcid.org/0000-0002-1373-4754
https://orcid.org/0000-0002-7065-2763
https://orcid.org/0000-0001-8500-5561
https://orcid.org/0000-0002-0488-9770

Model Test on Motion Responses and Anchor Reaction Forces of an Articulated Tower-Type Buoy Structure 215

o] e Wl 729 G Ao Aol AAE
£ IS THLee et al., 2014).

B ATl A= ol FH °lEI= EF9)(Articulated tower) ¥ E 2]
7 glolze} HEA2 FAE AAY Fo] F2E9 3 =1
A2l /\gikl_g_ _t,r_ss,\]g ATE Bl Hrpstyct olg)F
Fo] FREL F4AU AUAF B2

solo} D) 59 ol AT FAANE

ox
k)
e,
A
u:?L
et
o
o

21 Ad 29

71 dolxzel REAR FAHE AEE olEEdClHE B
Fejo] Fo] FxEo| 3 Al YEA (Survivability) S P E
< Fot Brrstdnh tid Fol7rx2ES Fig 13 o] 451
Z=(Equipment) o} & Tjo]Z-Feaj.gto|x g FEH, Fol
TR Y4 W72 A Ro| 22 FYo AT F
B mope] RYAE 7} R AFae] QA o] T2E

AN » .
. % Equipment TN\
Pipel D
H HAT (WD 41.0m) h"
HE T LAT (WD 34.5m)
{ HAT (WD 41.0m)

Pipe2 ||| Floater

\—‘ "8 LAT (WD 34.5m)
] hd
| e o
:
M- w1
I [

H 7 van]

Fig. 1 Articulated tower-type buoy

Table 2 Main dimension of the articulated tower-type buoy

Table 1 Main dimension of the upper structure and floater

Item Unit Proto Model (1/22)

Upper structure height [m] 2.60 0.118
Upper structure length [m] 2.00 0.091
Floater diameter [m] 4.30 0.195
Floater height [m] 2.50 0.114
Floater mass [ke] 2820.0 0.265
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Item Unit

Pipe 1 Pipe 2 Pipe 3 Pipe 1 Pipe 2 Pipe 3

Outer diameter [m] 0.4064 0.508 0.508 0.018 0.023 0.023

Inner diameter [m] 0.378 0.458 0.4796 0.017 0.021 0.022

EA [kN] 3.71E+06 8.04E+06 4.67E+06 348.348 755.275 438.588

EI [kN.m?] 7.14E+04 2.35E+05 1.42E+05 0.014 0.046 0.028
Length [m] 2.94 20.372 7.0/13.95 0.134 0.926 0.318/0.634
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Table 3 Environmental conditions
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Proto ) Model (1/22) ) Env.
) Current vel. Wind. vel. Current vel. Wind. vel.
Wave ID  Dir. Ip Hs 5 Tp Hs 5 Remark
[deg]  [s] m] [ [ nvs] [ nvs] [s] [m] [-] [nvs] [ m/s] [-]
IRWO1 180 970 325 33 - 207 015 33 - Sea state 5
IRW02 180 1240 5.0 33 - 264 023 33 - Sea state 6
IRWO03 180 154 8.0 33 - 328 036 33 - Sea state 7
IRW04 180 970 325 33 2.0 50.0 207 015 33 0.43 10.33 Sea state 5
IRWO05 180 1240 5.0 33 2.0 50.0 264 023 33 0.43 10.33 Sea state 6
IRW06 180 154 8.0 33 2.0 50.0 328 036 33 0.43 10.33 Sea state 7
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Fig. 6 Time series of pitch motion of the buoy (left: wave only, right: combined environment)
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Extreme Value Analysis of Statistically Independent Stochastic Variables

Yongho Choi™’, Seong Mo Yeon™’, Hyunjoe Kim®" and Dongyeon Lee™
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KEY WORDS: EVA (extreme value analysis), EVT (extreme value theory), IID (independent and identically distributed), Weibull, GPD
(generalized Pareto distribution), Block maxima, GEV (generalized extreme value), POT (peaks-over-threshold), PACF (partial
autocorrelation function)

ABSTRACT: An extreme value analysis (EVA) is essential to obtain a design value for highly nonlinear variables such as long-term environmental
data for wind and waves, and slamming or sloshing impact pressures. According to the extreme value theory (EVT), the extreme value distribution
is derived by multiplying the initial cumulative distribution functions for independent and identically distributed (IID) random variables. However,
in the position mooring of DNVGL, the sampled global maxima of the mooring line tension are assumed to be IID stochastic variables without checking
their independence. The ITTC Recommended Procedures and Guidelines for Sloshing Model Tests never deal with the independence of the sampling
data. Hence, a design value estimated without the IID check would be under- or over-estimated because of considering observations far away from
a Weibull or generalized Pareto distribution (GPD) as outliers. In this study, the IID sampling data are first checked in an EVA. With no IID random
variables, an automatic resampling scheme is recommended using the block maxima approach for a generalized extreme value (GEV) distribution and
peaks-over-threshold (POT) approach for a GPD. A partial autocorrelation function (PACE) is used to check the IID variables. In this study, only
one 5 h sample of sloshing test results was used for a feasibility study of the resampling IID variables approach. Based on this study, the resampling
1ID variables may reduce the number of outliers, and the statistically more appropriate design value could be achieved with independent samples.

Abbreviations inference about extremes is usually difficult to achieve because of the
lack of data. In this case, the tail behavior of the distribution is of
ACF: autocorrelation function PACF: partial ACF importance. There are mainly two popular extreme value models in
EVA: extreme value analysis EVT: extreme value theory the EVT: the block maximum model and peaks-over-threshold (POT)
GPD: generalized Pareto distr. MEF: mean excess function method. According to the 1st EVT theorem, which is referred to as
GEV: generalized extreme value IQR: interquartile range the Fisher-Tippett-Gnedenko or Fisher-Tippett theorem, a distribution
CI: confidence interval SE: standard error of the block maxima yields a generalized extreme value distribution.
POT: peaks-over-threshold P-P: probability-probability The 2nd EVT theorem, which is referred to as the Pickands-Balkema-
MPM: most probable maximum Q-Q: quartile-quartile de Haan theorem (Balkema and Haan, 1974; Pickands, 1975), is used
MOM: method of moments LS: least squares methods in the tail-fitting for the POT. The POT data also consist of two
MLE: maximum likelihood estimation method distributions: a Poisson distribution for the number of events per given
PPC: Pearson correlation coefficient = R time period, and a generalized Pareto distribution (GPD) for the size
IID: independent, identically distributed of the exceedances.

This paper will focus only on the EVT for the design value for
1. Introduction the sloshing impact pressures obtained from a sloshing model test.
It can be understandably applied to obtain a design environmental
condition. In order to be able to apply the EVT, the observations need
to be independent and identically distributed (IID). Hence, IID is to
be checked for measured sloshing impact pressures. But DNVGL

The extreme value theory (EVT) based on the Fisher-Tippett
theorem (Fisher and Tippett, 1928) describes the distribution of
extremes and rare events, especially in highly nonlinear slamming or

sloshing impact data and long-term environmental applications. An (2015) even describes that sampled global maxima of mooring line
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tension are assumed to be independent stochastic variables without
checking IID. ITTC (2017) never covers the independence of
sampling pressures in a sloshing model test. Consequently, the
assumption that consecutive data are IID may not be theoretically well
justified, and the common positive correlation of successive data may
lead to conservative estimates by simply regarding observations far
away from a Weibull or generalized Pareto distribution as outliers.
This study first checked the IID of the sampled data. If random
variables do not pass the IID check, resampling schemes that use the
block maxima approach for the GEV (Generalized extreme value) and
POT approach for the GPD are used. A partial autocorrelation function
(PACF) is used to check automatically the IID variables. Finally, the
resampled IID data are used to estimate the extreme design values.
For the feasibility study of the resampling IID variables approach, only
one 5 h sample of sloshing test results was used in this study.

2. Theoretical Background

2.1 Extreme value theory

Fisher and Tippett (1928) developed and organized a GEV using
three asymptotic limit distributions: Gumbel (£=0), Fréchet (£>0), and
Weibull (E<0) distributions for IID variables (Ochi, 1990). Gnedenko
(1943) and Gumbel (1954) gave the credit for the GEV or
convergence to the type theorem (Choi 2016).

exp[— (1+&(@—p) /o)~ £#0

Gapy(wip,o,8) = {exp[— exp(=(z—p)/0)]  €=0

)

in which u, o, and € represent the location (“Shift” in figures), scale,
and shape parameters, respectively. The r-return period value z, is

obtained by,
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The symbol ” represents the estimation. For the sloshing test, the
r— return period in model scale for the AHr-hour in real scale is
obtained by r= Hrx3600/dt/v/X=Hr/DxN, and dt=Dx3600/

N,/ VX, where D, N, dt, and ) are the test duration in hours, number
of peak pressures, average time interval of impacts in seconds, and
real-to-model scale ratio, respectively.

The maximum likelihood estimation (MLE, see sec. 2.4) method
is used to estimate the GEV parameters by maximizing the likelihood
function (Z) or by minimizing the negative log-likelihood function
(=D.
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A Hessian matrix # is defined to obtain the SZ (standard error
= stdev of sample mean = stdev/+/N) for the CI (confidence
interval), in which stdev is a standard deviation. It is a square matrix
of 2nd order partial derivatives of a scalar-valued negative
log-likelihood function. The estimation symbol * is dropped hereafter.
An inverse matrix of A yields the variance-covariance matrix V. The
SEs of the distribution parameters are obtained by the square root

of the diagonal terms of V.
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Because the SEs of the r-return period extreme values are more
practical than the SEs of the distribution, the Delta (V) method (Xu
and Long, 2005) for the GEV is used. Hence, the SE is the square
root of the variance of the r-return period extreme value Z,.

SE, = (Var(z,) = V] « Ve Va, ,y =—In(l=r"")  (6)

Va, =| — |= -1y 9) 0
o 21—y, ) =o€ 'y ‘lny,

3

Next, Balkema and Haan (1974) and Pickands (1975) verified that
the exceedances over a sufficiently large threshold value  approximately
yield the GPD when the IID variables follow a GEV distribution. The
GPD is derived using the conditional exceedance distribution function
for IID random variables.

Cf-Oge) Veeso
B 1*eXD(*y/(r“) 520 0-“70+§(u H) (8)
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The r-return period value «, for the GPD is shown in the equation
below. In this equation, n, is the number of measured points per unit
time (1 h for the sloshing test, 1 year for the environment) and
A, _Pr(X>u)=1-F(u) is the ‘Rate’ (empirical threshold exceedance
rate). In the case of sloshing tests, r = r'n,=Hr > 3600/dt/ /X . In the
case of the environment, r = r'ny =7r'%x365.25 24/, where ' and

A are the number of years and measuring interval in hours, respectively.
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The negative log-likelihood function (—1) for GPD is,
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The Delta method for the GPD of the SEs for the r-return period
extreme values is shown in the equation below. Hereafter, ter'ny,
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The determination of threshold w is essential for the GPD because
the POT approach provides a model for IID exceedances over a high
threshold. There are various capable methods for determining u, such
as the MEF (mean excess function or MRL (mean residual life), most
popular method (Kim and Song, 2012)) plot, parameter stability plot,
dispersion index plot, rule of thumb, and multiple-threshold model
method (Bommier, 2014). Because the AM/EF is a linear function of
u, the starting point of linearity found in the MEF plot is to be a
proper value as the threshold value.

MEF=c(u) = EIX—ulX>u]=(o+&)/ (1—¢) (12)

2.2 Other distributions

In the conventional analysis procedures of the sloshing test to date,
a 3-parameter Weibull distribution, which is one of the GEV
distributions when € <0, or GPD is used to estimate the extreme
design value. The 3-parameter Weibull for the highest 10% of the
data as a popular industry practice was also studied. It is a hybrid
approach with the POT and GEV instead of the GPD.

2.3 Autocorrelation and partial autocorrelation

The data for EVT should be IID stochastic variables. Because zero
correlation shows that the variables are linearly independent, the
independency is checked by the correlation. A coefficient of the
autocorrelation function (ACF) r, (1) shows the correlation with lag
T between z(t) and z(t—7) in a given time series. The PACF
p, (1,7) is defined by the autocorrelation between z(¢) and z(t—1)
in a given time series, with the linear dependence of z(t) on
x(t—1),z(t—2), -, x(t—7—1) removed.

r,( =300 (e, ~2)(z, ., —2)/(Z)_ (¢, — 2)? (13)
’ _ cov(z,—a;_Jw, 1 2 4q)
polmm = \/”ar<$llzi—17"'~l'f—7+1) s var (z,_ oy wy) (14

Where

p, (L) =7, (1)
(rr) = r, (D=0, (7= 1), (7= )
PainT 1=, (1), ()
p, (1) =p, (7= 1,5)—p, (17) « p, (r—1,7— )

forr=1

forr=2,3,---,n (15)

A program for all the statistical analyses except for CT for sloshing
impact pressures was realized in the Python programming language
in this study, rather than the ‘R’ programming language and in-house

code used in Choi (2016) for the extreme environmental condition.

2.4 Parameter estimation methods of distribution

When fitting probability distributions to data, DNVGL (2017)
recommends several fitting techniques such as the method of moments
(MOM), least squares methods (LS), and maximum likelihood
estimation (MLE). MLE is used to fit the data on GEV and GPD.
Because MLE for a Weibull is applicable only when the shape
parameter is greater than one (Smith, 1985), and the shape parameter
for the sloshing peak pressures is usually smaller than one, the MOM
was applied for a Weibull in this study. Because the purpose of this
study was to check the IID for statistical distribution models, a

comparison of the fitting techniques was not carried out in this study.

3. Sloshing Impact Pressures and
Conventional Fitting

Special care is needed to extract the sloshing impact pressures
directly from the sloshing model test because of various causes of
interference such as electronic noise and meaningless small pressures
in the measured pressure time record. An initial POT method with
an initial time window that is usually used in GTT is applied to cope
with it (Fillon et al., 2011; Kim, 2017). Because the sloshing pressures
sampled with this screening approach does not include the checking
IID, an additional POT for GPD and block maxima for GEV for IID
random variables were introduced in this study.

A sloshing model test with a model scale ratio A = 50 for the No.
2 tank of a 160 k (160,000 m®) conventional LNG carrier was conducted
by filling it to 30% with water and air under 1 year North Atlantic
beam sea condition. This study dealt with the sample pressure record
from a single Kistler piezo-type pressure sensor at only one location.
Fig. 1 shows the extracted 764 N, sloshing peak pressures with an
initial threshold of 2.5 kPa and time window of 0.2 s, which is hereafter
defined as one block for the block maxima approach in the model
scale. The measured maximum pressure was 244.7 kPa in model scale.
The total test duration was 2545.6 s in model scale (D=>5h in real
scale); dt was 3.33 s. Fig. 2 shows the results of the conventional
procedure for the 3-parameter Weibull fitting with all 764 data points.
The estimated 3 h MPM (@Q=1/7=10.002) as a return level for the
3 h return period is 143.6 kPa, and it may be underestimated
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considering the last two large pressures, where r = 3h,/5h X 764 = 458.4.
A value of 143.6 kPa (75.4 bar) for water yields 69.4 kPa (35.4 bar)
for LNG in real scale. The maximum value of the abscissa is obtained
by multiplying the maximum measured data by 1.5.

The Tukey (1977) method using quartiles is used to check the
outliers. An outlier from the fitting curve is determined based on a
distribution of residuals obtained by subtracting the theoretical values
of a model’s extreme distribution from samples with the assumption
of normally distributed residuals. Then, the outsiders of @, —v><IQR
to @, +v<IQR are defined as the outliers, where @, @, and IQR
represent the first and third quartiles and a interquartile range @, — @,
of residuals, respectively. v is a constant value traditionally given as
1.5 by Tukey. However, in this paper, an appropriate value will be
found, because smaller residuals yield a larger v. In the case of Fig.

2, the last two large pressures are considered as outliers with 7QR=
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Because the conventional procedure does not check the 1ID, no one
makes sure whether or not the 3 h MPM of 143.6 kPa is correct.
To avoid this, the linear independence is checked by PACF, as shown
in Fig. 3. Two graphical diagnostic plots such as the P-P plot and
Q-Q plot, as shown in Fig. 4, are also used for the goodness of fit.
In the Q-Q plot, R is the Pearson correlation coefficient (PCC), with
a range of -1.0 to 1.0.

Because one point at time lag T = 18 of PACF in Fig. 3 exceeds
the 95% (I, and the plots in Fig. 4 look bad (R = 0.982 in the Q-Q
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plot), one can say that all 764 data points are not IID. Hence, the
3 h MPM of 143.6 kPa is unconvincing.

Next, the other conventional procedure is GPD fitting for the largest
8% of the data as a rule of thumb, as shown in Fig. 5 and Fig. 6,
with a GPD threshold u= 24.3 kPa and N,= 62. The estimated 3
h MPM is 164.7 kPa, which is larger than 143.6 kPa, as shown in
Fig. 2. The fitting results look better than Fig. 2. In fact, considering
IQR = 4.172 and ~= 7.57, Fig. 6 has no outlier. Furthermore, the
data follows a Fréchet distribution rather than a Weibull distribution
because positive shape parameter &= 0.434. Because this high
threshold reduces the bias and the number of data points but increases
the variance, it is necessary to choose a lower threshold as far as
possible to increase the amount of data and decrease the variance.

Fig. 7 and Fig. 8 are used to check the IID and goodness of fit,
and show somewhat nice fitting with R = 0.993 in Fig. 8.

The MEF plot shown in Fig. 9 indicates that selecting a threshold
of 24.5 kPa is not bad, because the MEF shows a linear tendency
above the threshold (see section 2.1) except for a high threshold due
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to the lack of data. Hence, it can be said that a proper threshold is
around 24.5 kPa.

Finally, considering an industry practice of 3-parameter Weibull
fitting for the largest 10% of the data, the 3 h MPM of 150.7 kPa
is obtained with u= 21.0 kPa and V,= 77, as shown in Fig. 10. This
is slightly larger than 143.6 kPa for the 3-parameter Weibull fitting
with all 764 data points in Fig. 2. The last two large pressures are
considered the outliers, with 7QR= 14.738 and += 3.58. Considering
€ > 0 in Fig. 6, the Weibull with MOM is not an appropriate
distribution in this case.

4. GEV and GPD for IID Variables

Because the data for GEV and GPD should be IID random
variables, the block maxima for GEV and the exceedances over the
threshold for GPD are used to check IID using the PACF and MEF
in this study, respectively. For MEF in Fig. 9, it is, however,
somewhat challenging to interpret for a linear region to choose the
threshold and disadvantageous to eliminate the manual work for
determining the threshold. Hence, PACF is also used in checking 1ID
for GPD in this case.

At first, for GPD, Fig. 7 and Fig. 11 show ACF and PACF for
the largest 8%, 10%, and 11% of the data, respectively. All of the
PACFs satisty the 95% CI,. Hence, all of the cases pass the IID
checks. The 11% case has the largest number of data points (V,=
85) among them, and data larger than 11% cannot pass the IID check.
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appropriate design pressures. The positive GEV shape parameter
(E>0.489 in Fig. 15) yields the Fréchet distribution.
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5. Concluding Remarks

In this study, GEV and GPD were used to fit IID random variables
from a sloshing model test, as well as the conventional analysis
procedures. In order to apply GEV and GPD, the IID check was
carried out in advance for highly nonlinear data by MEF and graphical
diagnostic plots. For the feasibility study of the resampling IID
variables approach, only one 5 h sample of sloshing test results was
used in this study. Hence, further study with various samples with
test durations of 5 h or longer (e.g., 30 h) and other filling cases
(e.g., 15% to 70% of tank height) may be needed to verify this
approach. The following concluding remarks can be made for this
study.

(1) In the case of impact pressures obtained by the sloshing model
test in this study, the 3-parameter Weibull with MOM may not be
an appropriate distribution for all of the sampling data using the
conventional procedure with an initial threshold and time window.

(2) The GPD fitting for the largest 8% of the data, as one of the
conventional procedures, gives a relatively reasonable design pressure.
Because this high threshold reduces the bias and the number of data
points but increases the variance, it is necessary to choose a lower
threshold as far as possible to increase the number of data points and
decrease the variance. In addition, the obtained positive GPD and
GEV shape parameters give evidence that the data to be analyzed
follows a Fréchet distribution rather than a Weibull distribution.

(3) The 3-parameter Weibull fitting for the largest 10% of the data
as an industry practice showed a bad performance because of the
positive GPD shape parameter for the sample in this study.

(4) Resampling of the IID variables was carried out using ACF,
PACF, MEF, and graphical diagnostic plots for GEV and GPD. From
this study, resampling IID variables may reduce the number of
outliers, and yield a statistically more appropriate design value

because of the independent sample.
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Powering Analysis of Oscillating Foil Moving in
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ABSTRACT: In this study, a two-dimensional oscillating foil with forward speed in a propagating wave flow field was considered. The time-mean
power to maintain the heaving and pitching motions of the foil was analyzed using the perturbation theory in an ideal fluid. The power, which was
a non-linear quantity of the second-order, was expressed in terms of the quadratic transfer functions related to the mutual product of the heaving
and pitching motions and incoming vertical flow. The effects of the pivot point and phase difference among the disturbances were studied. The negative
power, which indicates energy extraction from the fluid, is shown as an example calculation.
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ABSTRACT: Internal waves occur at the interface between two layers caused by a seawater density difference. The internal waves generated by a
body moving in a two-layer fluid are also related to the generation of surface waves because of their interaction. In these complex flow phenomena,
the experimental measurements and experimental set-up for the wave patterns of the internal waves and surface waves are very difficult to perform
in a laboratory. Therefore, studies have mainly been carried out using numerical analysis. However, model tests are needed to evaluate the accuracy
of numerical models. In this study, the various experimental conditions were evaluated using CFD simulations before experiments to measure the wave
patterns of the internal waves and surface waves in a stratified two-layer fluid. The numerical simulation conditions included variations in the densities
of the fluids, depth of the two-layer fluid, and moving speed of the underwater body.
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Table 1 Characteristics of wave profile

Wave Length [m] Period [s] Velocity [m/s]
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2.3 TE23H|

B ATl AR a5 FEl= Bt
AE FAw& FAolth T(Sphere)E T
T A, FE2A HY EAE ¢
Azte] 28 A0 =3 fAo] o FA|H o] é*ﬁﬂolﬂ =2l
A ] FEEEAR TR S Tl A, A FH
2 Qs A 9 5ol FES] wTdEHA Yot ZPHF

< APE A ASF 7Fed 2719 3ot AZIA LTt kA
Fig. 392} Zo] & Zo| 10cm, ¥ & 7152 U & X E0]
2em8l FEEEAE AR A A (1)F 2tk

4) 7
) ™

Fig. 3 The shape of a underwater body for simulation

2.4 X|offM =A

E AT A= 48 CFD &2ZEg]o{?]l STAR CCM+ 13.027}F
AME QAT &5 Adate] nlmE fJs) AA AZ A0 dol
5m. % 1.8m, %°] 08m¢<! ©|SfAl Ry F7|E vkl
Mol ARg3t ALt FH HAAZRAE Fig 49 ZAEASH
Fig. 4(a)°l YeRAd A Slip wall, Symmetry 718 AR8-3|
Aol 5m, # 09m, 0] 0.8mo] APl FAEA & 2138
stRom, A 1Y BdA 4R dd R/
FstA *MXI 2ol Symmetry FAIZAES AMESIY ARGE

Velocity Inllet
Twal) x,d

0.8m

Pressure Outlet

Sli diti
|p(l;(v:: )I ion 0.9m

(a) Computational domain

Po J]-X

P1 hy

P S Y

P2 T

UGm/s) p,
l L

(b) Configuration of a underwater body

Fig. 4 Set-up for numerical simulation in a stratified fluid



Numerical Study for Experiment on Wave Pattern of Internal Wave and Surface Wave in Stratified Fluid 239

Table 2 Fluid properties for a stratified fluid
Fluid Density [kg/m’] Dynamic viscosity [Pa « s]
Fresh Water 1000 8.8871E-4
Sea Water 1025 8.8871E-4
Vegetable Oil 925 0.08871
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Table 3 Simulation conditions for numerical simulation
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Case  py [kgm’] p, [kgn’]  p, [kgm’] U [m/s] D [em] hy [em]  hyfem] Fry Fry Fr
1 1000 1000 - 0.2393
2 1000 1025 0.5 0.9994 0.0360 0.2393
3 925 1000 0.9980 0.0632 0.2393
4 1000 1000 25 - 0.3829
5 1.184 1000 1025 0.8 42 0.9994 0.0360 0.3829
6 925 1000 0.9980 0.0632 0.3829
7 1000 1000 - 0.2329
8 1000 1025 0.5 5 0.9988 0.0482 0.2329
9 925 1000 0.9964 0.0847 0.2329
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density ratio (U = 0.5 m/s, h;= 2.5 cm)
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Fig. 11 Contour of surface wave and internal wave according to
the density ratio (U = 0.8 m/s, h,= 2.5 cm)
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Flow and Scour Analysis Around Monopole of
Fixed Offshore Platform Using Method that Couples Computational
Fluid Dynamics and Discrete Element Method

Seongjin Song™, Wooyoung Jeon® and Sunho Park®
"Department of Ocean Engineering, Korea Maritime and Ocean University, Busan, Korea

CFD-DEM SAI7I'H& &83 144 ==Y
R 9 F B A=Y

SAHRC - ASYE - s
gk

KEY WORDS: Sediment transport 3£A} ©]%, Scour A, Computational fluid dynamics Z4HFA98}, Discrete element method ©]4HS.
4%, Monopole foundation E=3+Y 713

ABSTRACT: When an offshore foundation is exposed to waves and currents, local scour could develop around a pile and even lead to structural
failure. Therefore, understanding and predicting the scour due to sediment transport around foundations are important in the engineering design. In
this study, the flow and scour around a monopole foundation exposed to a current were investigated using a method that coupled the computational
fluid dynamics (CED) and discrete element method (DEM). The open source computation fluid dynamics library OpenFOAM and a sediment transport
library were coupled in the OpenFOAM platform. The incipient motion of the particle was validated. The flow fields and sediment transport around
the monopole were simulated. The scour depth development was simulated and compared with existing experimental data. For the upstream scour hole,
the equilibrium scour depth could be reproduced qualitatively, and it was underestimated by about 23%.
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A Bgo o) Je wigron nejsly] Wil A A
o 2] —‘E—*é% RALGAN Kol st ofelgol Yok §

°] 4k Q A (Discrete
element method, DEM)°] A& Aol A ARt A
T YAE o] wAF Z7)9] HAE F8ste] TS Bk
ol ofs) ALHET o7 WHS %}X]'«] A3 A&
A 5 & Bk o} i
o YAE AT T &' Aol Utk w}a]-k] 2 35 ©
g 4] AFE sty 3 olik AT WA ] A
SAlel A¥sk= CFD-DEM 7A|171Wo] dasttt. CFD-DEM
AAZIHE AR ZHgshe FAlY G Aol A-8ske
YA FEFE FHFo R IHYG F Jvhe EAo] Utk HZ
o= CFD-DEM QAIZI'HE o] &3 A olF afX A7t 2
Y=o 231 AT Schmeeckle, 2014; Sun and Xiao, 2016).

Hur and Jeon(2011)©] LES(Large eddy simulation) <=X] 23 o]
23 7‘*’#}7ﬂﬂé‘ﬁ“d} o]~k Q A~®(Cundal and Strack, 1979)& 2
st BEEF A dHe] Az 9 §HF @S 2ot Li
and Tao(2018)t CFD-DEM S1A|7|% & o] &3t dZ&3g mefko
wzt FoA TAsk= A 5 AlFE AR, Yang et
al.2018)= s A Tho] il 9 22k AlE E4S sl MstqiTh
CFD-DEM A7 S o] 83 A7+ Zdshd siA Agke
Aste dAG & N dAel WE ALE FakE £017] SA%H
AT F2F FHANA wPE A 8 o7 gAe AF
g ZA didel g A7t obF FE37E Aol

welA, B AFo)A= CFD-DEM QAIZHE o] 83l B
I F99 JA AsH 4 5 s TS
el 2=F =T AN E e golBHEE AT dA
3|41Q1 DEM= 93l LIGGGHTS(LAMMPS improved for general
granular and granular heat transfer simulations)® CFD3}|44-& 9|+
OpenFOAM®| AH8-5 A THGoniva et al., 2012).

N[O lo o2 :‘?‘:’

2. A 2EE

2.1 O|A2AH(Discrete element method)

olAk@ 4] 7182 7§ d-S Cundal and Strack(1979)°ll ©l&l AA]
H St 4A} 1] FE-L Linear spring-dashpot 222 THE38l519]
I, M8 YAk 52 7E A2HER o Z yeRd = Stk YAk
W S5 31 %o tigk Au) WAL 2 (1)42)9 2ok

my dt prp+2fplb+nlpg+fpf )
dw,
lp dt = Tp+ pr.f ()]
o714, obel HA p= B YAE LrERITE 4 (1) YA
W7 S5 e, Sel A WA FEE £ f, mg
TP g, A 2 SR ¥, YA FEC 9@ 3,
29 293 fA-94 JEAE P2 Aunh FA-U4 3
2802 Ha FE}o] 2§t §)(Pressure gradient force) 1
g1 FA8YE 13k &% RAE= Koch and Hill(2001)

o] AEHAH A )= A A &5 YEH, A+ 3¢H
of ZE o3 BT} fAE) o3t Y & 5 vy
o2 Yehd 4 JtiKloss et al., 2012).

2.2 M|k Computational fluid dynamics)

A 899 ML HgFA FAY I4 Hestd A7 B
& 23 waly BE 2] (Anderson and Jackson, 1967)<
ARgsEom, iAke] 2Qlel| whet Wishs Ao fAldEE
=4 HoskE A 9 FIEE o] &dt] T A
a2l 2] (3)-(4)eF 2ol YeRiTh

oy
ot +V . (afuf):() 3
dasuy

Aq71A, ol HA f= FA %

5, o, A 998 FIEE, oot pe

Z4zF etk = A4 $893S UehiY g, = 443
ol EEFE Ut of, 7, 283 R, = A2 A (5)7)
T Zo] YeRd 4 Stk

6)

Tf:Vf(VUf‘F(VUI)T_%Vf(V . uf)] 6)

Ry, = [(f\p(uf - <“p>) @
_ 1¥E

K50 = Vil <3| ®

o714, 2 5)2] .9} v, = Ao Baje}l Aol 913k kA YAk

& 22 etk N, = Al f1A13 42 5 vERin 4
©)° v A FREAAITA, 2 B HAME YeRit 4
N9 K; = A2 F22E Aol (u,) = A A9
U7 E2E YeRith FA-GA B8 Alrs A (8)F 2ol
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Fig. 1 CFD-DEM coupling algorithm



248 Seongjin Song, Wooyoung Jeon and Sunho Park

7D 10D

Top

4D Inlet Monopile outlet

Bottom

z
L5D x Seabed bottom

I I N
I I )

2D 10D 5D

N|
»

Fig. 2 Domain size, boundary conditions and mesh for CFD solver

Monopile

d; =1.0mm
d, = 1.5mm

Seabed top d; = 2.0mm
z R R R d 1;u§:o:\f:§v:5:aiﬁj;:guw:3;§€
ax
N s ;a§eabed bottom| | 1-5D

< > »
| |

10D

Fig. 3 Particle distribution and domain size for DEM solver

g
&4‘
mlo

3lAth ol RIE, &7 AAHINME
Fe Neuma z27, +¥L Dirichlet A2 A3}
2 %Elfﬂ*b gy o= spgsta At
Symmetry 20E& AAEA B

Z ot op
b
o
e
of
o>
{o

10DE 2439, =

wlel FAORRE U P ET PG
o o]t s Atk G ¥ AoE Hasis) 91 A
Auke] F3h 2ok 717} 5D, 15D Atk Akdele) 2

2

& YA} AsAEsHA] ofal 1 AE ¥H 2108 AASH &
5o o3 R2ol= YAk £4-& WAFIAT A ANke
ke YAkE T BYoE JeriA, 9A 2= VAR
Z3MFek A ARk FAY Rl o wehE f4 58
o] AujAQl FHoll= Imm(d,)H 1.5mm(d,) 712 YAE 2
2 BExala, wghd 58399 Jsakgo] ungk dYol= 2mm
(dy)Z EE39tE AAF A4S OpenFOAMO] Al F3h= A5 AR}
34 FEEElQ] BlockMesh®} SnappyHexMesh S ©]-8-51] HVéEﬂ
AAZ AAE AT A4 383 A AHke] daatg
AEs| 1efstr] 213l A Ak TR Beatd F9]9 *Jﬂl?ﬁ
2 AAE WHAAT 7P 22 A4, F BEEH Y=
Ho] Az} Z71E YA, oF 3vi = AABIY ol B TXI
s AxtzRE A5 W9 [2d, 4d]°) H3THXu et al, 2018).
A7IA de B A A71E etk

2

I

o fr Hl

| oX

4.1 Hrk =74
£ A5 CFD-DEM QAIZIHE o] 83 2ty 9] 2
HAkel A A @l gk AFoltk. EA} o]FS T3}

7] el A 7] 55 AFeATh Aol tigh X814
A 3= Roulund et al.(2005)2] AF Avte}l v|waATh Fig 4=
iAol AHgHE A% 8 WFE vehdth F4l(h) 3 A
% FA6)T 44 4De} 2Dolth B dAFeAe Beatd 2
S A¥ 270.1m) Bt 2 0.04mE AASQT, £ HTF
f-4:(Mean flow velocity)< 1.15m/se| o). 2t 27-& 7]Z o
2 HolE2a(fe,)t BAZ FA 71E HolE2(fey)= 4
Z} Re,=4.6x10%, Re; =9.210* )] |33, ©]:= Roulund et al.
(2005)2] =73} FY3}t). Roulund et al.(2005)9] vkl FAl
oAe = EXE Adsr] Sl dF- AAR 2
2 AAsiAdth gEke] JFe 1A

o oA AN A me YA meste Fele) e
o 7
o

5ty
Saa Tyl

. 7NE QA= E%l%lf& e YAf= A AEkE B Auk
ks LJH 55 CFD-DEM %4
A 2431t} Table 12 YA A
Bl At 248 Yepdth 28 ¢ H W5 = 2650kg/m’e|Th
7};31— 11—_04 7(} g_7]h lmmo]t:] o]h }\1{54
NA AL HF AR Z7)(dy, = 0.26mm)E Tt =T HA U=k
= ¢F 1309 77 AH2E Ut CFD-DEM A 7188 A4-4
A AIZE 7HF 0] o4t AsA AR AR & ERS V)

A3l Yok AAFASNA T olxkassA ARt AL Azt
v
monopile
=1.15m/s
—
’ h=4D
/
6=2D D =0.04m
«—>
e

3

SRR

eI,
S,

2

O 5
R

%

Rtk

0
B
&

Fig. 4 Problem description

Table 1 Summary of Simulation Parameters

Spherical particles

Number of particles 1,300,000
Diameter [mm]

present 1, 1.5, 2
Roulund et al.(2005) 0.26
Density [kg/m’] 2,650
Poisson’s ratio 0.35
Young’s modulus [N/m’] 5x10°
Coefficient of friction 0.6

Computation condition

CFD time step [s] 5x10™
DEM time step [s] 5x10°¢
CFD-DEM coupling step 100
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Table 2 Summary of Simulation Conditions and Results

Present Roul(l;r(;((i)sjt al.
Water depth ~ [m] 0.16 04
Boundary-layer thickness § [m] 0.08 0.2
Mean flow velocity V' [mv/s] 1.15 0.46
Monopile diameter D [m] 0.04 0.1
Rep=VD|v 4.6 10"
Res = V§/v 9.2 10"
v/ V, 1.25
Equilibrium scour depth ~ 1.0 ~1.23
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Statistical Analysis of Draupner Wave Data

Do Young Kim®
"Hongik University, Sejong, Korea

Draupner 3252 A4 3|4

KEY WORDS: Ocean waves 393}, Freak wave, New Year wave, Abnormality index ©]’3A|4%, Wave statistics 3% 57, PCA
analysis 534

ABSTRACT: In this paper, the time history of the surface elevation measured at the Draupner platform in the North Sea in 1995 is used to examine
the statistical characteristics of the wave data. The wave statistics for 48 surface measurements, which contain three freak wave occurrences, are
summarized. The quartiles, boxplots, correlations, and pair plots of 15 variables, along with the abnormality index, are presented. The kurtosis and
skewness of the surface elevation are two variables that are highly correlated with the abnormality index, which defines freak waves. Principal coordinate
analysis showed that the direction of the changes in the abnormality index agreed with the changes in the kurtosis and skewness. In addition, various
wave heights, except the maximum wave height, showed a similar direction for the height changes, and various wave periods showed a similar direction
for the period changes. Based on the correlations and PCA analysis, the kurtosis and skewness of the surface profiles are the two most important variables
to predict the abnormality index.

1. M = % oAF7} 71 & 795 North Black SeaollA] 2433+ o}
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Table 1 Draupner wave data statistics

ID Data o v K H 1, Hy  Heo Ho Tp o H T, 7, v S, V7

01 D01 0620 1.922 0.102 2884 480 9.59 739 533 1237 1084 7.69 9.10 11.76 0.404 0.060 2.40
02 DO01_0920 1943 0.196 3.553 465 920 7.64 534 1363 11.75 776 881 1333 0434 0.064 1.28
03 D01 1420 2.790 0.253 3.132 7.10 11.88 1085 7.85 1649 1505 11.14 1081 1538 0450 0.061 1.57
04 DO1 1520 2983 0413 4062 7.12 1128 1158 820 2558 1250 11.92 10.81 1538 0475 0.065 1.88
05 DO01_1620 3.020 0217 3293 7.57 1258 1220 855 2046 1429 12.04 11.53 18.18 0461 0.058 0.76
06 D01 1720 2.849 0.134 2929 679 1120 11.10 7.70 1574 17.80 11.37 1090 1538 0.488 0.061 1.66
07 D01 1820 2991 0233 2976 7.83 12.70 1186 870 20.18 1552 1196 11.18 1538 0.481 0.061 1.89
08 D02 0620 1.730 0.162 2912 433 943 664 481 1052 9.03 688 883 1176 0414 0.057 1.81
09 D04 2340 1.546 0226 2999 370 791 595 420 982 1017 615 782 1053 0393 0.064 239
10 D05 0020 1.666 0.136 2568 434 888 633 471 880 874 662 827 11.76 0384 0.062 1.64
11 D05 0140 1.554 0.087 2820 383 831 589 427 885 1127 619 7.83 1053 0428 0.065 243
12 D05 0320 1.522 0.177 3.067 3.69 824 608 421 817 945 6.06 797 10.53 0383 0.061 231
13 D05 0620 1.783 0.197 2829 447 875 691 494 1030 1036 7.12 840 11.76 0403 0.065 1.98
14 D05 0920 1.788 0.138 3.056 4.51 894 679 498 1241 1015 7.14 806 11.76 0480 0.070 1.99
15 DO05_1220 1.965 0.147 2863 492 951 760 548 1216 9.08 782 846 11.76 0.490 0.070 2.50
16 D05 1820 1.832 0.119 2892 443 9.00 715 501 999 1005 731 862 11.76 0428 0.063 2.11
17 D052120 1.512 0.144 3.122 368 855 573 413 1159 1144 601 815 11.76 0435 0.058 1.27
18 D052220 1.586 0.085 2797 3.89 875 621 436 917 1001 632 849 11.76 0424 0.056 145
19 D09 1920 1.576 0.050 3.160 396 857 617 441 1066 9.79 628 7.87 952 0399 0.065 3.98
20 D09 2120 1.571 0.079 2945 376 822 609 427 994 862 624 809 1053 0421 0061 248
21 D09 2240 1.738 0226 3.702 4.08 837 691 474 11.02 1040 695 834 10.53 0420 0.064 3.20
22 DI0_ 0020 1982 0.180 2706 5.04 9.13 757 554 1026 1009 791 841 1176 0451 0.072 2.56
23 D10 0320 2.000 0.073 2645 493 941 774 550 1028 1192 799 884 1053 0417 0066 4.35
24  DI0 0620 1.865 0.163 2981 479 947 7.09 526 1221 949 743 847 1176 0452 0.066 2.20
25 D10 0920 1.696 0.120 2872 4.15 9.04 653 462 1002 1132 676 875 11.76 0414 0057 1.73
26 DI1_1540 1.539 0.136 2753 375 870 579 417 824 922 613 820 11.76 0441 0058 1.33
27 DI1_1620 1.552 0.047 2984 359 817 594 411 897 1086 618 829 11.76 0438 0.058 1.36
28 DI1 1820 1.694 0.137 3.049 422 893 671 472 1074 1153 675 837 1053 0435 0062 299
29 DI1.2120 1.854 0.145 2801 4.64 920 7.04 514 979 1107 738 866 11.76 0438 0063 2.17
30 DI2 0020 1.884 0.111 2902 481 1020 736 532 1087 11.65 752 890 1333 0504 0.061 1.18
31 DI2 0320 1.566 0.112 2772 394 897 590 430 9.04 1053 623 812 11.76 0480 0.060 1.40
32 D16 1340 1.554 0.017 2841 377 835 588 424 941 1005 6.17 812 1053 0403 0.0600 241
33  DI6 1500 1.539 0.185 3.193 368 833 597 418 878 888 6.15 803 1053 0413 0.061 239
34 D16 1520 1552 0214 3365 376 806 591 423 11.10 1026 6.17 7.87 1053 0413 0.064 241
35 D16 1620 1.641 0.123 3.015 402 813 638 452 963 9.66 656 784 1053 0406 0.068 2.79
36 D16 1820 1.565 0237 2846 385 816 597 428 892 830 624 7.83 1053 0422 0.065 247
37 D16 2140 1514 0.143 2989 366 826 59 413 921 912 604 809 11.76 0427 0.059 1.28
38 D16 2220 1557 -0.103 2.613 386 842 596 427 814 1024 6.18 808 11.76 0436 0.061 137
39 DI17.2240 1.791 0221 3.085 433 859 685 490 1201 978 7.3 811 10.53 0.403 0.069 3.39
40 DI8 0320 1947 0.117 2761 492 950 7.61 546 1131 971 778 888 11.76 0416 0.063 2.46
41 DI8 0620 1.692 0.134 2884 4.01 807 641 452 875 1019 674 804 11.76 0433 0.067 1.72
42  DI8 0700 1.777 0.142 2928 430 853 687 4.86 10.09 1003 7.09 825 10.53 0428 0.067 3.34
43 DI8 0840 1.587 0316 3210 3.88 836 614 436 960 1033 633 792 11.76 0439 0.065 1.46
44  DI8 1000 1.593 0.122 2685 4.10 872 624 450 851 810 635 800 11.76 0412 0.064 147
45 DI8 1300 1.523 0.110 2.826 3.82 868 593 427 923 939 606 819 1053 0376 0.058 2.31
46 D19 2300 1.527 0617 5286 3.69 7.19 610 427 1387 798 608 643 952 0.546 0.094 3.71
47 D20 0020 1.811 0.154 2778 459 868 696 506 960 9.18 719 818 952 0351 0.069 531
43 D20 0320 1907 0241 2995 464 865 737 522 1106 1187 759 823 1053 0456 0.072 3.89
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Table 2 Summary of wave statistics from data containing freak wave
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Description DO1_1520 D05 2120 D19 2300
o, RMS of wave elevation 2.98 1.51 1.53
5 Skewness of wave elevation 041 0.14 0.62
K Kurtosis of wave elevation 4.06 3.12 5.29
H, Average wave height 7.12 3.68 3.69
7, Average zero up-crossing period (time domain) 11.28 8.55 7.19
H )y Significant wave height (time domain) 11.58 5.73 6.10
H RMS of wave height 8.20 4.13 427
H .. Maximum wave height 25.58 11.59 13.87
Ty Wave period of maximum wave height 12.50 11.44 7.98
H, Significant wave height (frequency domain) 11.92 6.01 6.08
T, Average zero up-crossing period (frequency domain) 10.81 8.15 6.43
7, Peak period of wave spectrum 15.38 11.76 9.52
Iy Peak frequency of wave spectrum 0.065 0.085 0.105
v Bandwidth of wave spectrum 0.48 0.44 0.55
S, Significant steepness 0.07 0.06 0.09
Vs Peak enhancement factor (JONSWAP spectrum) 1.88 1.27 371
AT Abnormality Index = A, /H, 4 221 2.02 2.27
Table 3 Quartiles of variables
Min 25 % 50 % 75 % Max
o, 1.512 1.556 1.695 1.890 3.020
o -0.103 0.116 0.143 0.201 0.617
K 2.568 2.825 2.929 3.072 5.286
H 3.590 3.828 4.185 4.685 7.830
T 7.190 8.345 8.710 9.253 12.700
H, 3 5.730 5.970 6.585 7.363 12.200
H 4.110 4.270 4715 5.275 8.700
. 8.140 9.200 10.175 11.695 25.580
Ty 7.980 9.435 10.160 11.283 17.800
H, 6.010 6.188 6.755 7.538 12.040
T, 6.430 8.055 8.240 8.683 11.530
T, 9.520 10.530 11.760 11.760 18.180
v 0.351 0.413 0.428 0.450 0.546
S, 0.056 0.061 0.063 0.065 0.094
o7 0.760 1.545 2.185 2.485 5.310
Al 1.330 1.458 1.525 1.655 2.270
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Fig. 4 Boxplots of wave data
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Q-Q Plot for D01_1520

Q-Q Plot for D19_2300

Q-Q Plot for D05_2120
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Comparative Study on Various Ductile Fracture Models for
Marine Structural Steel EH36
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ABSTRACT: It is important to obtain reasonable predictions of the extent of the damage during maritime accidents such as ship collisions and
groundings. Many fracture models based on different mechanical backgrounds have been proposed and can be used to estimate the extent of damage
involving ductile fracture. The goal of this study was to compare the damage extents provided by some selected fracture models. Instead of performing
a new series of material constant calibration tests, the fracture test results for the ship building steel EH36 obtained by Park et al. (2019) were used
which included specimens with different geometries such as central hole, pure shear, and notched tensile specimens. The test results were compared
with seven ductile fracture surfaces: Johnson-Cook, Cockcroft-Latham-Oh, Bai-Wierzbicki, Modified Mohr-Coulomb, Lou-Huh, Maximum shear stress,
and Hosford-Coulomb. The linear damage accumulation law was applied to consider the effect of the loading path on each fracture surface. The Swift-Voce
combined constitutive model was used to accurately define the flow stress in a large strain region. The reliability of these simulations was verified
by the good agreement between the axial tension force elongation relations captured from the tests and simulations without fracture assignment. The
material constants corresponding to each fracture surface were calibrated using an optimization technique with the minimized object function of the
residual sum of errors between the simulated and predicted stress triaxiality and load angle parameter values fo fracture initiation. The reliabilities
of the calibrated material constants of B-W, MMC, L-H, and HC were the best, whereas there was a high residual sum of errors in the case of the
MMS, C-L-O, and J-C models. The most accurate fracture predictions for the fracture specimens were made by the B-W, MMC, L-H, and HC models.

1. Introduction

Materials can be divided into ductile materials and brittle materials
according to plastic behavior and characteristics. The brittle materials
hardly exhibit plastic deformation, while the ductile materials exhibit
plastic deformation accompanied by strain hardening and necking
phenomenon. Mild and high strength steels mainly used in ships and
marine structures and aluminum alloys used in small and medium
sized fishing vessels and marine leisure vessels are involved in the
category of ductile materials. The information on the fracture
behavior of ductile materials is essential to minimize the accidental
damages such as collision, stranding and explosion. Researchers in
the shipbuilding and marine industry, as well as the automotive
industry and the aerospace industry, have proposed fracture models
made of various ductile materials in order to clarify the fracture
behavior of the ductile materials.

The model mainly used for fracture prediction of ductile

materials is divided into three types according to the mechanical
viewpoint. The first is Gurson model-based fracture model.
McClintock (1968) and Rice and Tracey (1969) proposed the void
growth based damaged model that defined the fracture behavior of
ductile materials as a series of processes of nucleation, growth and
coalescence of micro void in materials and structures from a micro
prospective. Gurson (1977) introduced void volume fraction as a
damage parameter and proposed porous plasticity fracture model.
Hancock and Brown (1983) have demonstrated the theory of micro
void growth through the experiments on round bar notch
specimens. Tvergaard and Needleman (1984) proposed a Gurson-
Tvergaard-Needleman yield function and a fracture model (GTN
model) to control the growth rate of micro void in the Gurson
model. After that, many researchers have proposed fracture models
based on the Gueson model, and these fracture models are used to
numerically represent the damage process of materials. Second,

continuum damage mechanics (CDM) has a similar concept to the
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GTN model, but based on the basic theory of continuum
mechanics, the damage inside material is expressed as an internal
parameter from a macro perspective (Lemaitre, 1985). The CDM
model implements the damage inside material based on the
increase of the plastic strain through the change of material
stiffness (i.e., the reduction of the flow stress). Therefore, the
plastic strain for damage initiation and damage evolution pattern
are main material constants. The damage initiation and evolution
could be represented only as function of plastic strains in the
CDM. Recently, however, the CDM is being developed to
represent damage as functions like characteristic displacements.

Finally, in the phenomenological model, fracture is considered to
occur when the damage indicator, expressed as stress or strain at a
point in the material, reaches threshold value. Unlike the two
models mentioned above, in the phenomenological model, damage
does not affect the material stiffness, which make it easier to
calibrate material constants. Therefore, recently, many researchers
are applying phenomenological models to the fracture prediction of
ductile materials.

Based on pososity theory, Rice and Tracey (1969) expressed the
damage as a function of the stress triaxiality, which is defined as
the ratio of hydrostatic stress and von Mises equivalent stress.
LeRoy et al. (1981) observed the growth of void and expressed it
as a function of hydrostatic stress and maximum principal stress.
Cockcroft and Latham (1968) proposed Cockeroft-Latham (C-L)
expressed as the accumulation of the maximum principal stress to
the increment of equivalent plastic strain, and Oh et al. (1979)
modified the C-L model and expressed as a ratio of von Mises
equivalent stress and maximum principal stress. Clift et al. (1990)
proposed fracture model expressed as the accumulation of equivalent
stress. Bao and Wierzbicki (2004) proved that the existing
phenomenological model does not approximate the fracture strain

prediction of experimental data through experiment at wide range of
stress triaxiality condition including low stress triaxiality such as
pure shear and compression as well as high stress triaxiality which
has been mainly applied. After that, multiple researchers (Xue,
2007; Bai and Wierzbicki, 2008) introduced, as a variant of fracture
model, Lode angle expressed as third deviatoric stress invariant
along with stress triaxiality. Bai and Wierzbicki (2008) proposed
second-degree polynomial with stress triaxiality and Lode angle as
functions. Bai and Wierzbicki (2010) proposed the Modified
Mohr-Coulomb (MMC) model expressed with stress triaxiality and
Lode angle Mohr-Coulomb model as the

combination of vertical stress and shear stress acting on fracture

by deriving the

surface. In similar way, Mohr and Marcadet (2015) proposed
Hosford-Coulomb (HC) model
fracture condition and Hosford equivalent stress. Lou et al. (2012)

expressed with Mohr-Coulomb

proposed Lou-Huh (L-H) fracture model based the growth of micro
void as physical meanings, and Park et al. (2015) modified the L-H
fracture model by applying Hill's 47 yield function to have
anisotropic influence of a plate included in the model.

This paper will evaluate various phenomenological fracture
models using some of the precedent studies (Park et al., 2019). To
this end, the theoretical background of the fracture model is
reviewed, and each fracture model is expressed as fracture strain

with functions of stress triaxiality and Lode angle parameter.
2. Theoretical background

2.1 Stress state parameters

The stress state of isotropic materials can be expressed with stress
triaxiality () and Lode angle parameter () (see Egs. (1)-(2)). The
stress triaxiality and Lode angle parameter are expressed with first

invariant (7;) of stress tensor (o), and second invariant (.5,) and third
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Fig. 1 Stress states on the stress triaxiality and Lode angle parameter space (Cerik et al., 2019a)
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invariant (.J;) of deviatoric stress tensor (s) (Eqgs. (3)-(6)). The range
of the Lode angle parameter is —1.0 <6< 1.0. The relationship
between the stress triaxiality and Lode angle parameter is defined in
Egq. (7), and the relation between the stress state parameter is expressed
as shown in Fig. 1 (Cerik et al., 2019a). The stress triaxiality has
the values of uniaxial tension (=1/3, §=1.0), plane strain (y=1//3,
6=0.0), and equi-biaxial tension (7=2/3, 0=1.0) in tension area
(1/3 =n=2/3).

= == 1
RN 0
-2 [3V8 L | 2 27 4
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[ =trlo] 3)
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Fig. 2 shows a cylindrical coordinate system based on the center
of a specific deviatoric stress plane on the principal stress
coordinate system (o, 0,, o). The stress on the deviatoric stress
plane perpendicular to the yield potential can be expressed as von
Mises equivalent stress (o), and the stress perpendicular to the
plane is defined as hydrostatic stress (o,,) (Eq. (1)). The principal
stress can be expressed with von Mises equivalent stress, stress
triaxiality, and Lode angle parameter on the geometrical diagram as
shown in Egs. (8)-(10) (Mohr and Marcadet, 2015).

Hydrostatic
pressure axis
(01 = 02 = 03)
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Deviatoric

41

Fig. 2 Illustration of the 1 and # in principal stress space
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fi» fy, [y are expressed as the functions of the Lode angle
parameter as shown in Eq. (11) to Eq. (13).
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2.2. Fracture model

In this study, total seven models (maximum shear stress, Cockeroft-
Latham-Oh, Johnson-Cook, Bai-Weirzbicki, modified Mohr-Coulomb,
Lou-Huh and Hosford-Coulomb) are examined, and stress strain (27)7 )
is expressed with the functions of stress triaxiality and Lode angle

parameter.

2.2.1 Maximum shear stress (MSS) fracture model

The maximum shear stress yield criterion are known to simulate
the plastic deformation of metals accurately and have been used for
a long time in various industries such as construction and civil
engineering. According to the maximum shear stress yield criterion,
yield is considered to occur when the maximum shear stress (7,,,)
reaches a threshold value (7,, yield shear strength) as shown in Eq.
(14). Bai and Wierzbicki (2010) defined the stress strain with
stress triaxiality and Lode angle parameters as functions as shown
in Eq. (15) by deriving the maximum shear stress yield criterion
based on strain. The material constants of the MSS model are
composed of A4, n, 7,. Here, A and n are the material constants
of the constitutive equation (Eq. (36)) representing the flow stress.
Therefore, the material constant of the MSS model is only 7,.

Tax =Ty (14)

e, 0)= {ﬁ 4 COS(ﬁ)}i . 15)

2.2.2 Cockcroft-Latham-Oh (C-L-O) fracture model

Cockeroft and Latham (1968) proposed the Cockcroft-Latham
(C-L) model that defines the accumulation of the maximum
principal stress (o) based on the increment of equivalent stress
strain as fracture criterion (Eq. (16)). The C-L model is mainly
used to predict the fracture occurrence generated during the
forming process of sheet ductile materials. Oh et al. (1979) defined
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Cockcroft-Latham-Oh  (C-L-O) model that the C-L model was
non-dimensionized into the von Mises equivalent stress (Eq. (17)).
In Egs. (16)(17), C, as strain energy and non-dimensional strain

energy, is the material constant of C-L and C-L-O models. In case

g —
of proportional loading condition, non-dimensional energy <,1> e
a

p

which corresponds to a certain equivalent plastic strain & , 1s equal

o) -

to the non-dimensional energy <%ap_f which corresponds to
g

equivalent plastic strain (e ».7) When fracture occurs. Therefore, Eq.
(17) can be expressed as Eq. (18). However, ( is not the
accumulated value in Eq. (18). In addition, Eq. (8) can be
substituted into Eq. (18) to derive Eq. (19), which is the final form
of the C-L-O model. In Egs. (16)-(19), Symbol < > means to take
0 if the value is negative.

s - 0, o, <0
S onds =6 o= {Ul, i (16)
S e g ()
%Ew =G (18)
. G q
e e R Ty (1

2.2.3 Johnson-Cook (J-C) fracture model

Johnson and Cook (1985) proposed the Johnson-Cook (J-C)
fracture model composed of three material constants (¢, ¢, ¢)
and stress ftriaxiality (Eq. (20)). Even though the J-C fracture
model does not include Lode angle effect, it has been used by
many researchers due to convenient calibration of material
constants. In the shipbuilding industry, Tornqvist (2003) derived
the material constants of the JC fracture model through tensile tests
on marine steel, and Choung et al. (2011) presented the J-C model
for high stress triaxiality through the experiment on notched
tension specimen of EH36 (steel grade). Min and Cho (2012)
applied the J-C model to numerical analysis of drop object fracture

experiment and derived material constants.

e, /()= ¢, +cexp(—eyn) (20

2.2.4 Bai-Wierzbicki (B-W) fracture model

Bai and Wierbicki (2008) defined the fracture strain with
quadratic functions of stress triaxiality and Lode angle parameter in
proportional load as shown in Eq. (21). The fracture model is
expressed with the material constants resulted from tensile (2,
D,), shear (D,, D,) and compression (D, D)), respectively. The

experiment in compression area was not included in the precedent

research. Therefore, Eq. (21) can be expressed as Eq. (22),
assuming that the tensile and compression terms are symmetry each
other. Park et al. (2018) proposed the material constants of the
B-W model through fracture experiments on steel grade, and
verified the fracture prediction accuracy of the B-W model through
fracture experiments and small structural tests using non-stiffening

plate.
- 7 1 — Dy, — Dy —
s 00 = | (D4 D)= nye ) @
7 1 — Dy = Dg\p = Dj
92+§(Dle "]—D5e '])0 +Dye !
E%f (7]15) _ [Dlef D _Dsef 17477}52 +D:3€7 Dy (22)

2.2.5 Lou-Huh (L-H) fracture model

Lou et al. (2012) proposed the empirical model based on each
process of nucleation, growth and coalescence of micro void as
physical meanings from a micro-prospective on mild fracture. The
fracture model is composed of terms to represent nucleation,
growth and coalescence of void. In the equation for this model, the
void nucleation is expressed on the basis of equivalent plastic
strain. The L-H model represented the hydrostatic stress triaxiality
normalized as von Mises equivalent stress, and considered Bao and
Wierzbicki's research result (2005) that fracture did not occur
below 7=-1/3. The coalescence of micro-void was simulated by
using the maximum shear stress and normalized to von Mises
equivalent stress. The L-H model is expressed as shown in Eq.
G. G). The

L-H model is mainly used for the molding process of high tensile

(22) and composed of three model constants (C,

steel of thin plate and the evaluation of vehicle crashworthiness in
the automobile industry.

)= ¢ - “ 3
gp‘f " (QTmax )U]( <1+37]> )Ct (f _f )Fl <1+377> )UZ
- = - a8 1 3

o 2 2

2.2.6 Modified Mohr-Coulomb (MMC) fracture model

In the Mohr-Coulomb yield criterion, fracture is considered to
occur when the shear stress (7) and the vertical stress (o,) acting
on the fracture surface reach a threshold value (¢,) (Eq. (24)). Bai
and Weirzbicki (2010) proposed the Modified Mohr-Coulomb
(MMC) model that expressed the existing Mohr-Coulomb fracture
condition on the basis of strain. A and n are materials constants
of the constitutive equation (Eq. (35)). This study did not treat the
experiments on the Lode angle in negative domain. Therefore, ¢/
=d,=1.0 was fixed. Finally, the MMC model is composed of three
material constants, ie., (¢, ¢, ¢) (Eq (25)). The fracture
prediction accuracy about aluminum alloy and high tension steel of

the MMC model has been already verified by many researchers (Li
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et al., 2010; Dunand and Mohr, 2011; Algarni et al., 2017; Xinke
et al., 2019). Eq. (27) defines the cut-off region that the fracture of
the MMC model does not occur. The fracture strain has an infinite

value in the cut-off region.
max(r+¢,0,) =¢, 24)

— A s
£,.(n.0)= o [Cg +
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L e
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[TCOS T +Cl 7]+§SZ’FL T
L=1.0 0=
¥ = {Cf for_9 =0 (26)
G forf<0
1+C% (57’1’) ( 1 (éﬂ'))
3 8|5 +¢ 77+§sm e =0 27
2.2.7 Hosford-Coulomb (HC) model
After Mohr and Marcadet (2015) substituted the Tresca

equivalent stress in the Mohr-Coulomb yield criterion with Hosford
stress (Eq. (28)), they proposed the Hosford-Coulomb model for
which the left hand side was changed from effective stress to
effective plastic strain (see Eq. (30)). The HC model includes
second principal stress (o,) and can consider the ratio of
equi-biaxial stress (o,/0;) that the MMC model does not consider.
The HC fracture model is composed of four material constants (a,
b, ¢, n;). Roth and Mohr (2016) proposed 0.1 as the value of n,
about general steel. Therefore, there are only a, b, ¢ remaining as
the material constants of the fracture model. The HC model has
been used by many researchers in recent years because the number
of model constants is smaller than that of other fracture models
and the material constants can be determined with a minimum of
experiments (Roth and Mohr, 2016; Erice et al., 2017; Park et al.,
2019; Cerik et al., 2019b).

EHC"FC(O'] +03): b (28)

7 (1/a)
UHc:{%((01_02)u+(‘71_”:x)(ur(”z_oii)a } (29)

)= buww[{é([(.fl—fz)w (- rr+ <,f2—f3>“]>}“/“j"*(30)

+c(2n+ i+ fa)

2.3 Damage evolution model

The damage evolution model expressed as the accumulation of
equivalent plastic strain was used in order to consider loading path
and stress path effects (Eq. (31)). Fig. 3 shows the basic
development shapes of damage indicator (m) based on the damage

indicator (D). When m = 1, the model can be expressed as Eq.

1.00

0.754

0.50

Damage indicator

0.25

0.00

025 050 075
Normalized strain (Ep/Ep )

Fig. 3 Damage evolution according to material constant (Park et
al.., 2018)

(32) and is considered as linear damage development model. If m
is bigger than 1, the damage indicator based on the increase of
plastic strain is expressed in exponential form. If m is smaller than
1, the damage indicator is expressed in square root form. As
materials and structures experience external forces, fracture is
considered to occur when the damage indicator reaches 1.0. In this

study, linear damage accumulation model (m = 1.0) is used.

- m—1
€y € de

D:/ I{m[_ P — ) — 7’_ (31)
0 ep_f(n,e) sp‘f(nﬁ)

D= / Y __ge 32
0 sp‘f(n,(}) “r 32

3. Experiment and numerical analysis

3.1 Tensile experiment

The fracture experiment about EH36 steel conducted in the
precedent research (Park et al., 2019) was used as the experimental
model for the calibration about material constants of the fracture
model. Therefore, a brief description of fracture experiment and
numerical analysis performed in the precedent experiment is
required. Fig. 4 shows the drawings and names of specimens of
the precedent research. The base plate thickness of EH36 steel
used for manufacturing specimens is 25 mm, and the specimens
were manufactured at 2 mm from the middle layer of the base
plate thickness direction. The chemical compositions are listed in
Table 1. The flat bar specimens (FB) were manufactured in
compliance with ASTM (2004) specifications. The notched tension
specimens (NT) were manufactured with the radius (R) of 20 mm.
The central hole specimens (CH) have a hole with the radius of 3

mm in their center and were designed to induce pure tensile status
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60.87

20 40

FB NT

Fig. 4 Design of fracture specimens (Park et al., 2019)

Table 1 Chemical composition of EH36 [wt. %]

50
50

40 40

CH SH

C Si Mn P S

Cr Cu Nb Ti \Y%

0.0732 0.298 1.543 0.0083 0.0012

0.01 0.009 0.021 0.012 0.002

at the fracture point. The shear specimens (SH) were designed to
trigger shear fracture. The fracture experiment was performed at
0.5 mm/min through the
displacements and loads of 50 mm extensometer and load cell

stroke displacement control and

were measured.

3.2 Correction of flow stress material constant

The yield function (f) of isotropic materials is composed of von
Mises weighing stress (o) and flow stress (k), which are
developed from materials (Eq. (33)). The plastic potential theory
uses the associated flow rule based on the flow rule. In other
words, the plastic strain increment vector is parallel to the outward
pointing unit normal vector perpendicular to a yield plane at the

stress point.

flowkl=0—k=0 (33)
R ife, <&,

k=fle,) kgt (=), ife, >z, 34
kg=Aley+e,)" (3%
ley = ky + QL —exp(— e ) (36)

Plastic hardening equation of materials is expressed as the
Swift-Voce constitutive equation (Eq. (34)) that is a linear
combination of Swift constitutive equation (Eq. (35)) and Vove
constitutive equation (Eq. (36)). In addition, the flow stress was
considered by considering the yield plateau that the initial yield
stress is maintained and dividing the yield plateau into first half and
latter half at e i that the yield plateau ends. The material constants
of the Swift constitutive equation and the Voce constitutive equation

were derived through curve fitting of uniform stress - uniform strain
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Fig. 5 Flow stress curves (Park et al., 2019)

Table 2 Material constants for Swift-Voce parameter constitutive model (Park et al., 2019)

A (MPa) & n k, [MPa]

Q@ [MPa] 3 o € plat

o, [MPa]

8332 0.0001 0.1632 381.2

250.9

14.58 0.88 0.0166 428.028




Comparative Study on Various Ductile Fracture Models for Marine Structural Steel EH36 265

of smooth specimen, respectively. The weighting factor («) was
determined to enable the load-displacement curve obtained through
numerical analysis about NT specimens to have experimental value
and minim error. The determined material constants and flow stress
curve are presented in Table 2 and Fig. 5 (Park et al., 2019).

3.3 Numerical analysis about tensile experiment

Fig. 6 shows finite element models of three specimens. The
shear specimen performs symmetric modeling in the thickness
direction. The notched specimen and the center hole specimen were
subject to 1/8 modeling with the symmetry condition in the
directions of thickness, length and width. In the numerical analysis,

o

Fig. 6 Finite element modelling
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~ 12+
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=
)
e
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L 6
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Displacement (mm)
(a) CH
15

the tensile load was implemented by applying forced displacement
to the upper node of each specimen. A commercial finite element
analysis program, Abaqus/Explicit (Simulia, 2018) was used for
numerical analysis, and 3-dimensional 8-node reduced integration
element (C3D8R) was used. 10 notched elements of specimen were
placed in the direction of thickness through convergence test.

It is impossible to measure the fracture starting point when any
fracture occurs in a specimen even though the fracture experiment is
observed by using optical equipment. Even if fracture occurs on the
surface, it is difficult to find an exact fracture starting point since
the propagation progresses rapidly after nucleation, growth and
coalescence of void, which is considered as the generation of fracture.
In this study, the fracture initiation displacement was regarded as the
point where the load was reduced sharply in the experiment. In
addition, the fracture occurrence point was determined to be the factor
with the maximum equivalent plastic strain at fracture displacement.
Fig. 7 shows the load-extensometer displacement of experiment and
numerical analysis to the fracture point. It can be seen that the
numerical analysis accurately simulates the experimental results.

Fig. 8 shows the loading path based on the increment of
equivalent plastic strain. It can be seen that the loading path of the
CH specimen keeps the uniaxial tension state (7=0.33, 6=1.0) to
the fracture point. The stress triaxiality of the SH specimen
approximates to pure shear state (7=0.0, §=0.0), but the variability
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Fig. 7 Comparison of force and displacement curve between test and simulation
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Fig. 8 Loading history for each specimen with increasing equivalent plastic strain

of the Lode angle parameter are significant. It can be seen that the
stress triaxiality and the Lode angle parameter are linearly changed
in the notched specimen.

4. Material constants of fracture models

To determine material constants of fracture models, the
optimization technique was applied. In other words, the material
constants of each fracture model were set as design parameters,
and the range of the design parameter was used as constraints. In
addition, the minimization of the residual sum of squares (R?) was

set as objective function. For optimization, the FMINUNC function

Table 3 Calibrated material constants

of MATLAB was used. As shown in Fig. 8, the residual sum of
squares indicates the sum of squares of ratio between the loading
path data obtained from numerical analysis and the prediction data
e o (n, ) corresponding to the data and is expressed as Eq. (37).
Since numerical analysis data for once are composed of about 300
points until fracture occurs, the errors generated on the whole path
were minimized. In addition, since one fracture model accompanies
three experiments (CH, SH, NT), the errors that could occur in the
three experiments were minimized (Eq. (38)). Therefore ¢ is the
number of experiments used to calibrate the material constants.
Table 3 presents constraints of design parameters, final material

constants and residual sum of squares R2. The closer the residual

Model Constraint Material constant R? [%]
MMS 1000 < 7. < 700.0 .= 47235 63.66
C-L-O 0.0001 = G = 5.0 G= 14376 7127
001 = ¢ = 3.0
J-C 0.002 = ¢ = 3.0 = 1.3325, ¢,= 0.002, ¢,= 0.0046 21.26
0.001 = ¢ = 30
001 = D, = 3.0
0.0001 = D, = 1.0
B-W D= 14911, D,= 0.0003, D,= 1.230, D,= 0.0001 7.56
0.01 = D, = 3.0
0.0001 = D, = 1.0
0.0001 = ¢ = 1.0
MMC 100.0 < ¢, < 700.0 = 0.0001, ¢,= 431.76, ¢;= 0.8916 7.58
0.0001 = ¢ = 1.0
10 = ¢ <30
L-H 0.0001 = ¢ = 0.2 C= 13310, G= 0.0001, C;= 1.4927 7.59
01 < ¢ =30
10 = a =30
HC 0.1 =b =20 a= 1.693, b= 1.478, = 0.0002 7.03

0.0001 = ¢ = 0.2
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sum of squares using Eq. (37), the less error. It can be seen that
the error rate of the C-L-O model is the largest, and B-W, MMC,
L-H and HC models relatively recently proposed are estimated to
show the best fracture prediction because they represents nearly the
same residual sum of squares.

e
0 sp.f(n,ﬂ)

/?,d;p
3

Epf

- 1} 37)

- 1} } (39)

o argmin{fj{

i=1

Fig. 9 shows fracture models in terms of the three dimensional
fracture strain plane and the plane stress condition with the stress
triaxiality and the load angle as functions. It can be seen that all
of the seven fracture models are not significantly affected by the
stress triaxiality in three dimensions. This can be confirmed from
the J-C model, which has a sole function of the stress triaxiality,
and it can be confirmed that the J-C model is close to the fracture
strain of about 1.3. In the C-L-O model, the fracture strain
increases sharply as it is close to the cut-off region. In addition, it
can be seen that five fracture models (MSS, B-W, MMC, HC and

L-H) are sensitive to the variability of the Lode angle parameter
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B-W, MMC, L-H, HC

J-C, B-W, MMC, L-H, HC
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Fig. 10 Damage evolution of each specimens

and that the sensitivity of the Lode angle parameter in MSS is
greatest. The four fracture models (B-W, L-H, MMC, and HC)
relatively recently proposed do not show significant differences in
fracture strain levels as a whole. This can be confirmed more
accurately under plane stress conditions. In addition, the fracture
models except for the MSS model have similar strain values in the
region of 1/3<n=<2/3. Therefore, each fracture model is
expected to have similar fracture prediction accuracy in tensile
region (1/3 <1 =<2/3). In the case of the MSS model, it can be
seen that the fracture strains in uniaxial tension and equi-biaxial
tension are more than twice as high as the other models.

Fig. 10 shows the damage by fracture model based on the
development of the equivalent plastic strain at fracture points of
cach specimen along with the equivalent plastic strains at the
fracture points. The damage development processes for three
specimens in B-W, MMC, L-H and HC models are similar. It can
be seen that the C-L model has high accuracy about fracture
prediction in the fracture experiments (CH and NT) on the tensile
region, but damage indicator is under-estimated at the fracture
point. The MSS model has significantly low fracture prediction
accuracy about the CH specimen, which maintains the loading path

in the uniaxial tension state.

5. Conclusion

In this paper, we presented the fracture behavior characteristics
about steel grade EH 36 through the examination of wvarious
existing fracture models. Various phenomenological fracture models
were represented as stress triaxiality and Lode angle parameter,
which were known as dominant variables in fracture behavior of
ductile materials. In addition, the flow stress of EH36 steel was

extracted by deriving the material constants of the Swift-Voce
constitutive equation through the numerical analysis about the
experiments performed in the precedent research (Park et al.,
2019). It could be seen that the flow stress, which had presented
through numerical analysis about each experiment, exactly
analogized the behavior of the steel to the large strain section. We
drew the loading path at the fracture point and corrected the
material constants of each fracture model. It could be seen that the
fracture model was illustrated in stress triaxiality, Lode angle and
fracture strain spaces and that EH36 steel was not sensitive to the
effect of the stress triaxiality. In addition, It was confirmed that
the B-W, L-H, NNC, HC models, which has been relatively
recently proposed fracture models, had similar fracture strain levels.
The fracture models examined in this study is based on solid
element. For the fracture simulation of structures with thin plate
compared to their size (for example, ship structures and marine
structures), the use of shell element is essential due to time
constraints for modeling and analysis. Recently, multiple researchers
has proposed various methods to derive results approximate to solid
element in shell element based fracture simulation (Walters et al.,
2014; Korgesaar et al., 2014; Park and Mohr, 2017). To apply the
fracture models to the actual marine structures, more studies on
shell element based fracture simulation technique are required.
Steel grade used in industry is classified according to operating
guarantee temperature, minimum yield strength, impact toughness
and others. The minimum yield strength and tensile strength of
high tensile strength steel with Grade AH36, DH36 and EH36
specified in DNVGL regulation (DNVGL, 2018) are 355 MPa and
490 MPa, respectively, and the upper limits of yield strength and
fracture elongation ratio are not clearly specified. Therefore, steels

with the same grade may show the differences in mechanical

Table 4 The statistical properties of yield and ultimate tensile strengths of shipbuilding steels (Cho et al., 2015).

Steel grade No. of specimens Yield stress, oy Ultimate tensile stress, ¢ T
Mean [MPa] Mean [MPa]
AH36 2101 433 547
DH36 322 427 542
EH36 41 432 523
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properties. The material hardening behavior directly affects the
loading path, and reducing the uncertainty of the material
hardening behavior is an important issue for increasing accuracy in
predicting the fracture behavior. Cho et al. (2015) statistically
presented the yield strength and the tensile strength of various steel
grades (Table 4). The yield strength and tensile strength of the
EH36 steels examined in this study are 428.028 MPa and 523.2
MPa, respectively, which are not significantly different from the
average value of EH36 steel given in Table 4. Therefore, it is
considered that the fracture model of EH36 steel can represent the
fracture model of the same grade steel. However, it can be seen
that AH36 and DH36 steels have higher tensile strength than EH36
steel. The construction of database through the fracture experiments
on various steels is essential in order to make general conclusions

about fracture behavior of steel.
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Nonlinear Buckling Finite Element Analysis to Estimate Collapse
Pressure of Thick Cylinder under Hydrostatic Pressure
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ABSTRACT: In order to perform a pressure chamber experiment with a circular cylindrical pressure vessel, the dimensions of the cylinder need to
be determined in the range of the maximum externally applied pressure of the chamber to create the collapse process. In this study, the collapse load
values from published chamber test results, finite element analysis and the theory of thick cylinders were thoroughly compared in a aluminum cylinder.
In order to investigate the effect of collapse load according to the ovality during manufacturing, nonlinear buckling analysis was performed and the
collapse load according to ovality was compared. Based on the results, the dimensions of the steel cylinder were determined for the future chamber
collapse test.
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Table 1 Dimension of cylinder (Choi et al., 2016)
Outer diameter 295.7 mm
Inner diameter 255.7 mm
Length 590 mm
Thickness 20 mm
- 600
- 500
! 400 0407 P
@ 410
z 300 o 350 580
& 200 50
200
100
o 10 20 30 40 50 60 70 80 90 100
Time (min)
Fig. 3 Chamber test Condition (Choi et al., 2016)
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Fig. 4 Comparison of test and FEA (Choi et al., 2016)
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Fig. 5§ Collapse of thick aluminum cylinder (Ch01 et al., 2016)
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Table 2 Conditions of nonlinear buckling analysis

Material model Bilinear isotropic hardening

Yield stress 370 MPa
Young’s modulus 71 GPa
tangential stiffness 0.5 GPa

Robe number

v A o B v

2 0 Engineering Data v/ M2 g Engineering Data Vapr—2 Q Engineering Data v/ 4
3 Bl Geometry v ,——&3 5 Geometry v 4 43 @ Model vV 4
4| @ Model vV ,——M4 @ Model v . 4 @ setup v .
5 Q Setup v 4 _—a5 a Setup v 4 5 Solution vV o4
6 Solution VA 6 Solution r 4 6 |@ Results vV o4
7 @ Results v 4 7 @ Results vV 4 Static Structural

Static Structural Eigenvalue Buckling

Fig. 6 Procedure of nonlinear buckling analysis
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Fig. 10 Eigenvalue buckling analysis (Perfect section)

D: Static Structural D: Static Structural D: Static Structural

Total Deformation
Type: Total Deformation
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Type: Equivalent (von-Mises) Stress
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Fig. 11 Results of nonlinear buckling analysis (Perfect section)
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Fig. 12 Displacement-Collapse pressure curve (Perfect section)
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Fig. 13 Variables of imperfection section

Di(x) Dy(y) Di(x) Dy(y)
CASE 1 1 mm 295.7 mm 2947 mm 2557 mm 2547 mm
CASE 2 2.95 mm (1 % of Dy) 295.7 mm 292.7 mm 255.7 mm 25277 mm

D: Static Structural
Equivalent Elastic Strain

D: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
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(c) Strain

Fig. 14 Results of nonlinear buckling analysis (Imperfect section-Casel)
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Fig. 15 Results of nonlinear buckling analysis (Imperfect section-Case2)
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Table 6 Steel cylinder dimension

Outer dia. 267.4 mm Inner dia. 237.2 mm

Thickness 15.1 mm Length 600 mm

E 210 GPa Et 1.45 GPa

o, 370 MPa o, 410 MPa
Do/t 17

Table 7 Estimation of buckling and collapse loads by theory

ok 1.18%2] 232 ®elth WA HEZEF(A (3))< 55.77MPa Load [MPa] Equation no.
2 e HA1815(53.88MPa) .tk ©F 3.51% A =313 Yo Buckling pressure 31.7 3)
o2 E3lo] HZFo] BAAAE Yo} WA= Ao g §33 Elastic limit pressure 50.5 (11)
I Utk AAEIEE(A (13)2 62.10MPaZ A9 &-33k% Plastic collapse pressure 56.8 (13)
Ovality 41.7 (14)
Table 5 Collapse pressure
Load [MPa]  Equation no. 60
Experimental 50.50 MPa
50|
Buckling pressure 55.77 MPa (©)
Elastic limit pressure 53.88 MPa (11) é‘“’
Plastic collapse pressure 62.10 MPa (13) E”
Ovality (1 mm) 50.05 MPa (15) %
= 20
. . . o
Nonlinear buckllng analysis 5325 MPa
(Perfect section) 10
Nonlinear bugkllng analysis 5312 MPa
(Imperfection case 1) 0
0 ] 10 15 20 25 30 35 40 45 50
Nonlinear buckling analysis 5296 MPa Displacement (mm)

(Imperfection case 2)

Fig. 17 Collapse pressure (load) of thick steel cylinder
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Characteristics of Water Surface Variation around
Double-Breaking Type Artificial Reef
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KEY WORDS: Submerged breakwater 737, Double breaking type artificial reef €53 <1323, Unstructured grid system BlF22A4},
Level set method @AW, Hydraulic experiments 243

ABSTRACT: A submerged breakwater is one of the coastal structures used to reduce wave energy and coastal erosion. However, a submerged breakwater
has a negative aspect in that a strong rip current occurring around an open inlet due to a difference in mean water levels at the front and rear
sides of the structure leads to scouring. Such scouring has a bad effect on its stability. In order to eliminate this kind of demerit, this study investigated
an artificial reef of the overflow type with openings. We also developed a program where the flows around the artificial reef of the overflow type could
be analyzed numerically. An unstructured grid system was used to cover the various geometries, and the level set method was applied to treat the
movement of the free surface. To verify these numerical schemes, hydraulic physical tests were performed on the submerged breakwater and double
breaking type artificial reef. Then, the wave height and velocity distribution around the reef were examined using the experimental results. Comparisons
between the results of hydraulic and numerical tests showed reasonable agreement.
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(a) Physical model setup
Fig. 3 Installed physical models

(@) t = 10.00 s
Fig. 4 Shape of the surf bubble vortex in artificial reef
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Study on Identification Procedure for Unidentified Underwater
Targets Using Small ROV Based on IDEF Method
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A% ROVE ©]-&3F IDEFO 7]4Ee]
T gl EA AdEAx} sk A

KEY WORDS: Remotely operated vehicle(ROV) 94 2F 2174, Operation procedure -84k, West sea A13ll, IDEF

ABSTRACT: Various sizes of ROVs are being utilized in offshore industrial, scientific, and military applications all around the world. Because of
innovative developments in science and technology, image acquisition devices such as sonar devices and cameras have been reduced in size and their
performance has been improved. Thus, we can expect better accuracy and higher resolution even in the case of exploration using a small ROV. The
purpose of this paper is to prepare a standard procedure for the identification of unidentified hazardous materials found during the National Oceanographic
Survey. In this paper, we propose an IDEF (Integrated DEFinition) method modeling technique to identify unidentified targets using a small ROV.
In accordance with the proposed procedure, an ROV survey was carried out on target No.16 with a four-ton-class fishing boat as a support vessel
on September 18th of 2018 in the sea near Daebu Island. Unidentified targets, which were not known by the multi-beam data obtained from the ship,
could be identified as concrete pipes by analyzing the HD camera and high-resolution sonar images acquired by the ROV. The whole proposed procedure
could be verified, and the survey with the small ROV required about 10 days to identify the target in one place.

1. 74 AT o] o] AHT HF At 2EH] Aol A F ook itk
E AFodA= 43 ROV(Remotely operated vehicle, F-174~
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UA A 5 8ok MEs 93 71228 AL s ek 7] $18] IDEFO(Integrated DEFinition 0) 71%s =2 & 3 (Function
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o
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(Rocha and Tome, 2015).

£ =79 2%A= IDEFO 75 EdE o= 4% ROV
E o8 I3l HAFEY AHZRAF A}l A A, 3
o Ae ARM AAE o]&3ste] 2018 949 18Y HiF &= <
Hittol| Al 487 WAIOAdE AARHOE APENo. 16)° o
gk &3 ROV A FHEAAE et 4% AEdAe
IDEFO =97 7| om AAIRE datol isiM dA =-8587}
Azt 2 5 Aeeto) tiske] 2AsIHTh

2. IDEFOQ EH

2.1 IDEFOZ+?

IDEFO= 19704t v] 379 ICAM(Integrated computer —
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Hog AlzEle] 55 4, 24, 43E& Adsk=t des
5& 2Ysslr] 9ete] 19Utk whekA] IDEFOE 243}
H HIHOE dAESIAY Algd A" 933 9=
o] WS BT AR AFE 119 AT D olEE
&3] 7] 9%k e R ARS-HTHThe National Institute o
Standards and Technology, 1993).
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Fig. 2 IDEF modeling concept to identify unidentified objects
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Fig. 3 Satellite image map (Left), multibeam image (Right)

Table 1 Obtained data of No. 16 point

Control number No. 16
) 37-18-46.74 N
Location WGS-84
126-34-18.87 E
Depth [m] 10.4
Ambient depth [m] 10 - 11

Max. velocity [m/s] 0.97
Min. velocity [m/s] 0.0
Flow direction [°] 52.5

Turbidity [g/ni] 2.771

Remarks Outside the port (1.6 km)

Current velocity and direction predictions(upper), Tide level predictions(lower)
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P AE- ROV &Y ol9oll= 1&3A] etk F FH 9
ghe 2] (1)7 ZTHRobert et al., 2014).
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Unfaired cable®] &8 Algs 122 484 ok 4= &8 A7)
Zhgete Aoy, viE ROVEF 749 Aul&=olth

Th5-9] Table 201A41= ROVE] ARFS UERTL QLo 2 (1)
o] &g Aol ag AolEA7, ROV ©HA 7] HHE
T & Atk
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Vessel

Movemenf

1000' Length

jTether
Drag
Vehicle ] Vehicle
\Negligible drag Drag

Fig. 4 Drag components of operating system

Clump
weight
(No drag)

Table 2 Specifications of ROVO-2

System and parameter ROVO-2
Max. operation depth [m] 200
Length [m] 0.76
Width [m] 0.5
Height [m] 03
Weight in air [kg] 20
Thruster number 6
Lateral thrust Yes
Propulsion force [kg] 9.97
Tether diameter [m] 0.01
Rear camera No
Lateral camera No
Power requirement [W] 2

ROVO-2 CURRENT-DRAG CURVE

35

Drag
Net thrust

30

N
o

n
o
T

The point at which drag is
greater than thrust. The
flow rate at this time is
about 1.1m/s

o
T

Net thrust[kg]

1
1
1
1
1
A 4

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Current[m/s]

Fig. 5 Result of ROV power & drag simulation

212l Fig. 59141 Power & Drag simulation 235 UERAT.
ROVO-2 R9| & Atgol] ofal] 9.97kg o 2 VERGoH, &
g2 2 (Dol YA o] wetdel wels A5Er= S
gk f oF LimsollA @Eo] FHET AR AHOR
ROVO-2 ROVE| 28 ¥ &S yehdnh ARzAbs) ool
5 B9 HAHEL 0.5msE Uitk =3 Al 10m A=
A Az 1S W, A AR 29T ROVO-2 ROV
9 FX7] FYL& ARl SET ARFE 7HE A E Akly
ATk F7I2 gdgk ROVE] AFY-E Power & Drag simulation gk
Azs B =59 B2 B9 Fig Bl Fig. B2ol| 713tk Fig.
67} o] AgEAlel] ARE-E ROVO-2 ROV 7He-Hl Wishel
ol kel )] 8k Pan/Tilt HD camera 1719} % LED # 3= 27]
7} AX] =] o™, Blueview 2D ©]u]R At (EE: M900-130)
7} A=) Stk 43 ROVE| USBL #HHIHE F537]
#$t AlA 2 Sonardyne 2] Scout coastal transponder& 42X )T},

3.3 2AA=

g dSo] 7hssin, A= <=
CEAYE FHT o]F Hio g 1WARE AYS £

Fig. 6 Photo of ROVO-2 model
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Table 3 Operating plan for pilot survey

Step Work contents Working days
1 Temporary work ()
1-1 Preparation for operation 1
1-2 Move to stte 1
2 ROV install and operation 3)
2-1 Mobilization 1
2-2 Operating ROV(in site) 1
2-3 Demobilization 1
3 Data processing ?2)
3-1 Data download 0.5
32 Post processing 1.5
4 Report ()
4-1 Report results 1.5
4-2 On completion of the check 0.5

Table 3-& o/l AHZALE F3str] A3l 2Hde Ao, A&
Ag JFWEH AZY-Exe ATk

Fig. 7€ A8 GANA ROV €4 AAolA Ag 23
ROVY &9 B2 =)ty 73k ZF/oll tiRIs|A] Clamp weightE
83 AlaElo g MASIHA, FACE YHrhe HuA ol
£-2 Clamp weight®] Zeielel] ofs T+&HTh Clamp weight
o] 9473 Fo|ZHE Wb 20molA 40m7HA] ElE A 0] 2] Ao]
Zo| 7Fssitth o] e AL A HolThE R
H7h= AolEe] fAlAZo] ROV AEH A gro} vz 74
Z7F A4 ROV &%¥0] 7Fsdt EAo] Stk 18A9,
o} A% A T8I Fasi, Adrdo] A3 9
A ok el ROV 2L Aule] Q)% o&ETy) Erh=
o] ot B Ao AT AR AR e) dg
ZHHeading) ARE 93+ F 719 DGPS <QHELte} Aubo) A
ROVY % ALAAE ZUEH3] 93 USBL EdAEH
o] AA7} aF=o] Xk o9} §A|, ROV -&a# ZFEIS}
BEUH Fo] Ax|Fojok &, F£Fof Clamp Wights EAE
AP IS F A= Ad2de] a3t 2 AFolAs gut

ROV Tether Winch
USBL System
Transceiver |

Mount Vrole /

i

Transceiver
(USBL system)

Mini Crane
& Winch
d

Transponder

(USBL System) Wire Length

(Consideration for
Water Depth)

Vehicle i o e
Transponder |=
-m (USBL system) a
Drag Tether Length
ROV
20~40m

“Clamp Weight Sea-floor

Fig. 7 ROVO-2 ROV operating concept

Hog Fel7] 4% 4= WA S &% ROV AR
2 A3

3.4 ROV 2Y

Aol 28 ROVE G317+ &0l 84S /88
o} 2018 9€ 18Y& o] 2o ¥ EWE TP fre] =
dol, Az A7t 9 AMEALE 33T Table 3004
At LYAGE o] 83 AAl LYolE Table 49F 2] F 9
Yol A8 FHATE ROV AA] 2 G 3do] Alg =)o} JAUA
ok AAlE 2] 48 FHo AA SPLFEE 3T ok
o T2 Felu| R ek AvElolEl Y] &4 1€0] FUT A28
Hol AAH oz FUI 9Yo] £9F = Aoz e

YREAQD B ARE ROV 9 ZFE+= ROV video log,
ROV dive log, A18}8}3)] Log, Mission sensor log7} ¥ Hlo]E]
9} A A=A, &8 ROVY &9 544 EE Loge IH
dlo]Ele} FAtlolE|, rlAAlA(elHA Au, HEIR ) HlolH
o] AES AAste ASR AEste o] &4 FY ddniH
Aule] gt 94 FHHY o= AdH Ag 2o
2E o9 F 77 5otk shve duleolH = &Y

oo

Table 4 Comparison of operating plan vs. actual days for pilot survey

Step Work contents (E)?:eocrttglg/ iacytflal)
1 Temporary work 2/2

1-1 Preparation for operation 15™ Sep. 2018
12 Move to site 16™ Sep. 2018
2 ROV install and operation 3/2

2-1 Mobilization 17" Sep. 2018
22 Operating ROV(in site) 18" Sep. 2018
2-3 Demobilization 18" Sep. 2018
3 Data processing 2/3

3-1 Data download 19" Sep. 2018
32 Post processing 3(1): Szg ;8};
4 Report 2/2

4-1 Report results 24™ Sep. 2018
4-2 On completion of the check 25" Sep. 2018

ROV
Power
Monitor

S | Navigation
~—{ Program
Monitor

USBL
Monitor

ROV
Control
PC

ROV |l
Controller [“4

Fig. 8 Pilot consol(left), navigator console(right)




294 Hyuk Baek et al.

zZz o)A A= wH°JElE Playback 7153l ok 3l th&
b= ROV 280 AMEEE 28 POt AlME &8 A At
5713 A4S Fste Zolth ol Fig 82 Aol Ex€
4% ROV AoJA|zElolt}. #Z2 ZFAHROV operator)®] ¢
A2 AY ZYE, ROV ZF PC9} 1 o2 ROV Z0|~Eo|
A3, $=& 3l AlNavigator)2] 91X = USBL ZUE 9} &Y
Z2 71 Quiney ZE2I -8 HFE7} AT

3.5 AMETIM Ay

=olAl AQHsE IDEF0O BRE o] nRx|e}t sTAq A A&
ROV AHZARE B3l A53 HD 7t 97, o7 &ut
2, @ 2239 dolEE o] 83 HFE g AEAAE
AEsh= Aotk Fig. 99 #= 182 fdE s ROVE
ZAE wo) Pz R O AHoltt, 5 JhA 5 A
o] Mutat SIEE i 7S AR ROVE| USBL 94A]H
ole] 7 A5 E A HEE Yepith

Adlle SdA Z8 Welee Fiee] B2 djges U
9] HErKReflection), =3 (Refraction), 3|&(Diffraction), 4F+
(Scattering)l] ©J3] ALg FF EFo] o7 Holth o] X
oAM= Az ARbol| ZARSHE Zlo] & S 5=l &
25lH, AUE o] 8dh= Aol Az AlAe] tijke] 2 & gtk
AAZALNA A g 295 Y5 sHo] 2 s

%
K

4 8ke] ol2le] Fig. 107} Fig. 1191 YebdTh Fig 10 &
Eo| o 7AEE 2ABHA ARRIOZ ROV A7t 1483
T AP E] 5ZA A Hho BYE Idde A
sog o 4 gt} 7PgAE e ARG Fol U e A =

k<]

(BN ROV2 System Status

woertesc W ; —
OverTemp

© Voltage 23 & -
ROVSystem Faut @ DePth 145 Project Name

Wumidty 420 % Ampare 165
.

Fig. 10 Captured image of outside border displayed in pilot consol

R :28.6/P :-6.8

Electic ROV Status
Temperature 440 Voltage 237
Wamigty 350 % Ampare 167

Rol 286 Piten 65

Over T [
ROVSystemFaut Ml Depth 145 Project Name|

Fig. 11 Captured image of inside border displayed in pilot consol

BFeE A2 1825 WIHRRE HEA 1A HEhHo=m
FE Folth W= AlgEYe] Fo] U e As gl
Fig. 39] = Fig. 9ol A
M2 (Scouring)@/go] HAAE AL FATL 4 Ut} Al
Foll JAFFZE HX Al A& FAlol o) Yy == A4
E TR Fo] HWol f4d" ZoE Hol FATE
2 FAY F vk HER Ave R Adutlx
ZAl wleko g enlE FAlSlY 1EE A= vl o
AES o] 79 H(Poin) o2 EHI= S0 UAT,
o E7Fs3ith £ A 2R A

i)

—r

=

fo

=)

1>

i3

Ho

Jreis

L
i AN X

I

1} O.'>:,
A 2 ofl fo ro rE

Fig. 12 Screen shot of Imaging sonar

Fig. 13 Screen shot of target A(left), target B(right)
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Fig. 14 Concrete pipe
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Table B1 Specifications of ROVs evaluated

System and Parameter ROVO-2 Large ROV A Small ROV A Small ROV B Large ROV B Small ROV C Medium ROV A

Max. Operation Depth [m] 200 150 100 150 350 150 300
Length [m] 0.76 0.60 0.25 0.35 0.99 0.53 0.47
Width [m] 0.50 0.38 0.17 0.22 0.45 0.24 0.35
Height [m] 0.33 0.25 0.15 0.20 0.45 0.25 0.35

Weight in Air [kg] 19.95 17.69 1.81 3.62 31.75 10.88 18.14
Thrust 6 4 3 3 4 4 4

Lateral Thrust Yes Yes No No Yes Yes No

Propulsion Force [kg] 9.97 11.33 0.90 2.26 10.43 4.08 5.44

Tether Diameter [m] 0.011 0.013 0.003 0.011 0.016 0.007 0.008
Rear Camera No No No Yes No No No
Lateral Camera No No No No Yes No No
Power Requirement [W] 2 3 1 1 3 1 3
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Fig. B1 Linear tether drag at varying speed with constant diameter
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Development of ROV Trencher URI-T and its Sea Trial
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KEY WORDS: ROV(Remotely operated vehicle) trencher 9471734 EFYe] EA, Sea floor cable burying 3iAAClE w4,
PLIB(Post lay inspection and burial), Hydraulic system 3 Al2:l, Water jet system $JE}Z A]2=#]

ABSTRACT: An ROV trencher is a type of heavy-duty work class ROV equipped with high-pressure water jet tools for cutting into the sea floor
and burying cables. This kind of trencher is mostly used for PLIB operations. This paper introduces the development of this kind of ROV trencher,
which has a 698 kW power system, with a 250 kW hydraulic system and two 224 kW water jet systems. The project was launched in January 2014.
After four years of design, manufacturing, and system integration, we carried out two sea trials near the Yeongilman port (about 20-30 m in depth)
in Pohang to evaluate the system performance in November 2017 and August 2018. Through tests, we found that most of specifications were satisfied,
including a maximum bury depth of 3 m, maximum bury speed of 2 knyh, and maximum forward speed of 1.54 mys.
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Fig. 1 URI-T, Underwater heave-duty ROV trencher

Table 1 URI-T’s target and verified specifications

Item Target Verification

Working depth Max. 2,500 m -

Burying depth Max. 3 m 3m

Burying speed Max. 2 kmvhr 2.36 km/hr

Forward Speed Max. 1.54 m/s 1.7 m/s

Payload <500 kg =540 kg
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Item Specification
Size 6.6 (L) x45 (W) x 35 (H m
Weight About 21 t
) HPU 250 kW, RiSEA
Hydraulic system
Thruster 10535 N, 835 RPM, RiSEA
Water jet system Water-Pump 224 kw, 986 m’/hr

IMU (inertial measurement unit)
DVL (doppler velocity log)
o Depth
Navigation )
Multibeam sonar
Cable detection system

USBL (ultra-short baseline)

HG1700AG37, Honeywell
WHNG600K3, Teledyne
Series8000, Paroscientific
M900-250, Blueview
TSS3508440", Teledyne
WMT, Sonardyne
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Table 3 URI-T’s time table for sea trial

Test Schedule Verified item

2017.11.27-2017.12.09
(13 days)
Test for burying depth 2018.02.27 (1 day)

The first sea trial Burying speed

Burying depth
Burying depth,

Burying speed,
Forward speed

2018.08.04-2018.08.11

The second sea trial @ days)

Test for payload 2018.11.22 (1 day) Payload
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Umbilical

Cable installation : é’@%ﬂ

Fig. 9 URI-T’s cable burying scenario concept map
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Fig. 10 Equipment arrangement plan for sea trial on the deck
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Burying Speed = +/0.61% + 0.242 ~ 0.656m /s = 2.36km/hr

Fig. 11 Sea trial result: burying speed
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Fig. 12 The result of cable burying
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Burying Depth = arm lenth x sin(arm deploy angle) — arm height from skid
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Fig. 13 Sea trial result: burying depth
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DVL information
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Fig. 15 Sea trial result: forward speed
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Fig. 17 Experimental field

Burying Speed = /0.52 + 0.42 ¥ 0.64m /s ¥ 2.3km/hr

Fig. 19 Sea trial result: burying speed
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Fig. 22 URI-T’s underwater weight in a state of repose (540 kg)
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authors can be referred in the text; three or more authors should be
shortened to the last name of the first author, like smith et al.

Examples:

Reference to a journal publication:

Cho, L.H. and Kim, M.H., 1998. Interactions of a Horizontal Flexible
Membrane with Oblique Waves. Journal of Fluid Mechanics, 356(4),
139-161.

Van der Geer, J., Hanraads, J.A.J., and Lupton, R.A., 2010. The Art of
Writing a Scientific Article. Journal of Science Communcation. 163,
51-59.

Reference to a book:

Strunk, W. and White, E.B., 2000. The Elements of Style,
4"Edition, Longman,New York.

Schlichting, H., 1968. Boundary Layer Theory. 6th Edition, McGraw-Hill,
New York.

Reference to a proceeding:

Aoki, S., Liu, H. and Sawaragi, T., 1994. Wave Transformation and Wave
Forces on Submerged Vertical Membrane. Proceedings of International
Symposium Waves - Physical and Numerical Modeling, Vancouver
Canada, 1287-1296.

Reference to a website:

International Association of Classification Societies (IACS), 2010a.
Common Structural Rules for Bulk Carriers. [Online] (Updated July 2010)
Available at: http://www.iacs-data.org.uk/ [Accessed August 2010].

Journal abbreviations

Journal names should not be abbreviated.

Revised manuscripts

Manuscripts reviewed that require revision should be revised and uploaded
with a response to the reviewer's comment at JOET editorial manger
within two months. Otherwise, the manuscript will be considered as a

new manuscript when and if it is resubmitted.

Proofs and reprints

Galley proofs will be provided as a PDF file to the author with reprint
order and copyright transfer form. The author should return the corrected
galley proofs within a week with the signed reprint order and copyright
transfer form. Attention of the authors is directed to the instructions which
accompany the proof, especially the requirement that all corrections,
revisions, and additions be entered on the proofs and not on the
manuscripts. Proofs should be carefully checked and returned to the JOET
editorial office by e-mail if the changes are minimal. If the changes are
extensive, proofs should be returned by fax only. Substantial changes
in an article at this stage may be made at the author's expense. The reprint
request form must be returned with the proof. Reprints should be made
at the author's expense.

Peer review

Every manuscript received is circulated to three peer reviewers. The
author's name and affiliation is disclosed during review process to
reviewers. The review process can be repeated till three times if the request
of revision is suggested by reviewers. If the re-review is repeated more
than three times, it may not be considered for publication. If two reviewers
do not agree to accept the journal, it may not be also considered for
publication. Usually the first review process ends within one month.
Statistical Review: If there are any complicated statistical analyses in the
manuscript, it may be reviewed by statistical editor.

Manuscript Editing: The finally accepted manuscript will be reviewed
by manuscript editor for the consistency of the format and the
completeness of references. The manuscript may be revised according
to the opinion of the manuscript editor.

Page charge

The charge per a paper for the publication is 150,000KRW(Express review
service : 300,000KRW) up to 6 pages. Extra rate, 30,000KRW per page,
will be charged for more than 6 pages. Page charge include forty copies
of offprints. Offprints in color pages or extra copies of offprints will
require actual expenses. The charge per a paper for the paper review
is 40,000KRW. Rate for the express review service is 240,000KRW.

Editing checklist
See ‘Authors' checklist’ for details.

Transfer of copyright
Transfer of copyright can be found in submission hompage
(http://www.joet.org).



Authors’ Checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please submit this checklist to the KSOE when you submit your article.

< Editing checklist >

I checked my manuscript has been ‘spell-checked’ and ‘grammar-checked’.
vhol o] ek W BEH 9R/b A Shelstgisy .

One author has been designated as the corresponding author with contact details such as
- E-mail address
- Phone numbers

g Fe) A BAAE QYo o Azt

ol R

- A3 W

F

71 A5

I checked abstract 1) stated briefly the purpose of the research, the principal results and major conclusions, 2) was
written in around 300 words, and 3) did not contain references (but if essential, then cite the author(s) and year(s)).

O e 250] 1) 128 A9 74, 38 23 9 222 238kl &S st on, 2) 30050} 1 2]o]
ol TAE LS Belstglon], 3) FuEHE ZeHA A $eS SItASUTH (B Lol Py
3 Al 7).

I provided 5 or 6 keywords.
e 56709 A1 YES AgskS T

I checked manuscript consisted of as follow: 1) Title, 2) Author’s name, 3) Key word, 4) Abstract, 5) Nomenclature

description, 6) Introduction, 7) Body (analysis, test, results and discussion), 8) Conclusion, 9) Acknowledgements,
0 10) Reference, 11) Appendix, etc.

Ue dart g9 AR AR NEE FAstdsUTh D AlE, 2) AR, 3) 7195, 4) 25, 5) 715,

6) A&, 7) 2 G4, A, AYh A=), 8) 28, 9) F7IAHD, 10) FAIZ, 1) #5855

I checked color figures were clearly marked as being intended for color reproduction on the Web and in print,
or to be reproduced in color on the Web and in black-and-white in print.

5 s mE e 2%l de) flo] i Hel(EE Ju) 4B 2 deRd & RS A9E 198 A8oie
&2 skt gy

0O I checked all table and figure captions were written in English.
Ut 930 BE E ABT a7 ARe GRo A4S AstdaUtt

0O I checked all table and figure numbered consecutively in accordance with their appearance in the text.

B BERAA et SANE E WE 9 7 MEs A3E9eS Selstag

I checked abbreviations were defined at their first mention there and used with consistency throughout the article.
O s 9% o2 9ue] 3 ) Agel A goatgon], olF UnelHt AT A2 AEHALS
solatod ST,

I checked that references were in the correct format for the journal (See ‘Guide for Authors’ for details).
Ues B2 Faede] £ A Faedd #7IHAA 7hol= x)ol mebA 2= a5 Shelstdsyth

I checked all references mentioned in the Reference list were cited in the text, and vice versa.
0 Y= ‘References’o] EA|st= HE FIAEHS Y1 oA dAgEon, vitj2 93 2Eo AFH
= FAEFS ‘References’ o] E7]%SS 2elstGUTh



O

I checked I used the international system units (SI) or Sl-equivalent engineering units.
U ST R ER Betdom guoll WeAS AestaeS Slstaayth

< Submission checklist >

O

I checked the work described has not been published previously (except in the form of an abstract or as part
of a published lecture or academic thesis).
U B 9130 vhgo] 22, Tl sl 50 Aofat e A Sof Al ARlo] g Selsiy

i)

Y.

I checked when the work described has been published previously in other proceedings without copyright, it has
clearly noted in the text.
LR 2 flme) yigol o] g eAge] AN B ol AnelAl HAskESS Helste

ji)d

U,

I checked permission has been obtained for use of copyrighted material from other sources (including the Web)
U e m@ste] wlo] Uk AR A 57HE SUYh

I have processed Plasgiarism Prevention Check through reliable web sites such as www.kci.go.kr,
http://www.ithenticate.com/, or https://www.copykiller.org/ for my submission.
Loy w4 fAE A4 v F Rustasyc

1 agree that final decision for my final manuscript can be changed according to results of Plasgiarism Prevention
Check by JOET administrator.

U] HFi w=2of tiek JOET AA| ARl =it 4 A A= Aato] upet 2F wo] ¥Ad 4= Atk
ApALe] ol g,

ol

I checked minimum one author is member of the Korean Society of Ocean Engineers.
L AR 190 o)yl gEslorEtelel Blude Selstagyth

I agreed all policies related to ‘Ethical Code of Research’ and ‘Research and Publication Ethics’ of the Korean
Society of Ocean Engineers.

U A48 daedat S Fddlen, e e Aok

I agreed to transfer copyright to the publisher as part of a journal publishing agreement and this article will not
be published elsewhere including electronically in the same form, in English or in any other language, without
the written consent of the copyright-holder.

Ue s daetxe] Az Aol Fofsi, Axd HATAAE AEsHlsYTh

I made a payment for reviewing of the manuscript, and I will make a payment for publication on acceptance of
the article.

U AMRE dstgon, BB A B33 & AYRES gsasyt,

I have read and agree to the terms of Author’s Checklist.
< AR AT AE Be 23S dESIROH, Be 230 stk

Title of article

Date of submission : DDIMM/YYYY

Corresponding author : signature

Email address

% Print and sign completed form. Fax(+82 51 759 0657) or E-mail scanned file to ksoehj@ksoe.or.kr



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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