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Study on Performance of Asymmetric Pre-Swirl Stator according to
Variations in Dimensions and Blade Tip Shape

Yong-Jin Shin,, Moon-Chan Kim/, Jin-Gu Kang and Jun-Hyung Lee’

"Department of Naval Architecture & Ocean Engineering, Pusan National University, Busan, Korea

A B £ ¥4 dstel] wE Wt AFagen) AesdT

Resistance performance #3435, Self-propulsion performance %143

ABSTRACT: This paper reports a numerical method for determining the resistance and self-propulsion performance of an asymmetric pre-swirl
stator used as an energy saving device by cancelling a propeller’s rotational energy. The present asymmetric pre-swirl stator propulsion system
consists of three blades at the port and one blade at the starboard, which can effectively recover the biased rotating flow. This paper provides the
design concept for the present asymmetric stator, which produces more efficient results than a conventional propeller.

DeviceZ2+ Twisted rudder, Propeller-rudder, Rudder bulb &
Fin 5°] %7} e Ao 4#A Uk

B dAFolA = ol|A A7 ZA| 5 Pre-device® HITHE 2
Tzl g Aotk vk AR 22de
of o3l 7|5+ A HF Sxo] v WEFowE fEA4ES
Fol =y 3 A WS A oAl o3 E4&
BT Aotk Bl g dfel] thdk A= 1990

1. M E

HZ A AARE 77 W3 24 g d
Al 247t MEAT B YRS E % ARt
b D IFE Aur ool dgske o Vs Ade] A
Iz e 7k ZASA ] F(International  Maritime
Organization, IMO)4ll A= 2013\ AF-E 2 Z=5 & A8kl tfshe]

o

N

ol4A] &-&X]5<Ql EEDI(Energy efficiency design index for
new ships)& AAIete] GAZ o2 283 =S stal ). o]
e AR 2L 8 e ATAE SACE EEDIE 24T
7] flste] ol|A] Az 71E A77F s JgHa .
AdA Azt 7l ek 2] S| A] Azt oA A2t
o m& CO, WiEF AS T4l = F e 8% Te
olth. oA Az AR Z2AHE J|FOoE A WFoR
Pre device, ZZH 9] 3]TF3}l+= Main device, A0] WOz
Post device® #7% Utk TIEZSE Pre deviceol=
Pre-swirl stator(PSS), Pre-swirl duct(PSD), Duct®d#71=, Fin
FH7bE Tl A3t e A= &R o1, Main device
2% 970 £ Rake propeller(TRP), Contra-rotating propeller
(CRP), 5ol &} de A= dHA Jrk =3, Post

Z5E KRISO(Korea Research Institute of Ships & Ocean
Engineering) & 402 #dsiA P=HATE HAF A/
Aerhel Asalae Asl & 27l(key blade)oll Bigk 314 7]
e WHAA A HE A iAse HIUA Ay
< Meidiar dd=e vu AF d7E FHSATHKIm et
al.,, 1993; Lee et al., 1992; Lee et al., 1994).

TS KRSIONA = 71E9] d£9] m]=H]A|(Mitsubishi) ol A]
M 29 A7 HAE] FeiolA 298 Gt
AE e gAY e s A7 ATEHAT Kang, et al.(2004) <
VLCC(Very large crude oil carrier)ell ¥It|% AF14dMNE
A8l oF 5.6% & S7He] AAE Ho FUok 2y F
E AL ntiAde] dsiAnt A8E0 A T doEeE &
E7F ke ZE oAl thelM = 28 A7 B4 ST BT
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Fig. 1 Velocity components at the blade section
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Fig. 2 Definition of blade number on looking upstream
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Table 1 Principal particulars of ship

Table 2 Principal particulars of pre-swirl stator

Real ship rlr?;ézle r;}c]?:)
Length PP [m] 230.00 5.82
Length WL [m] 232.50 5.89
Breadth [m] 32.20 0.82
Depth [m] 19.00 0.48
Design draught [m] 10.80 0.27
Block coefficient 0.651 0.651
Design speed [m/s] 12.346 m/s 1.964m/s
Froude number 0.259
Scale ratio 39.5
A71A f= AeH, o= IE, & FYolth 4] 5)E
A7 S5 ol AXAR A=A AAE & Hoﬂ/\i«l
w2 WA} AZpgel EAVL BA@T £ 2edolr) 2
5% ol A H3 Felol F7} Hul, BaFL VI

M= s o] AXA A= A7 S| b
A3 An-zen] ga7rEn o] we} ke REe s <
Age Hast A7), FAESS SUSA7I7] 9Jste] AW
© AR T FE o] ¥zt wieh ARE C TypeZHAl
37HA ERSle] vl 1 AENE A ST A Typed A3
AT Kwon(2013)o14 ZA Pz g FIg vy x
AN, A Types 7102 HAE {f‘fgé‘}&’iﬂ A Type ¥
iy e AdBATNA A= AR ST Ddsto
AAH oz A F5dolE Fo|1 oilﬂ_ Z W(0.2R) 1A
7] E(1L0R) 7kx Z=Aole 435t B Types A
A 3ATE C Type B Types 7I€2E BEZE A 3HHA
W s1=dolE % 11% &4 HF C Types AA skt
AYE C Typeoll thgh AAgE A Q-2 Th2 Table 2~59} 2oH,

r°l'

1=y

=
o=

m[o rlr

Table 3 Geometry of A type pre-swirl stator

Section type NACA 66
Scale ratio 39.500
Model diameter [m] 0.200
Skew [°] 0.000
Rake [°] 0.000
No. of baldes 4
0.3
T —a—— AType
- — —A— - BType
- = C Type
025

c/D
I T T T

02 N

L N\

A

| .. -

| .\.\. A -

5 \.\.__. - ~A_
04157— ~\~.\_~\. A AA

~.@.
- .\.
TR B [ IR I T I I | I

0'10 0.2 0.4 0.8 1

0.6
r/lR

1.2

Fig. 3 Comparison of radial distribution on chord/diameter

according to stator types

Type©l Bl k]
oh= Fig. 3°ﬂ Ll ‘3}93131'. o174,
Hejo] A E(R)o gt Srl9 A () S 2ok

/R 0200 0250 0300 0400 0500 0600 0700 0800 0900 0950  1.000

Chord/ Diameter 0230 0228 022 0223 0219 0215 0211 0207 0204 0202 0200

Camber/ Chord -0.065 -0062 -0059 -0053 -0.046 -0.039 -0032 -0024 -0016 -0.012 -0.008

Thickness/ Diameter ~ 0.037 0035 0033 0030 002 0023 0019 0016 0013 0011  0.009
Table 4 Geometry of B type pre-swirl stator

/R 0200 0250 0300 0400 0500 0600 0700 0800 0900 0950  1.000

Chord/ Diameter 0197 0193 01% 0184 0177 0170 0164 0157 0151 0147 0144

Camber/ Chord -0076 0073 -0070 -0064 -0.057 -0.049 -0.041 -0032 -0022 -0.017 -0.012

Thickness/ Diameter ~ 0.037 0035 0033 0030 002 0023 0019 0016 0012 0011  0.009
Table 5 Geometry of C type pre-swirl stator

/R 0200 0250 0300 0400 0500 0600 0700 0800 0900 0950  1.000

Chord/ Diameter 0177 0174 0171 0165 0159 0153 0147 0142 0136 0133 0130

Camber/ Chord -0085 -0082 -0078 0071 -0.063 -0.054 -0045 -0035 -0.025 -0.019 -0.013

Thickness/ Diameter ~ 0.037 0035 0033 0030 002 0023 0019 0016 0012 0011  0.009
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2t Type'd Wt aAE7le] A= A A7 Statorol
W7 STFIAMES vt s AA AL, 7 Typed 7t
YAl 3= Fig 43 2ok o714 Wb 8 S7RIAE
Stator®l 7}l A= Fat EEZS Rt

x| Zo] AAE Statorol] E0J2E= FUF S7IYAZ )
ARA H 7R = Belx Z718H Eok Statorol] 7FsiA|

© et 45 AR 4] Aol Bol o] Fo A xRt 1k

F 9A4E 7] Wi AR S7k= o] FukeiAl €t
A8 ATellMe dibE oz A& it Stators 2 73
STFIAES 13" ~ 1479 SIAATI =S 9A]7E AAs
o] 33 B&e] o] 7P 2 Aoz el AT £
7] ARl HHEelUd e 9| x)2to] A A o] H=aA|

74 7] wiol A% wth Aol A8 oA = STFIA R
= O A2 1270 gtao] AASHATE =3 Kwon(2013)914 A
Type AAIE S7F G S 1270 BtFeo] AAISI7] Wil
YT dANA 7 Typeo] HITIA A E/NE A Hch
ERQlol W 2/ 9|X) b ThS Table 63 211, HE =9

N R oo

0

Table 6 Comparison of pitch angle according to stator type

A Type B Type C Type
Blade No. Position [*] Pitch angle Pitch angle Pitch angle
[°] [°] [°]
st 45 14 8 5
2nd 90 19 13 10
3rd 135 12 6 2
4th 270 2 2 15

J ==

(@) A Type

S

(c) C Type

=

) B Type

Fig. 5 3D Modeling according to stator type
3. TX[5lA
FA3A 4g Z2 33U STAR-CCM+(v9.04) 2 o] 83} <

A A S TN 3897Ne] A-C Typee] B3 ojitel uhe}
A% 8 A 5 BASIATE AFY SN FAHE Hjol
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Fol| wg} &EdA(Bare hull) tiv] =89 A A& R, (Total
resistance at model scale) 57171 3% ©l3l7} HE As X2
ST A Bl A= A ol A Y AEEE2rnQu) o= 4
TS Rl B tldad KCS Agell H3& viuld 2 4Is
A8tk

3.1 CHAMM w2

FA|3 A4 9] )42 3600TEU KRISO container ship 413 .S
Z En 2 78 18ske FF4] 3959 2A 74
39, =8 A =& 1.964m/so|Th
3.2 X|HHEA

B AT A E HIA Sl (Unsteady), H19453(Incompressible),
A (Viscous) 5= 1§ RANS(Reynolds-averged Navier-
Stokes) T2 & AHESIAIL ThHo] A o= FHJTH

o, " ©)
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el
(e}
‘é
&
&
2
@2
o
i
fuj
£
v

£5 9¥ A2 SIMPLE(Semi-implicit method for pressure-
linked equations consistent) ¢18FS AMHSSIALY, YREDS
Realizable k-e¢ RS ARSIt AARE s 202
Table 73} 2t

dlo o

Table 7 Analysis conditions

Program Star CCM+ (Ver. 9.04)

Governing equation Incompressible RANS Equation
Cell centered FVM

Realizable k- ¢ model

Discretization
Turbulence model

Wall function Non-Equilibrium
Velocity-Pressure coupling SIMPLE algorithm

Rotation method Sliding interface moving mesh

Y, + 100
Cell number abt. 5,000,000
Tim step 0.002 s
Physical time 50 s

34 ZAZEAH A AR
B ATelA A8d A=A O Fig 63 2o, 17
A3} RAAGHANA Velocity inlet 27 AHE3H1 21,

e of

T4l A= Pressure outlet -8 ARE3SIGTE F=3]5] 4 ol A
AHEE ATFH S Y BEN VIHCR st FAVE S0l
= BT A FAVE AW s ST A=
15 <X/L <3.00]H, vt H9= ARAGATMAIE= 15 <YL
<15, Adute] o} shi-e] RAAFGANAIE -15 <Z/L <
150t}

AZAAIE Star CCM+ollA A F8h= A5 AAF S o] &3}
& Trimmer AAFZ FAIH o, AAF= oF 33070 Z=
ez of 170v12] AAE ARgat] AlrkS T8l v
Fig. 73} 2t}

A fE 4 7o RE EE] AME D glE VOF
(Volume of fluid) 715-& AHE-319TE VOFH ] 7-¢- Aluke] zu}
A|(Wave making problem)E H%3st sdv2=3 #Hd &
&k vy A frssiAel o] Bl aje] A= =E vt
A= 7373 (Robust) WHOE A A QJth(Park, 2015).

Pressure Outlet

Velocity Inlet

Fig. 6 Boundary conditions

Fig. 7 View of grid generation propeller and pre-swirl stator
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Table 8 Comparison of resistance according to stator using CFD

Ry [N]

(Total resistance at model scale) Ry, Diff. [%] Effective horse power [PS] EHP_Diff. [%]
Bare hull 45.75 0.00 32103 0.00
With A type 49.98 9.24 36598 14.0
With B type 4722 3.21 33705 499
With C type 46.78 225 33197 341

4. SAIsHA 22}

41 Metds

A solMs Frk=e] FatofRo] met o] H A%
R,,/(Total resistance at model scale) 3717} 3% ©]’do] =A|
U AS FXE TUCh ol AgAFolA HEoUA, A
A, 874X, ING A5 ekt Aol nithd nA2dslol sk
ATE FhsRem, ol APE EUE R0l 3% oY F
7PF 2 A AHY A3 fEelE(Bffective horse power,
EHP) 74 Al oF 5% ol #=3 A S7t=2 F:18&S &
A Zsh7] wjZe|th oo w} Table 8ollA& FX|sA o =5
B AME 2y m719 A A& 3h(R,)S ©183ke ITTC
(1978)0llA AAIE 23+ Aol sl A Z7]olAM e F&
u}E(EHP)& 43T

HIT 27 72 Al dRbA o2 A3k S7ke] ]l
EXA(Bare Hull) Th¥] Stator®] 34+ FHZ F71,
Aol BEl~ Axzto = Qg A SR &+ 9
o7 A F mE Heovd 2o B Iyt ¥4
vl Azt st mE fFEo g <l RAEHE RUtE
iz gl v X2l s A& F77F 1kttt oo
Ao g sedo] gl vx|Zto] 22 C Type Bl 1A
W7F A7 SHelA fEdt 2o Ak

HFTA R A7 S} 3% I8kl C types A3 23t
Ae< Fstth A a4 z2de 3 RAR= Sliding
meshES ARSI, FUHH sbEd & ZEAY Foe
Interface 2 2J&FAT. A4k AIZE XEA(Time step)2 0.00225 %
83to] F 502714 Aldke skt v AE ZFA A 53] 2]
Wi AlkE wEEskl E=3 Ade Hlwstr] $1) Choi et
al.(2009)¢] AR A& Farstqict 27) 9] Z2de 3]sk
ol tigk a4 AIE o] 8sho] A (Self-propulsion point)
oA mye| A AR rY, 49 1, B2 Q) AT 0, S
TR 714, Bt AT TRl ol whet o]l 7R
ol g aejste] ARSI 4% HluE Hal =3
e ALFE pp, g T8, e A& FE 7k

r= R%)f_ Ty ®
PD,,=2mn,,Qy, 9

Table 9 Comparison of self-propulsion performance using CFD

ny [rps]  Qum [Nm] 27nmQm [W] DHP [PS]

Bare hull 11219 1154 81351 49807
With C type 11071 1123 78119 47710
diff.(%) 134 276 414 439

TS Table 9941 A3 o838l e 58, EF, 3
TE o83l Ao e (Delivery horse power, DHP)
A4k dubd oz ITTC 1978 A4 4 TFdbHe
AHEEA o, AR/ 1Y Bt At AzhE]o]
e, FR7) 999 e B4
FEATE 2ERA7] Wl 1A e
a4 ITTC(1999) 3 H <& AR&-3ith ¢ 2
FAANA Zol7F v Zbzhe] A wbe FA442 oS3 Ao

o ffr b odo
i
0,

(1+k) Cpgt+ ACy

Wre= (t+0.04)+( Wry—t— 0'04)W
FM

(10)
Crg+ AC,

WESS = (£40.04) + (W, —t —0.04)
C}-lll

+ ( Wﬁfq* WTM) (11)

2 (11)2 ITTC 199 ez 71&9] ITTC 1978 ¥
10)ollA 2EHe] FaEF Ao AolntEE Hall F= A
gl & 4= 9ok ol AFa el 93 WA He
© ZAe FFo] AujAolr] wZol2tal 7HstA =i,
i $ FEVRY Wslges Ao Ol
7Y LA H7] w&o]th(Lee et al, 2016).

HOY 2 AG7N7E 3071 Shell % Aol kel 9
o AN 71EE o SHE SRR 8 dEErt
Al "ok o] o JAke] S7 HEg, A2 LR e
2 FEE 7 Hol Zz2de SHEEmny) 74 B B
(Qu)el ZAZE sA 2E g A FANA 4% olde] &8
F7PF | Zo® addnh

¢

3]
At o 1>

5. &7l 2 g4 vislo| WE HA H s 2t

B AFolre eleldiel td vty wgdsle] A3
AR ok} mehd DAL 2 ol Ml Vortex 7
Mg 9 ) B Pyl uek WA SRS BA A7
MAE @ C typesl sl D E Rounding M & shATh &
7 & Roundingoli= 7149l B} 4L ol §3hgit.



Study on Performance of Asymmetric Pre-Swirl Stator according to Variations in Dimensions and Blade Tip Shape 437

(12)

Fig. 8%} %], &5 bE Stator®] Zo]Z 143} Rounding
o] ARE = W A& B o2 A AVIA 2= 2
£ Ao], y= Stator ¥ 23k & A7ol4 Rounding Al
2] 0.95R, 0.9R == 2714 ERle] Rt w4 d7lE 2
st HE 2ddy ¥4 Fig 9~103 2tk =S 99} 2
UG FAEA 7S ol gdte] AR 9 AR Aol U
divl s st

A& 9 2 A= Table 10~1101 A2lstiom, iy
A7) B2ow 15 FEAA (Bare hull)ol vla] A3 =7}
SFRANE, C Typedt HlaatdS o) 278 Eoll4 Rounding #
3 1ALANTE oF 03% AR FHAA FE] & Aoz &<

Fig. 8 Definition of rounding design

Fig. 9 0.95R type stator 3D modeling

Fig. 10 0.9R type stator 3D modeling

HATE ol @7l 2ol Fdo]l duk v NET PR
Al F AF FHNA el 2ow AddEnh
T3 2N B4 4EAR(C)E v Fig. 1100 Hlaskirh

Table 10 Comparison of resistance according to rounding stator type using CFD

Total resistance at

Effective horse

model scale [N] By Diff. [] power [PS] EHP_Diff. [%]

Bare hull 45.75 0.00 32103 0.00

With C type 46.78 225 33197 341

With 0.95R Rounding type 46.63 1.92 33038 291
With 0.9R Rounding type 46.62 1.90 33027 2.88

Table 11 Comparison of self-propulsion performance according to rounding stator type using CFD
iy [rps)] Qu [Nm] 2mQu [W] DHP [PS]

Bare hull 11.219 1154 81.351 49807

diff.(%) 0.00 0.00 0.00 0.00

With C type 11.071 1123 78.119 47710

diff. (%) -1.34 276 -4.14 -4.39

With 0.95R Rounding type 11.044 1125 78.065 47700
diff.(%) -1.585 -2.58 -4.208 -4.42

With 0.9R Rounding type 11.020 1117 77.344 47231
diff.(%) -1.81 -3.31 -5.18 -5.45
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FHAFE B o) W GE(P-2,) 2 T 4 (1)
3} o] Hejge,

(13)

(@) C type 1" blade pressure coefficient

-1.0000 -0.40000/

(b) 0.95R Rounding typel® blade pressure coefficient

2.0000

(c) 0.9R Rounding type 1* blade pressure coefficient

Fig. 11 Comparison of pressure distribution

FHAF(C) & Hug A3, C Typed] Mt 1A G
7} Fd(Leading edge) 3 @7/ € F-EollA ¥ £ Aol7}
Rounding type®] It gd7iiet & A& &2l & +
om, =3 0.95R Rounding type®] 0.9R Rounding type XET}
ol @7l BollA b EX Aol7b =7] wiEel 09R
Rounding type°] HF2 o2 G857 78 & Zlo= dd
Hoh 35 S-S ARt RgAEor A4S AFE o
Aolth

584 Z
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Ak = AT e v 229 BellA BeEl s A
< 934 Rounding AAIE 351 HF CFDE ©]&3to A
e g9 T ol2HEH T dee dE & ATk
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HIt A 2 @l 9] F=(Chord) Zo] 2 X Zko] AW A= A

718 o7|8l7] wlEel CompactsiAl AAE sfof gt
(Q €utAor R7HE B2 of o meh mge] A AR,
277} 3% ©lak7t Hojof sk, B Aol A= C type HIThA 1278
@] F2t of ol M} SRS A4S Tt A2 e TR
BT g viw gl A e st HF S FUdhL
239 A AN R,,,) 225%, F+EVFE(EHP) 341% S7H B,
FH 528 RN ALFERmQuS F41% , X Ags
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°F51% & 378 BAth ol 7l BolAol H=EHEE A
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Study on Structural Safety of Car Securing Equipment for Coastal Carferry:
Part I Estimation of Hull Acceleration using Direct Load Approach
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$% 314, Lognormal distribution 21 7 #2, Long term exreme acceleration 7] 5& 74 %

ABSTRACT: The capsizing and consequent sinking of a coastal car ferry was recently reported, with numerous human casualties. The primary
cause was determined to be a sudden turn with improperly stowed and secured cargo. Part I of this study introduces how long term acceleration
components are determined from seakeeping analyses. A carferry with a displacement of 1,633 tonf was selected as the target vessel. Sea data that
included the significant wave heights and periods were collected at four observation buoys, some of which were far away from two main voyage
routes: Incheon-Jeju and Pusan-Jeju. Frequency response analyses were performed to obtain the linearized radiation force coefficients, hydrostatic
stiffnesses, and wave excitation forces. Time response analyses were sequentially performed to produce the motion-induced acceleration processes. The
probabilistic distributions of the acceleration components were determined using a peak and valley counting method. Long term extreme acceleration
components were proposed as a final result.
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ol 7] otk webA B =& AFeAs At 3t
H4E aBste] A A2 gl Fgshs VMR B
BEE FstaA vk & & =2ddAe v dd 39
= A il 71 1633EH 7R E tde R WA &l

s
7]
B
*|(Seakeeping analysis)E FTHst 7HEE BEE =E3h=
49 AA st Al4PH(Direct load approach, DLA)S #-8%
2

olgd nEE F
ACB(2015)/1 dEd B A
Common structural rule for bulk carriers

) q AAshE & 5874 9 T so4dd 2
At 71t BAdHS A5 AolthRlolA ). viAY}
o DLAE Foto] 2 7HEE 719 #489E A5 Aol
L HAFTACE AZHA THES A ST

Aol e vl

2. CHAF Mut gl 317 &=

— 1 [ -]

o Aduke S F4 2AA00A A= vk slwF 1,633E
a5 A A TRl EA, B o Hl - ARES 1241%10]
o & Auke] =8 X)(Principal dimensions)E Table 11 VE}k
Waltk =F Fig. 12 o Aol dwk HiX| = (General
arrangement) 9] Y55 Uepdth 7|4 A 59| SES =
&7+ (Upper deck)ell A€ Th

2 Adube] AA 2L B ALHA(Trim and  stability
booklet) 278 AAHTE £ AFoAxE= 7P dEA F 7}
A9} 3}F 2121 9] skF ZA(Full load condition) 33
4 ZZ(Ballast condition)g o2 3t 5L 3tF =
dolgte 3 F Amet AT ARF] AMg] wal AA )

Table 1 Principal dimensions

[tem Dimensions

Length overall, Z,, [m] 69.76

Length between perpendiculars, Z,, [m] 56.00
Breadth moulded, B, [m] 14.0
Depth moulded, D,, [m] 3.50
Draught at full load, 7; [m] 2.65

Light weight, 17, [tonf] 1111.50

Dead weight, W, [tonf] 521.40

Full load displacement, 1 [tonf] 1632.90

stig}

° o o o

o o

o
WS Vi SREe AL VD ST T Vb > | e smzy o
S =
' R 71
e X s e

Fig. 1 Part of general arrangement of the carferry

UPPER DECK PLAN
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Fig. 2 Upper deck plan in full load departure condition with 25ton trucks and normal cars

Table 2 Information on mass and center of mass (COM)

Item

Ballast departure condition

Full load departure condition

Mass of light ship [ton]
Mass of dead weight [ton]
Rotary inertia, 7, [ton-m?]
Rotary inertia, 7, [ton-m?]
Rotary inertia, 7 [ton-m’]

COM in longitudinal direction [m]
COM in vertical direction [m]

1111.50 1111.50
282.95 521.40
3.57E10 3.97E10
3.56E11 4.16E11
3.25E11 3.76E11
26.30 27.3
518 5.30

stEg B dAoAe F o 2 HlgEs THAE

3% ZZ(Full load departure condition)®} B34 &3

Z(Ballast departure condition)= 3t% =102 AAIHT

z79] 7d g5 Ao 2F 7FomRYH S F U
|

2 o
o
LR
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Aoz dAEe A &3 =4S 80%, BEF 3 =4S

20% 2 7+43FHTh
WA &% 29 A9 BE EY

= EY 5t¢} 584 227 A A
H A5 M8 Fig. 2= td a4 dgo] 398 Wl
E

2BE Ego] Mgk wixE1, tig 098 el s&3t
Adul el wiAE BHg HoFErh

Table 2= 594 AMREE e v 23 =4 8
T 2 2o Uz A%, AF 22 ZHE, A F4(COM,
center of mass)= WERATE 7|4 A T4 Adn] FH(AP,
after perpendicular)® 7]X(BL, baseline) 2 Z5-E]2
ERdiT}.
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A 2T T A e F o FEE(KSA, 20125
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g3 ARte] 31 FEE JH-AFolH, 3 S AR
A E AR-AFE 23ske AAHQ F=2o0 et i A
Blo] £4jo] dasitt

o, 24, byt Soll g 24 s Iy
(KHOA, Korea Hydrographic and Oceanographic Agency)l|A]
D&t & AFelAe T 2o 2HIT =9 a4,
Y BZ4, g BSFolol tiste] A7 vlolElE At &
gout, Fig 3 (b)9 AAOE ehd Fa F2ol A7}
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2]
Donghae 5+

(@) All coastal routes

Fig. 3 Sailing routes of coastal carferries in Korea
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H’ 160° 1
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T34 dolEe Ha/HY 9 Fale 0.01m/6.24m, H4
/AW 9H wxp FE 20/242%80H o]E ulgog ZHA4
H 9 M= EXE(WSD, Wave scatter diagram)= 2] 231
7 $F(05m-6.5m), 9 WA F7] 12 FF(3sec-25sec) 01
H, B3 W= 17 o3 @71 s AEivl etk B AT
oM HEd aiAe) WS zAelete] B3 &0l 1%
QB A RS At B FE-S A rslste] Table 3
o 11749 7] s AJEE YEH.

B dAFdAe x5 JAE 0=5EH 180E7H4] 25%
Ao E s 714 BE AAEE BE gEc] 2o
L 7M. ol g B0l 2559 A9 2559 ol ER
U3 gEo] 2ui7t Hok i Aduke] H3 £¥2 135knots
(6.945m/s)°1 =8 &5 10knots(5.144m/s) Wj2]o]t}, Aln)
HFollowing sea)®] 74-¢- Aol whE A9 =9 FiT
(Encounter frequency)”t &7} DASIER, o|F WA S ¢
sl YAzt 0% o] AZThBeam sea)F-E 180% A4
(Head sea)7MA & «3 £55 283t om, A2 0= An|

Ulung

B

(b) Two main routes

Table 3 Wave scatter diagram

Sea state # H, T, Probability
01 0.5 3.0 0.1123
02 0.5 5.0 0.2839
03 0.5 7.0 0.2231
04 0.5 9.0 0.0644
05 0.5 11.0 0.0215
06 15 5.0 0.0392
07 15 7.0 0.1237
08 15 9.0 0.0777
09 15 11.0 0.0153
10 25 9.0 0.0272
11 25 11.0 0.0117

Table 4 Probability of wave incident angle and ship forward speed

Wave incident [deg]  Probability =~ Forward speed [m/s]
0.0 0.0625 2.000
25 0.1250 2.000
45.0 0.1250 3.000
67.5 0.1250 5144
90.0 0.1250 5144
1125 0.1250 5144
135.0 0.1250 5.144
157.0 0.1250 5144
180.0 0.0625 5144
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Table 5 Information for panel elements in full load departure and ballast depature conditions

Number of elements

Ballast departure condition

Full load departure condition

Wet part (diffraction element)
Dry part (nondiffraction element)
Draft at AP [m]

Draft at FP [m]

5861 6699
986 124
2.702 2.646
2.008 2.646
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Table 6 Parameters of lognormal distribution
Condition Parameters Heave Roll Pitch
o 0.02549 0.01957 0.02579
Ballast
departure ﬂ 1.9212 4.6975 4.7155
v -6.8289 -109.69 -111.66
o 0.06831 0.02013 0.02295
Full load departure I 0.95312 46934 48371
¥ -2.5983 -109.22 -126.12
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Table 7 Summary of long term number, probability of exceedence, and extreme acceleration

Acceleration component

Ballast departure condition

Full load departure condition

Number
Heave Probability of exceendence
Extreme value [m/s’]
Number
Roll Probability of exceendence
Extreme value [deg/s’]
Number
Pitch Probability of exceendence

Extreme value [deg/s’]

23730734 94676659
4.2139E-08 1.0562E-08
-0.8718 -0.8293
17525225 70772106
5.7061E-08 1.4130E-08
-10.8280 -11.5440
19200185 78060675
5.2083E-08 1.2811E-08
-14.3120 -15.1520
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ABSTRACT: For a carferry with a displacement of 1,633 tonf, a seakeeping analysis-based direct load approach (DLA) was used in Part I of these
series, where the final deliverable was the long-term probabilistic acceleration components. In Part II of these series, the tangential acceleration
components are explained based on two approaches: a standard called the IMO CSS code and simple formulas with the probable maximum roll and
pitch rotations. The subsequent tangential acceleration-induced external force components are also introduced for these two approaches. The lashing
strength components were selected from the IMO CSS code. It was assumed that two different vehicles (a car and a truck) were stowed at the most
distant locations on the main deck to assume the largest tangential acceleration components and were secured with four steel wires with
longitudinal and transverse lashing angles of 45°. Four cases were considered, with different methods for predicting the acceleration components and
different tools for the external loads and lashing strengths involved: cases Rule-LS (rule-based maximum probable roll and pitch angles for
predicting the acceleration components in conjunction with LashingSafety), DLA-LS (seakeeping-based long-term acceleration components with
LashingSafety), CSS-LC (IMO CSS code-based acceleration components using LashCon), and CSS-LS (IMO CSS code-based acceleration components
using LashingSafety). In terms of the acceleration and external force components, the CSS-LC and CSS-LS results are more than two times the
results of Rule-LS. Thus, when the external forces and lashing strengths are evaluated using CSS-LC and CSS-LS, the truck needs more lashing
wires, while Rule-LS and DLA-LS predict that the present lashing configuration is on the safe side.
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Fig. 1 Basic acceleration data for determination of tangential acceleration components (IMO, 2011)

Table 1 Correction factors fj,, according to B/GM (IMO, 2011)

JESLT 71 G & o) AXHoRRE o) A
ZA(G)A] 47 Aol g ejmFy,

B/GM
Height 8 9 10 11 12 13 or above
on deck, high 1.56 1.40 1.27 1.19 111 1.05 1.00
on deck, low 142 1.30 1.21 1.14 1.09 1.04 1.00
tween deck 1.26 1.19 1.14 1.09 1.06 1.03 1.00
lower hold 1.15 1.12 1.09 1.06 1.04 1.02 1.00
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Table 3 A table of each lashing location based on vehicle local coordinate.

Vehicle Lashing ID  z; [m] y, [m] z, [m] z, [m] v, [m] z, [m] o [deg] B [deg]

L1 0.50 0.80 1.00 -0.50 1.80 0.00 45.00 45.00
Car 12 0.50 -0.80 1.00 -0.50 -1.80 0.00 45.00 45.00
L3 3.10 0.80 1.00 410 1.80 0.00 45.00 45.00
14 3.10 -0.80 1.00 410 -1.80 0.00 45.00 45.00
L1 1.00 1.25 2.00 -1.00 3.25 0.00 45.00 45.00
L2 1.00 -1.25 2.00 -1.00 -3.25 0.00 45.00 45.00
Truck
L3 11.00 1.25 2.00 13.00 3.25 0.00 45.00 45.00

14 11.00 -1.25 2.00 13.00 -3.25 0.00 45.00 45.00
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Table 4 Comparison of acceleration and resulting external force components

Case Rule-LS DLA-LS CSS-LC CSS-LS
Based on Egs (8)-(11) Seakeeping analyses IMO Css IMO Css
Calculated using LashingSafety LashingSafety LashCon LashingSafety
a, [m/s?] 091 0.98 2.36 2.36
a, [m /s?] 4.28 1.04 9.28 9.49
a, [m/s?] 474 3.03 5.06 5.07
Car F, [kN] 0.83 0.89 2.10 2.14
F, [kN] 3.89 1.50 840 8.64
F, [kN] 432 2.76 n/a 461
M, [KNm] 2.88 111 6.20 6.39
a, [m/s’] 091 0.98 2.36 2.36
[m/s?] 4.28 1.64 945 9.67
a, [m/s?] 252 1.54 5.89 5.89
Truck F, [kN] 35.66 3831 91.90 91.90
F, [kN] 166.77 64.13 368.70 377.16
F, [kN] 98.17 60.08 n/a 229.76
M, [KNm] 261.83 100.69 5789 592.14




456

® deck-high ® decklow

--------- Regression(deck-high)

--------- Regression(deck-low)  -++:+-+ Regression(tween deck)

Joonmo Choung et al.

® tween deck lower hold

Regression(lower hold)

16
e
1.5
1.4 e
LED 1 3 -....' ..... " e, .
S ... T =
1.2 ............
1.1
1 Y ;'.‘-‘.’.*.*a»:»n,..,__ N
6 7 8 3 . H * ;
B/GM

Fig. 6 Regression results for f,.,, interpolation

AL A}
Sl o
olo o j@_:}?_]

AMAHE =

& fpars FAT) Y81 Fig. 69} o] thaks
8317] WZol LashCono] A3}l oFzke] te]7}
FRE wes £, R M5 HEEoR Jolt
& & itk

3.3 & AR 2= Y olNE HiW

Table 5= 47 Aol tig 1t F=E Aelste] vepd

Folt}. 1k A=) AFHE 110kN, vHd AlFE 0322 7}
At ZE AolxdA 18 FrE 2 xfolrt gith A
Table 4%} Table 59 AAJE Ao|2E 7145 % 48 ol mE
ERolng, 18 A=t /&S A W l°*°l Y3tk
A A ojok gt} 4] (12)0] Beluke} o] =37 9y £
7V T3EE F WEF 18 A5 A5 Aol bl eftte] Ak

Table 5 Comparison of lashing strengths

o7} MAEAES UL 5 Utk
CSS-LCo}F CSS-LS9] aHt A=

M, 7t WA frojm gk

THE Qlo] AN 0 FE 3

7] AsliMe 1t A% o B

e wiel o] & Wk aHk Z%E

% THHFITHIMO, 2011; KR, 2016).

s BgudA Heo|solok s P ¥
St o7t B 3 W% 2 2% g7} agu
Aol R slom, 2= gol 44 25

Table 49} Table 5& 2l
of Atk 1k A TS RHEEEA] KE ;
4}

£ Table 59 5922 YeHISIT

14

14
ol
I
:\é
a4
of
N
N
Rl
o
i3

Case Rule-LS DLA-LS GCss-LC CS5-LS
Based on Egs (8)-(11) Seakeeping analyses IMO Css IMO Css
Calculated by LashingSafety LashingSafety LashCon LashingSafety
After 158.05 158.52 158.00 157.96
£, [kN]
Forward 158.05 158.52 158.00 157.96
Port 159.35 159.35 159.00 159.35
Car F, [kN]
Starboard 159.35 159.35 159.00 159.35
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M, [KNm]
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3D Nonlinear Fully Coupled Simulation of Cable and Tow-fish System
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KEY WORDS: Cable dynamics #A|°]& 598, Tow-fish % <A, Nonlinear coupled simulation H]A3 A4d3l4], Nodal position
finite element method 7,‘—;17‘4H?<]1—rﬂ&_1_ H, 6DOF equations of motion 6ZHTE &WA 2], Predictor/multi-corrector Newmark
algorithm, dZA/th5 42 Newmark ¥ilg]&

ABSTRACT: In this paper, a strongly coupled method for investigating the interaction between a cable and tow-fish is presented. The nodal
position finite element method was utilized to analyze the nonlinear cable dynamics, and 6DOF equations of motion were employed to describe the
3D rigid body motion of the tow-fish. Combining cable and tow-fish systems into a single formulation allowed the two nonlinear systems to be
strongly coupled into a unified nonlinear system. This strongly coupled system was numerically integrated in the time domain using a
predictor/multi-corrector Newmark algorithm. To demonstrate the validity, efficacy, and applicability of the current approach, two different scenarios
(virtual and sea trial) were simulated, and the simulation results were validated using the physical plausibility and the sea trial test.

1. M =2 B3t ST AU (Active) Al2=glol HIEl| FEHA A|=El] A
¥ #7435 (Environmental load)«] TRl ndgo] ufg- &
T35 A AA (Tow-fish)y= A F=Ho] obd s<=rol] st g8, s 7 Faagetes dde Adshir e A3
£ 2 (Mother ship)¥ Aol &= ‘34@5401 ARIEE 5 & 2= 45T 5 Jojof drh= "ri] Sl 497de] ol ze] st
EA(Underwater vehicle)olth. £ Al F= ol & A "ok
Ashs FE A Be T SAES FA] AT HHo ol gt A s oEES FAHCE Yot 22 Al
28dn F ddAZE Foix F-E A3 ] A A SHolA AR AAE, Aole AARte] thHs
A BT AR AolEo] o5 dlEe FF HAA A+ (Large displacement) Asell 93 B4 ¥ A (Non-linearity) &
A& A8 oz E T AUtk olEg HAEAEL AlolEe a4 wFo] Aol
TF AAA A" o]l Aol AolEe] Edel A2 sleigt= AlolEe] I Wefrt ARl wet TS 718t
He dJdEAZ FEET FF ddAle] Ase AFs] A S HldZ g VAT EAE, AUA 5 R FEA
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sk Al 5 o8l AR HA QE} olgdk Sl B Ao HIAY 6AHTE &5l el Fok BISEE 24, A
ke o, FF AJA Al="S 2rzd 2 BAzA st o]Eelut S 2y(Hose) BHONA WA= 913 (Whipping) 73
750l A= FEHU(Passive) Alz=HlolgL & F At & E F Utk o]HT 6AFE HIAAE L5 sl a4Fo)H
AEdlold B AofstE(Control load)e] Aujalez 2 HPZQl o] HastH, o]& fJ8t] A 28st= o
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Fig. 9 Snapshots of impulsive towing simulation. Images of tow-fish are ten times expanded. Shade means initial configuration.



3D Nonlinear Fully Coupled Simulation of Cable and Tow-fish System

&8 Sway)E A Bk 5 AJA e 7)slskA E4
& TE8Pitchy= +Fo= AT <Rl dhss
(Heave)= Alol529] &&3} oflA|le] &5 Bl ¢FHe of3) -
oz WAsHA drt o]l EelAel ¥F54L Fig. 8& &
3 AT 5 1o, ARko] A

FHHZ e A ERIT £ ok Aol EY el
me} 7] AolEe] JdFoE vlaFA FE BAY X3k
A
0.5m/s
v ]
Q
E
-
@
(]
o
v

0 200 400 600

Time (s)

800 1000

Fig. 10 Time history of speed and heading angle of mother ship

: 10m Sim.
v

Depth, Z (m)

800 900 1000

0 100 200 300 400 500 600 700
Time (s)

Pitch angle (degree)

0 100 200 300 400 500 600 700 800 900 1000
Time (s)

Fig. 11 Results of comparison between simulation and sea trial test
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strain ATHE, Local ice load =% W3l%

ABSTRACT: This paper focuses on the estimation of local ice loads exerted from ship-ice interaction processes. The Korean IBRV ARAON was
used to perform field ice trials during her 2015 Arctic voyage. During ARAON’s general ice transit, a total of 72 channels of data from both
strain gauges on the inner hull plates and those installed on the transverse frames of the ARAON's bow section structures were analyzed to
calculate the local ice loads. The local ice loads estimated from the analysis of the shear strain data measured on the side frames were compared to
those from the hull plate pressures.
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Fig. 2 Layout of strain gauges on the hull panel of the IBRV
ARAON during 2015 Arctic ice cruise (Starboard side)
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+ Measuring for hull plate strain
+ Single Gauge : 1 Channel / 1 Gauge
*+ Rosette Gauge : 3 Channel / 1 Gauge

S/G Raw data

(Strain)

¥

+ Calculation the stress from the strain

+ Single Gauge : Equivalent Stress(Von-Mises eq. ,
make a supposition (g, & = 0))

+ Rosette Gauge : Equivalent Stress( Von-Mises eq.)

Stress

¥

+ Use the Influence matrix method

* {od=lclP} o (Pi)=le] o}

Pressure ({o} is stress {P} is pressure, [c] is influence
matrix)
* F=PXA

(F is load, P is pressure, A is the area occupied
by the gauge)
+ Area = 0.8m x 0.5m

Ice Load

Fig. 3 Stain gauge data analysis procedures
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Table 1 Raw data obtained during IBRV ARAON's 2015 Arctic voyage

Data group Date UTC time
7 0811 04:30 ~ 05:15
11 0814 07:45 ~ 08:00
12 08:20 ~ 09:20
14 10:27 ~ 11:28
16 16:40 ~ 17:45
17 17:50 ~ 20:15
22 0815 06:25 ~ 08:20
23 13:05 ~ 14:05
24 14:12 ~ 15:05
25 15:10 ~ 16:07
28 0816 02:50 ~ 03:50
29 04:09 ~ 05:10
30 05:20 ~ 06:15
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o] WHo g B AFoAE shtel oWIE uelA] 23t
283k 93 Waked Ao e 93 Wikes &
st 1 A71E AR BlaEgth Hla A4S 93 o|iEE
HePd = Yol Z83h= 3tF 712 E 9 (Peak) 31F
0.04MN oS 7]Z2 2 3~10% TXFe 2 AstHTh

Table 2= AEE oWlE FIHlA F 71X o= ALkd

Hlw gk Aolth AXAIHe] A
A=A 2015 84 H=3)] WA dEle 2 WalFel AlZ
ekt 270] ophd AFo|r] Wil Z|EX BT & WilkE
oy F&d oMES 347} R 493 FHAh oWl
Eo] WY 3= F 433]0|H, 11, 12, 24, 25, 29, 301 Hlo]H
aFoE Yol 283 93 WalEo] 0.04MNS HE ghol
N7 o] olHES} LAYBEA] ¢UT). Table 3 Table 29
Uehd 93 WskEe] e 5 HAdigk € Baas JER A
ot} Hulgk2 QoA 9] WalEo| 0.33MN, ZH Y42 |
3F3o] 0.11IMNe]leH, HHgh-2 2+ 0.13MN, 0.05MNO =2
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Table 2 Comparison of the local ice loads in each event section

Time Plate Frame Time Plate Frame
No. [sec] load load No. [sec] load  load
[MN]  [MN] [MN]  [MN]
7 579 0.08 0.05 4544 011 0.05
839 027  0.06 5322 014 0.04
1010  0.11 0.05 5691 011 0.04
1153  0.10 0.06 6039  0.33 0.04
1342 010 0.06 6072  0.16 0.06
1424 021 0.04 6349 013 0.04
4552 016 0.05 6808  0.23 0.04
1989  0.08 0.04 8035  0.08 0.04
2018  0.18 0.11 22 174 0.04 0.05
2030  0.16 0.04 998 0.06 0.04
2093 011 0.04 3328  0.05 0.07
2170 0.05 0.04 4045 007  0.05
2309  0.20 0.06 4194  0.08 0.06
14 2333 004 0.04 4227 0.05 0.04
2984  0.06 0.05 4616 013 0.06
3059 015 0.04 4992 013 0.05
17 1370 0.4 0.04 5642 017  0.06
1637 0.4 0.05 23 790 0.05 0.05
1712 0.10 0.04 827 012  0.08
3321 013 0.04 2192 0.16 0.05

3633 012  0.04 28 660 019  0.04
3827 013  0.05

Table 3 Number of event sections for two ice load estimation

No. Plate load Frame load

Event average 0.13 MN 0.05 MN

Event max. 0.33 MN 0.11 MN
e ke Fo 2AEE B3 WaEe 248 e
FE 4, #ol AR 9FE T 20159 55 A FCNA
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Punching Fracture Simulations of Circular Unstiffened Steel Plates
using Three-dimensional Fracture Surface

Sung-Ju Park, Kangsu Lee” and Joonmo Choung’
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Teh WY E FUL o] &% v Awe] WA wg AEY oA

4
|~/

3714

H], Average normalized Lode angle B+ 87 =572, Fracture strain surface

A

KEY WORDS: Average stress triaxiality 8+ 8% 4
gt HEE HH, Punch test AX] Y

ABSTRACT: Accidental events such as collisions, groundings, and hydrocarbon explosions in marine structures can cause catastrophic
damage. Thus, it is extremely important to predict the extent of such damage, which determines the total amount of oil spills and the
residual hull girder strength. Punching fracture tests were conducted by Choung (2009b), where various sizes of indenters and circular
unstiffened steel plates with different thicknesses were used to quasi-statically realize damage extents. A three-dimensional fracture strain
surface was developed based on a reference (Choung et al., 2015b), where the average stress triaxiality and average normalized Lode angle
were used as the parameters governing the fracture of ductile steels. In this study, new numerical analyses were performed using very
fine axisymmetric elements in combination with an Abaqus user-subroutine to implement the three-dimensional fracture strain surface.
Conventional numerical analyses were also conducted for the tests to identify the best fit fracture strain values by changing the fracture
strains. Based on the phenomenon of the average normalized Lode angle starting out positive and then becoming slightly negative, it was
inferred that the shear stress primarily dominates in determining the fractures locations, with a partial contribution from the compressive
stress. It should be stated that the three-dimensional fracture surface effectively predicted at least the shear stress-dominant fracture
behavior of a mild steel.

1. M = (Equivalent plastic strain)o] 578 W E EDstH didho]

gtk 7Pgdith A A (Norsok, 2004)2 7ol thsh

Auk 9 FSZWE AR HE TRES A UEE T 20% I A E 208 AASK ok AT AFAR HE
e Zogx dA AR HF o XFHEH, e A7AEel & FE Al AAE 20% v WEE 20 A 9
AR A5 A4 A5 (Ductile behavior)? A4 3HDuctile  TFF2EQ] It HAH7IsH= AE FAT § JTHPaik et al,

fracture)ol] thet A5 A& &2 Psta Yok
Choung et al.(2009a)& FZE-§ ZAlel tgk GIN(Gurson-
Tvergaard-Needleman) 239 A5 J+E =&, A=9
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1999; Narr et al., 2002; Choung, 2009b).
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Received 21 October 2016, revised 6 December 2016, accepted 7 December 2016
Corresponding author Joonmo Choung: +82-10-8604-7346, jmchoung@inha.ac.kr

(© 2016, 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.



Punching Fracture Simulations of Circular Unstiffened Steel Plates using Three-dimensional Fracture Surface 475

et al., 2014b). Bai and Wierzbicki(2008)+
(Stress path)®] @& & sHA &2 It AP E H
319 Th Benzerga et al.(2012)2 &3 I 7
< A= ?_]_X]'?:]rg “/FZ] H SRSICAS

o] A7arEel o3l 39 ‘:—L}X* 7dze] F3tol ik ‘”‘—_rLi &l
g Foll Ath(Yu et al, 2016; Thomas et al., 2016).

Choung el al.(2011), Choung el al.(2012), Choung el al.
(2014a), Choung el al.(2014b), Choung el al.(2015a), Choung el
al.(2015b) & Choung and Nam(2013)-> EH367JA 256 A2}
d 2AE Ve S8 9 Y, e A, de-dA, o
= Aol tig AP FAsAS T8 B &Y A5
(Average stress triaxiality) ¢} B¢ A5+ £ 22} Bl (Average
normalized load angle)®] Er=ZA 22 Ittt P E FHES
F@SI ol HIthA = Ao it st dde At
a1, 48 8 84 229 Abaqus/Explicit(Simulia, 2008)2]
AMEAF B FE(User subroutine) &2 It AP E JHES F
dsto] I 84S AU

ol5o] AAR HItlE wAAE A% Sl olala] sl
LAY Ao dqFHY, & =22 7]E9] A7(Choung el al,
2011; Choung el al., 2012; Choung el al., 2014a; Choung el al.,
2014b; Choung el al., 2015a; Choung el al., 2015b ¥ Choung
and Nam, 2013) Aol tigk sk WHEFPE FH-& HA| 2Pl
2-g5t314} ). Choung(2009b)= A A& 3435l 7]F
B E m9e ol 8% A 4 Aste} maanl glov, B
SRS SUT A3 AT WP A A4 5okl A

mO

2 Uehd 5 9tk o] el Amshs HA &

Z
03 i ey 7
Deviatoric plane 0
(01 + 02 +03=0) & IYP
. = 'z\ 6 (Lode angle)
Tresca yieldr;,fii‘ AWAN \R
locus { | NI N -—
0 '\ o1
_ A R —— ,‘J"
\ /4 93 _“von Mises yield

¢\ locus
Fig. 1 Geometrical representation of yield criteria in the principal

stress space

2 A (Deviatoric stress plane) ‘32 ¢ ]
Ho 2Ry Hzt 3¢ HJH7A Y A <
2] (Hydrostatic stress, p)2t H2l 82 Fwe] wix g wa 7
2|2 %8 7Fs¢ von Mises 57} & 5 2
vehd 4 ok A (1) 2 4 ()

1 .
p:—§(¢71+a2+03):—7|00| (]

<9 A= 4 ) 2ol Ay £33 57 549 nl
oh #A S B 2 Oﬂ—t— WA Ee] 271 Z2A,
z SAE Uk o
L( OIEL Fig. 20 Yehd ne} o] =
0 <m/6°Ith. ZEZbE 4 (4)3 2ol A

stH, & AR, = AW, = 45 W 4G o=x/6(FE=

6=1.0), 0=0(FE 6=0.0), 6 =—7/6(F= §=—1.0)2] &= 71
o 2 @A = {']' 59 3% EWHH(Third invariant of
deviatoric stress)°™, 4 (5)¢} &t} 2] G)olA Al r 2
(6)% 2ok
= ©
5:1—6—::1—%005 e @
3
g:(%) = 0530 ©)
r= V%?(al +p)(o, +p)(o; +p) ©)
1%

von Mises circle Tresca hexagon

&
Q&ef’s\o
| o
“,.:’ i‘
‘ I
/1 " \ L
| % I\
‘ ~. Y8 160° | | Shear
: - i
| | A ~ :
I , I
\ , 1 N I/
\| _~ | Sa i
Sl
# § : S
a3 NS, | " A
S | - ~
L

Fig. 2 von Mises yield locus on a deviatoric plane



476 Sung-Ju Park, Kangsu Lee and Joonmo Choung

o

3, JJrT’} °]Z]' A WHsAdo] 7

ai and Wierzbicki(2008)= 74 s
-4 ﬂ‘:]'i 19} it At 2= ARSI

l‘l[‘

g olge Bz
o, 77t A (7) 2 A (§)3 2ol T MYB() AL
9 gEvel A5 2ee 57 44 APE(,, ) HEe
o vera.
1 £
nau = ?f‘/ll ndgp-,cfl (7)
J— 1 &
6{”’,— 8_[‘/0 adep.eq (8)

22 njth HHE WM Jl
Bai and Wierbicki(2008)2 2] (9)} o] 3

Bt At 257 F9olA 2dHE dd P E FHS AA

stk A7 (S 172} = A,

|
2,
g o°
_?L
N
ﬁ&
16
il
3
rott

7=
Atk 7z Qe it §H S R Eﬁﬂlﬂtﬂ 1A
D, T geeln, A9 Adtete] 3

~ e 1~ |~y ~9)|z2, 1.~ -~ n (%)
Ef(ﬂ,” ) em ) = |:§(5f +Ef )_Ef ]9 + §(Ef )9+6
1 , _
= {§(D Um-+D' Dy )—D3e Dy }
— 1 _ _
0.+ (D, De D7)y 4 De M

A8 AF(Choung et al., 2011; Choung et al., 2012; Choung
et al, 2014a; Choung et al, 2014b; Choung et al, 2015a;
Choung et al., 2015b ¥ Choung and Nam, 2013)7} A A& A
8 A4= 47y D=3320, D,=1.232, D,=1472, D,=0.067, D,
=0.070, D,=-1.806°]11.2.H, Fig. 3] o]& =2|3}sle] e

05 el
Nav Cﬁnpze/ ~ ?E / ﬂ 5 av
e

15 -1

(a) Isometric view

6,

5>\\Te sion

i
85 0 05 1 15
Nav

(b) av _plane Vlew

T Tension
&
ar .
Compression
€f3//
Plane stress
2 Shear s

I
B -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

g(.lv
(c) n,,-plane view
Fig. 3 Three dimensional fracture strain surface (Choung et al.,
2015b).

0
B
o
oo
i
2
)
=
-L4
0

. Q Y 7’:]0
Ve A pow, e A e}sn(af 02 ) shek e
o 3

=
=

B AFolae B
akal, olof tigh %] s4&
HEE Yo o5t Aghd
S ASSuA Stk oo md 3ol AMH AY =Y
= o) o3 =389 JIS G3131 SPHC 7

) ] 2-4mm$3

Choung and Cho(2008a)
of tigk AX] A (Punch test)o|th. V& FA=
om, Zt ARe 318t &S Table 10 YT

Table 1 Chemical compositions of JIS G3131 SPHC [unit: %]

Thickness C Si Mn P S
2 mm 0.037 - 0.23 0.012 0.012
3 mm 0.043 0.005 0.22 0.012 0.009
4 mm 0.036 - 0.24 0.013 0.010
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Fig. 4 Flow stress curve from tensile tests (Choung and Cho, 2008)

Table 2 Mechanical properties of JIS G3131 SPHC
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L

Atk AP }F-AWE WS FHNA Hr) 5L A
o

Fig. 70l WA A3 AEHAS 913 2ds Yehidoh
NS AT gEo 2 Sujolung A A 444 S 84
(CAX4R) & o]&3ll Al FAlFE BE Ad571A] =mddsiqich
AH G24-& Hypermesh(Altair, 2013)5 AHE-s] 2= Qo) A
H 2 2E AAR HHE AT T3 o, Al 219
A3k AAole v AYE TEITh T oA W oA
Z7& A3tk FUA A 2 A4RAX2)E ©]&3te] QIdE
& REHES BE T EA A Al IFIE Ato]o] npzt
AlgE 078 2838 THSE, 2003). M Ao A 849 7))
= 2F 20007090, w9 2H3 845 ARSI Wil
o] ek fAS FYshA adTh

A e e /A3 24 FE Abaqus/Explicit(2008) &
o] &3t 4=tk Abaqus/Explicit> vt HE &2 Shr2
A HEE L5 25 &9 ASHE A9 F Utk 18y

N



478 Sung-Ju Park, Kangsu Lee and Joonmo Choung

eoction A |
. Indenter L _Section A | Fully fixed
Ref. node by bolts

Supported by jig
Ty =0

1 'Symmetry Tx = Ry = Rz =0
®=p X

Fig. 7 Finite element model for punch test

2
35

Sl Fd At 2EAS vl MR ARES
H A AHEA A BERIS] Jidke] F g8tttk Abaqus/Explicit
}%Z} o] W4 VUSDFLD(User defined field variables)
sto] ke a4 ARHNA w ARE SER 5
FE HES =25, H Y ASv B A =
Ae 3L = Aok AHEA ABFEL Abaqus/
Exp11c1t2§l?~E1 84 Y AES VHHes 9%, 38 48
< o]&3te F 9 I sEEE At 98, a83
T 7o stet el E oAl Abaqus/Explicitel]l HEHFE
@y% s —rsﬁﬁhi]- whe}A Abaqus/Exphat—: = 719 s
4:0] getk ARE HAAE & ok Fig 8ole AHE-
Z}zl d HP_EEI VUSDFLDS] 4] duglES veht ok
A2 A Ao shdd AR Algdold ez iE AT
4“01 l Wz AR As 1T 5 o, ot i
Aol F2 Addgo] 7|8 Ao FHHAU(Fg 9 =)
ol It AolM Dol 57t & EA e BT &8 A
SFHlot Bt At 2uzte] WEEE FEA 1Y & Ao
(Fig. 10 32). Thek ¥R B(e)oIA4 T vhek webules vlms
g A 27(0,, =0.0)°l 7 g2 7K1t Fig. 994 =}
o] A5 dshE 24aE Flsta, JJr“rO] FYsh= ARl

[ %2 mlm L L o2
' 2
ogd

‘N
L

mlm

A o] 840 AEHOoERE FU} &4 WIHES EE5] o
& O HPgER 7&%6‘}01 Fig. 109l E/\l Eisdsd
Fig. 112 ##] A9 31 4] a4 Z2ayAdE Iy 2ol

& a5)E A UrE‘rLHIL Atk ARE ¥Ex|Fo] S7tdF

L Section A

Input: Three-dimensional

fracture strain surface in
Nav: Oqy iNto tabular

[ Beginning of analysis

— Strat of step

_.[

Step increment

l

Get Oiji €peeq

form Abaqus/Explicit

|

No

Calculation of 14, 6,

av

at integration point

I

Check failure has
occurred

& < &peeq

End of step ?

------ o VUSDFLD

Yes Finish
Analysis

Fig. 8 Algorithm of Abaqus/Explicit user subroutine

Table 3 Comparison of fracture strain and fracture parameter for punch specimens

Label € O a,,
2T-D075 0.994 0.617 -0.293
2T-D150 1.336 0.613 -0.1%4
2T-D300 1.474 0.595 -0.193
3T-D075 1.220 0.624 -0.378
3T-D150 1.280 0.625 -0.232
3T-D300 1.452 0.629 -0.151
4T-D075 1.082 0.635 -0.419
4T-D150 1.230 0.619 -0.266
4T-D300 1.504 0.621 -0.158
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ABSTRACT: In order to understand the characteristics of the topography change in front of an impermeable breakwater, a coupled model for a
two-way analysis of the existing LES-WASS-2D and newly developed morphodynamic model was suggested. A comparison to existing experimental
results revealed that the results computed using the 2-D hydro-morphodynamic model were in good agreement with the experimental results for the
wave form, pore water pressure in the seabed, and topographical change in front of a submerged breakwater. It was shown that the two-way model
suggested in this study is applicable to a morphological change in the seabed around a submerged breakwater. Then, using the numerical results,
the topographical changes in front of an impermeable submerged breakwater were examined in relation to partial standing waves. Moreover, the
characteristics of the local scour depths in front of them are also discussed in relation to incident wave conditions, sediment qualities, and
submerged breakwater shapes.
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Table 1 The wave conditions used in Lee and Mizutani(2006,
2008)'s experiments

Test H, [cm] T, [s] Note
1 6.46 18 Waveform,
Pore water pressures
2 712 13 Morpholosical ch
3 707 135 orphological change

518 nb
325| Added T T T R=4 T T Added (83
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EHEE Zone Zone S2
<
o
7 Seabed (d5,=0.02) .
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I 100 700
X ' Analysis zone

Fig. 1 Schematic diagram of a 2-D numerical wave tank based on Lee and Mizutani(2006, 2008)’s experiments
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Fig. 3 Comparison between the measured(Lee and Mizutani, 2006) and the calculated pore water pressures in a sandy seabed
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Table 2 The conditions of incidnet waves used in this study

Case #, [cm)] 7 [s]
1 55 15
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Fig. 4 Comparison between the measured and the calculated equilibrium elevations of a sandy bed in front of an impermeable

submerged breakwater
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Fig. 5 Definition sketch of a 2-D numerical wave tank
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Fig. 9 The topography changes and mean concentrations of suspended sediments in front of an impermeable submerged breakwater
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ABSTRACT: In this study, to predict the effect of beach nourishment at Haeundae Beach, the waves and wave-induced currents were compared
before and after beach nourishment using the XBEACH model. Representative wave conditions were determined for the data observed during 2014
(KHOA). Then, the Hs,max and Hs,1/10 values, and their prevalent directions, were used in the numerical modeling input data. A variable grid
system was used for the 5 km x 2.5 km model areas, and irregular waves based on the JONSWAP spectrum were given as incident wave
conditions. In the summer season, eastward wave-induced currents were developed along the beach by the incident wave direction. Before the beach
nourishment, the maximum speed around the surf zone was 1.2-1.5 my/s in the central zone of the beach, whereas the maximum speed increased to
1.4-1.6 m/s at the same areas when the currents toward Mipo Harbor were blocked as an effect of the groins after the beach nourishment. In the
winter season, westward wave-induced currents were developed along the beach by the incident wave direction. After the beach nourishment, the
maximum current speed increased slightly around the surf zone in the central area of the beach, and the littoral current speed decreased at the
submerged breakwaters located at Dongback Island. As a result, after the beach nourishment, the maximum wave-induced currents increased about

10% in the surf zone of the central area of the beach.
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Table 1. Representative wave height in Haeundae, 2014

Waves Spring Summer Autumn Winter
Height [m]  3.09 3.64 3.67 2.90
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Table 2. Initial conditions of numerical simulation

Initial condition Summer Winter

Height [m] 3.64 29

Wave Period [s] 1143 9.22

condition
Direction [°] S ESE
Basin [m] 50 x 25 km
Grid system 700 x 350

Grids Ax = Ay = 5~10 m

(Variable grid)

Ruessmk/] 7“j:”%t](Ruessmk et al, 2001)01] ofsl AHAE-SH
< ARKEATE 7|4 AuntEAeE dEgHoR m W
oA go] AHE-EoJ A= Chezy Al 55m™*s' S A&t ALt
&tk Table 20l FAIRH ] 27121S VeI

u-AHE

N
S
S
0 200m
toeu”
Vector scale
— 10cm/s

% N5 Uy = 9.6 cm/s
%M*A
A N4
S N3 Un=95cmss
Um=9.7 cm/s
PN N2
N1 Um=125cm/s
Um=8.8cm/s
Wave-induced Currents

- Mean velocity : 9~13 cm/s
- Direction : W

Before Beach Nourishment (Computed) 5
JONSWAP Spectrum A
(Hs,max=0.9m, T=6.7s, Dir=ESE) f 100m 200m
—1mis

-
P LIl
Kk(--,zéd" A NS O
e ees AN4 - Um=9.05cmis - .
A N3 Um=1201cmis - - I
N2 Um =12.15 cm/s.

‘A Um =747 cmis
N1

"\«

Gl A UmsTaTemist oo
. Um 1265 cmls

Fig. 7 Comparison between measured (left) and calculated (right) wave-induced current in October, 2013



502 Tae-Soon Kang et al.

a2l 8ol RS AlFbskE 20131 11¢€ Heoll 9
RIF ASAEE FRsto HESGTE Fg 7+ g4t
F(BROOF, 2013)°l14 =3+ 2Ak5.9} 20139 10€ 6% thEv}a}
Z271%1 33 09m, F7] 6.7sec, ESE 33k 2708 4323
RF #Ees Jepdo #A=d SNF HaaE52 9.0~
13.0cm/s, 32 W(West) AlGe] $AISHAl #S5HATE 4]
At NF §E5L HHEOZ 50~40.0cm/sE UERA LS

w2

FHE W ALl A debdeh ST FA 2 A
& 9 sgge] BSAR} FAHA epte.

24 MAPe] ¢

sko] ol A} o] w8l SlF ¥SARE gt A
E3I3T) Fig. 82 | %4H(BROOF, 2014)°ll4] &

o} 2014\ 7€ 249 a1 331 0.7m, F7] 10.0sec, S
HeF 2o g ST Nl S =

WF B-F42 10.0~24.0cm/s, 32 E(East)~NNE(North
north east) A|Ge] Al AZH AT FAALTE HRF
&8 HFHOoZ 50-25.0cm/sE UEPdon $3& E~ENE
(East north east) AlEo] -A&A UESTE SRIRF FX R
A3 & 9 s59Eo] #5A A} FAHA UERsT

n 0 200m

nHaev

NS
N4 Up =168 cny/s
N3 Um #21.0 cm/s
Um =23.1 cm/s

Y N2
N1 Um =237 cm/s
Um =9.9 cm/s

Wave-induced Currents
- Mean velocity : 10~24 cm/s
- Direction : E~NNNE

[ A, 9PNl R BA A Aol

H
Ao 58 A% A dke oel s4ga
.

& v2Fgs Fahe il stAl debstty SRR f<5
& T F2lA 10-12m/s, HEER S Hol
1.2~15m/s2 7P & iWF7E JEs L siesd 5% B

P g BA A

Mol N B

3} wlastel F7ksIg oM BAl Ade] Yo S8l
EgoR Gk ST Sge] ArkEel UekkthFig 9)
oleidt SNIR ALARE 1% A - H4 AL Pl Aol
S A% ZANA B QoA Be H4o] Yofut Fag
Ao ANFE B A58 BE BREO nEgos
& Soi7l BA" Zlog Btk AR Pl Fol B4
o Yo s EAV} MEFEOR T oY ofFaA £t
I we o] AL BA BolA HAE Aow dabwEth

After Beach Nourishment (Computed) N

JONSWAP Spectrum A
(Hs,max=0.7m, T=10.0s, Dir=S) §_100m 200
—1mis

peAct

PSRN

S ov e oA NS0,

ae . ANg -Um=202emis. s -
A A
A N3 . Um=241¢mis’ |

Um=25.6 cm/s: .

‘A Um=34:2 enils R A CORY
N1 e Cos
Um = 12.4 cmis :

Fig. 8 Comparison between measured (left) and calculated (right) wave-induced current in October, 2014

SUMMER (Before Beach Nourishment) A

A

0 100m 200m

JONSWAP Spectrum
(Hs,max=3.64m, Tp=11.43s, Dir=S)
—1mls

SUMMER (After Beach Nourishment) N

A

JONSWAP Spectrum 0 100m 200m

(Hs,max=3.64m, Tp=11.43s, Dir=S)
—1mis

Fig. 9 Calculated wave-induced currents vectors before (left) and after (right) beach nourishment in summer



Wave-induced Currents using the XBEACH Model after Beach Nourishment in Haeundae Beach

503

WINTER (Before Beach Nourishment)

JONSWAP Spectrum
(Hs,max=2.90m, Tp=9.22s, Dir=ESE)
—1mis

A

0 100m 200m

WINTER (After Beach Nourishment)

JONSWAP Spectrum
(Hs,max=2.90m, Tp=9.22s, Dir=ESE)
—1mis

A

0 100m 200m

Fig. 10 Calculated wave-induced currents vectors before (left) and after (right) beach nourishment in autumn

52 37 2l & - = sfiElF AN 2t

57 ESE ADe] ol Ak A, il 2 EAAAN Qe
A58 5% PERA sleke wel shaa A Bl

o] 80 Yelgth dRlF &2
A
B2 04~0.6m/s 719 lalutake]
9 A4 A4 T FNF HHe gl
1
5

R A H%L

78
EERESIEE RS
ekt ol A3t

Be AT 7
3

= O I~
R 5

el

5.3 Sl R FA2| sHEIF gkt
2

53.1 3HA w1

Gk SNFIE 3P Vea Su RdME 93

hrag T 2o

rN
2
i)
ro

532 A sNF WHslEF

Fig. 122 7] 7|3t 5] ol A sl 53t ol &
AWF & WslEs Jepdth eSS TS AESRE
9] FHNF FEE 02~08m/s A= 713 A o2 YePt o]
2 =3 3HA wie} mR7EA = ofHle 2 1% ] He=m
TAlo] ol AL ) Eo] Fobxlr] WE] Ao = ATHT
aeal A FFoE EA viF Feirtol~sHl oF il
A N f452 02~05m/s AE FolRal B4 T 4

N (unit:m/s)

SUMMER

(After-Before) Beach Nourishment
(Hs=3.64m, Tp=11.43s, Dir=S)

1
0 100m 200m I
106

—0.2

02

I-06
-1

P

Fig. 11 Wave-induced velocity change after beach nourishment in

summer

WINTER
(After-Before) Beach Nourishment
(Hs=2.90m, Tp=9.22s, Dir=ESE)

N (unit:m/s)

A

0 100m 200m

1

Fig. 12 Wave-induced velocity change after beach nourishment in

winter



504 Tae-Soon Kang et al.

1A o SRl SAwst

b 7123724 XBEACH 2d& o] g3t o]

R - o sled S sE =

A meofstoint. o] ¥z s dRARIClA

dAte R 2ABAL Sl et S s FaSolel ot

FARE AHESle] tlEE-S Abgste] mdol A gstglon

JONSWAP =HER S ARgste] Sqf2{uto] ek #3129 E
sk

TR 5] A3} 3P S AL ol gyt A Al sl A

¥

al
& A 14~1.6m/sZ P A3} Bwsle]
Aol Yo FfraAdolA nEFo R Fst
ol Yepsith oleigt siRlF S50
& AZA A" ZAPL S S
EHEolet HHE o= et
A o] o= mxgo k= Fnl
of EAIFToA B HFo] BT Aoz
o A3 wxgo g FYETHE FAL A}
of FUulES tha vl IR F AE 20 E o Fdnh
A ESE AlEe] ol dag AL Aolle dl83 5% =

4

7

}
1

2&
k1
IS

A

SR

_|_,
N
ay)

(

o&[‘l(‘_\.ij;{'_ﬂ:o%_l&
:(’){é
L
it
Jo

2 Ju 2 -iﬁ
o of (o r g
*_,% é{m E &
~ _04 _101, E,
N S
b Tg
i ¥
] mlﬂ HU _]I;o
o
Sk oft O
N

H
oA SFER A% TS P8k dRlF 550 UER
3 T RZOA S| A%k sFo] UERTE Nl A
9 RF &2 AT TYNA A 08~1.1m/s T7=

Ueksith ol Fol NR 4L A 09-14m/s2 P

¢

sFvlaste] S7heRaL SR felEke] ARt 552
BRFAEAE AR el Aasigleh olEd@ sjulRF 5
S8 Qlsf Nl Aell= g4 FHNA o 2APL s
£ Moz ok HHHAY i) A 5Fo=
Bfdo] BAE AR At W Folle eS8 A
& WA TR o SNlF & S7HE F4ol o A- A
S8 FEHAR Jel¥aFe] 55 Aok A Ao FFL
Z A4 A el B s A o
A HHg Aog A

npA ko 2 XBEACH REd2 23t Rdlojeh= ©3o] 9lA
R qiqke} vto] A, 55, FARls Bl AWt thste]
AZoE & o glor HIAeqte] AFEOR gkl A 9 vt
HIAEA, v-55e] FEAE B HukE Ho o AeteiA At
& A= o] Sk 22la XBEACH EE2 siulF 4]
TofolRt =Rk A] a1 wAbolE B A PSR el 2

&) 7Fssbr] el 1 &840l E AR Z|thE

References

Andrews, D.G., McIntyre, M.E., 1978a. An Exact Theory of Nonlinear
Waves on a Lagrangian-mean Flow. Journal of fluid Mechanics,
89(4), 609-646.

Andrews, D.G., Mclntyre, M.E., 1978b. On Wave-action and Its
Relatives. Journal of Fluid Mechanics, 89(4), 647-664.
BROOF, 2013. Intermediate Report on Beach Monitoring for Coastal
Maintenance Projects in Haeundae Beach[lst year]. Busan
Regional Office of Oceans and Fisheries, Ministry of Oceans

and Fisheries, 337.

BROOF, 2014. Intermediate Report on Beach Monitoring for Coastal
Maintenance Projects in Haeundae Beach[2nd year]. Busan
Regional Office of Oceans and Fisheries, Ministry of Oceans
and Fisheries, 242.

Delft University of Technology and Deltares, 2010. XBeach Model
Description and Manual.

Kim, C., 1988. Studies on the beach Deformation Mechanism of
Haeundae Beach. Master's thesis, Pukyong National University,
Pusan, Korea, 52 (in Korean with English abstract).

Kim, G, Ryu, H,, Park, H,, Kim, K., 2013. Characteristics of Sediment
Transport under External Force in Haeundae Beach, Journal
of Navigation and Port Research, 37(6), 663-671.

Phillips, O.M., 1977. The Dynamics of the Upper Ocean 2nd Edition.
Cambridge University Press, New York. 336.

Roelvink, D., Reniers, A., van Dongeren, A., Van Thiel de Vries,
J., McCall, R., Lescinsky, J., 2009. Modelling Storm Impacts
on Beaches, Dunes and Barrier Islands. Coastal Engineering,
56, 1133-1152.

Ruessink, B.G., Miles, J.R., Feddersen, F., Guza, R.T., Elgar, S.,
2001. Modeling the Alongshore Current on Barred Beaches.
Journal of Geophysical Research, 106(22), 451-463.

Tac, D., 2008. Seasonal Characteristics of Sediment Circulation
in Haeundae Beach, Ph.D. Dissertation, Pukyong National
University, Pusan, Korea, 157 (in Korean with English abstract).

Walstra, D.J., Roelvink, J.A., Groeneweg, J., 2000. 3D Calculation
of Wave-driven Cross Shore Currents. Proceedings 27th
International Conference on Coastal Engineering, Sydney.

Yoon, E., 2009. Analysis of Sediment Transport using the STA
Method and Morphodynamic Model in the Nakdong Estuary.
Ph.D. Dissertation, Pukyong National University, Busan, Korea,
220 (in Korean with English abstract).



ok

=8| FFsts] R A30A A6Z, pp 505-519, 201613 12€ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

(Original Research Article Journal of Ocean Engineering and Technology 30(6), 505-519 December, 2016
http://dx.doi.org/10.5574/KSOE.2016.30.6.505

3-D Dynamic Response Characteristics of Seabed around Composite
Breakwater in Relation to Wave-Structure-Soil Interaction

Dong-Soo Hur’, Jong-Ryul Park” and Woo-Dong Lee™

"Department of Ocean Civil Engineering, Gyeongsang National University, Tongyeong, Korea
“Disaster Information Research Division, National Disaster Management Research Institute, Ulsan, Korea
“Institute of Marine Industry, Gyeongsang National University, Tongyeong, Korea

She-TAE-A N G o3
A FH AN 334 BAST 54

A WEE ol
EACKEEE

“FYAIIADTY A
LRI DYSEESN

KEY WORDS: Composite breakwater &34, Seabed 3I#=|qt, Wave loading T%3}%, Pore water pressure {t=%, Wave-
structure-soil interaction ¥&-T-ZE-A|4l 52+

ABSTRACT: If the seabed is exposed to high waves for a long period, the pore water pressure may be excessive, making the seabed subject to
liquefaction. As the water pressure change due to wave action is transmitted to the pore water pressure of the seabed, a phase difference will occur
because of the fluid resistance from water permeability. Thus, the effective stress of the seabed will be decreased. If a composite breakwater or other
structure with large wave reflection is installed over the seabed, a partial standing wave field is formed, and thus larger wave loading is directly
transmitted to the seabed, which considerably influences its stability. To analyze the 3-D dynamic response characteristics of the seabed around a
composite breakwater, this study performed a numerical simulation by applying LES-WASS-3D to directly analyze the wave-structure-soil
interaction. First, the waveform around the composite breakwater and the pore water pressure in the seabed and rubble mound were compared and
verified using the results of existing experiments. In addition, the characteristics of the wave field were analyzed around the composite breakwater,
where there was an opening under different incident wave conditions. To analyze the effect of the changed wave field on the 3-D dynamic response
of the seabed, the correlation between the wave height distribution and pore water pressure distribution of the seabed was investigated. Finally, the
numerical results for the perpendicular phase difference of the pore water pressure were aggregated to understand the characteristics of the 3-D
dynamic response of the seabed around the composite breakwater in relation to the water-structure-soil interaction.
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Fig. 7 Spatial distribution of non-dimensional maximum pore water pressures with and without composite breakwater
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ABSTRACT: In this study, a mixture of polypropylene fibers and glass fibers were used to weave polypropylene/glass fiber-reinforced composite
panels with characteristics such as highly elongated short fibers, high ductility, anti-fouling, and hydrophobicity as a result of a directional property.
Mechanical and environmental tests were carried out with specimens fabricated with this composite panel, and its applicability to shipbuilding and
ocean leisure industries was evaluated through a comparison with existing glass fiber-reinforced composite materials. The results of this experiment
verified the excellence of the polypropylene/glass-mixed woven fiber-reinforced composite material compared to the existing glass fiber-reinforced
composite material. However, the forming process needs to be changed to improve the weak interfacial bonding, and the properties of the composite
material itself could be improved through mixed weaving with other fibers after development. Maximizing of the advantages of the polypropylene
fibers and overcoming their shortcomings will improve their applicability to the shipbuilding, ocean leisure, and other industries, and increase the
value of polypropylene fibers in the composite material market.
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ABSTRACT: This study had the goal of designing onboard structures for a pre-pilot mining test (PPMTI), which is required for the
commercialization of the deep-sea mining industry. This PPMT is planned to validate the performance of a hydraulic lifting system and verify the
concept of operating through a moon-pool in the east sea, Korea. All of the onboard equipment and facility were designed by KRISO. Because the
test was performed at the first development, it is difficult to determine what risk will occur in the facility. Therefore, risk-based design is required
in the facility for the PPMT, which includes the facility layout, failure mode and effect analysis (FMEA), and risk reduction plan. All of the
expected performances of the lifting system itself and the onboard facilities were qualitatively validated using the risk-based design.

.M E

ALz AZE A 7HA ol s
2 50007 Ef o] Aal kAo EAsh= W dH = v
ZAAE AU JTh(Hong, 2010a; Chi and Hong, 2014). =
oA 4 iE AsiA =t /i A8 ALA TR
A AlA AF7E EokllA A= 7le Bf=el fxldd 3]
& = A = ATHHong et al., 2006; Hong,, 2010b). o]&}gt 4
= A8 A 7] F(International Sea-bed Authority, ISA) 2 &
AR FAE AR IARA Fogn, 5 I3 A=
A At (Mining Code) Aol dojA digil=re] &=
ARl FAA7} 7VsstAl HATh 202097 Ao = A
ISAS] 7R3 s A gl Aatq] Bigel 23t 2
oja o]’k &S] AA o= AHBA=He] iR
AS Aol 872 AR A7 A% Vs B0

rr K

AMe] A ol tigk Fnl7t asith o] iy FHlE A
W FEHE AFaols 2z Fol it onjada 4
A& (PPMT, pre-pilot mining test)= 7€, 435 Ag
ZtHYeu et al, 2013).

Moo

3 A== Fig 13 2o FAFA=gel tid d7=2=
FH AFEE 1/20 FE2 AD FHB77F AR
o 20108 F3 13078 Zlole] ZafollA dF NS T3l A
B35S FRISHATHPark et al, 2010). 2012'd0l= 4] #1%3
ol 1/4 TrEe] ddsl FFEEo] AFEIA e 20134 53
1,3007]E] zlole] el A Alge] o]Fojzl vl SUtk(Yeu
et al, 2012; Yeu et al, 2013). 3H ¥FFA| 2R g A7+
2009 EdSH R AREE A E GA AR, AT

Received 15 October 2016, revised 21 November 2016, accepted 22 November 2016
Corresponding author Sup Hong: +82-42-866-3350, suphong@kriso.re.kr

(© 2016, 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.

526
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Mining = Collecting + Lifting

= Collecting : MineRo => Buffer

« Lifting : Buffer-Pump = Vessel Seawater/Sediment
Emission

Fig. 1 Concept of the deep-seabed mining system
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Nodules

Fig. 5 Layout drawing of on-board facility for lifting system field test

Table 2 Plan for dominant failure mode of FMEA report

Item
No. et Name Freq. Seve. Detect. RPN Solution
1 Moon Pool Gate 3 5 1 15
11 Moon Pool Gate 305 1 15 mig%t};‘;?ﬁ“ﬁ;ﬁfnimé e
1-2 Guide Rail 3 3 2 18 Pin fixation design
1-4 Moon Pool Base Frame 2 5 2 20 Reinforcement
1-7 Elec. Cable 3 4 2 24 Design change
2 Moon Pool Structure 2 5 2 20
— R A
22 Base Frame 2 5 2 20 Perform UT test
2-4 Sheave Base Plate 3 3 2 18 Reinforcement
26 2nd Floor Moving Plate 3 5 2 qg Comsideration Ej;ed‘jﬁgﬁ HISE working
3 Riser Rack 2 3 2 12
31 Riser Rack Structure 2 4 2 16 Reinforcement
33 Clamp 3 3 2 18 Monitoring system design
5 Nodules Seperation and Disposal System 3 2 2 12
5-1 Pipe Line for Nodules Seperation (On the Deck) 3 2 2 12 Monitoring system design
55 Disposal Pipe 3 2 2 12 Monitoring system design
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Table 3 FMEA report of on-board facility for lifting system field test

No.

Item

Potential Failure

Ttem’s Function
mode

Ttem’s Name

Failure Item

Potential Cause of Failure

Failure Effect
Effect on Total freq. Seve. Detect. RPN

System

Moon Pool Clamp and support to riser in the LARS Noise, Speed

Deformation or failure by environmental
factors(wind, noise, wave, snow, rain,

Impossible to

1 Gate process of lifting system drop{TOpslrahon temperature, impact) and crash into external ~ lifting test 3 5 1 15
ouble equipment or crain
Noise. Speed Deformation or failure by environmental
11 Moon Pool Open and close in the side direction for dro . pration factors(wind, noise, wave, snow, rain,  Impossible to 3 5 1 15
Gate clamp of lifting system p:rr(glp;le temperature, impact) and crash into external ~ lifting test
equipment or crain
Noise, Speed Impossible to
1-2  Guide Rail Support rail for open of moon pool gate drop, Operation Rial deviation by noise and external shock open/close of 3 3 2 18
trouble moon pool gate
Noise, Speed Impossible to
1-3 Guide Roller Bottom roller for open of moon pool gate drop, Operation Rial deviation by noise and external shock open/close of 3 2 2 12
trouble moon pool gate
14 Moon Pool Installation between moon pool gate and ~ Deformation,  Deformation or failure of base plate due Impossible to 2 5 5 20
Base Frame  deck, Support to moon pool gate Failure to weaken base support structure lifting test
. . - . Impossible to
1-5 Ball Screw Prevention for rail deVIahqn on the roller Defor‘m ation, Deformation or failure by external force open/close of 3 2 2 12
and deformation Failure
moon pool gate
Securement of free mmotion f(?r rol & pitch Deformation or failure by environmental
mode on the ship, Consideration of . . . . .
Moon Pool R . Deformation, factors(wind, noise, wave, snow, rain, Impossible to
1-6 Clam material nonlinearty due to contact Failure ' rature, impact) and crash into external  lifting test 3 4 1 12
P between flange and clamp, Securement I é uiI ment or crain s
of structural safety on the stopper qup
Operation trouble, . .
Electrical cable to supply with buffer and ~ Overheating, Failure or mge of Ele(ﬁ" Cable by external  Impossible to
1-7 Elec. Cable i . force Impossible operation of moon pool open/close of 3 4 2 24
lifting pump Degradation of
. gate moon pool gate
electric power
e Deformation or failure by environmental
Securement of work spcae for lifting . . . . .
Moon Pool X X Deformation, factors(wind, noise, wave, snow, rain, Impossible to
2 Structure  SYStem operation, Sturcutre able to wire Failure temperature, impact) and crash into external ~ lifting test 2 5 2 2
work through the sheave mpe T . S
equipment or crain
Deformation or failure by environmental
21 Structure Basic tower supprot on the moon pool, Deformation, factors(wind, noise, wave, snow, rain, Impossible to 2 5 5 20
Securement of work space at each floor Failure temperature, impact) and crash into external ~ lifting test
equipment or crain
Basic support on the total structure ~ Deformation, Deformation or failure of base plate due Impossible to
22 Base Frame weight Failure to weaken base support structure lifting test 2 5 2 2
Nose,Operaon Cxemton r s by vl
Structure of pulley type able to operate trouble, . ! AT ! 1 Impossible to
23 Sheave two cables on the two winches Deformation, te P ature, imy d) and crash ‘?“‘? ext. lifting test 3 2 1 6
. equipment or crain Wire deviation into
Failure . .
sheave due to winch operation
Sheave Base Basic support plate for external force on Deformation,  Deformation or failure by external force, Impossible to
2-4 the sheave at 3rd floor of moon pool . . o 3 3 2 18
Plate tower Failure Destruction of sheave baseplate lifting test
2-5 Stair Stair of moon pool tower Deforma YO Deformation or failure by external force Hazarq of safety 2 2 1 4
Failure accident
Noise, Operation Destruction of moving plate by external
26 2ndFloor  Moving plate for LARS process of buffer trouble, force, Operation trouble due to damaged Impossible to 3 3 5 18
Moving Plate equipment Deformation,  driveline, Crashed plate due to support lifting test
Failure weakeness
2-7  Handrail Handrail for fall prevention at pool Defor‘ma O Deformation or failure by external force Hazard‘of safety 2 2 1 4
tower Failure accident
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Item Failure Item Failure Effect
i i Freq. Seve. Detect. RPN
No. Item’s Name Ttem’s Function Potential Failure Potential Cause of Failure Effect on Total 4 v
mode System
Noise, Operation Deformation or failure by environmental e
. . . . Difficult to
. Structure for riser cargo and trouble, factors(wind, noise, wave, snow, rain, . .
3 Riser Rack ) : . . operation of pipe 2 12
operation Deformation,  temperature, impact) and crash into external clampin:
Failure equipment or crain Ping
Deformation or failure by environmental oo
. . . . . Difficult to
31 Riser Rack Structure for riser car ¢ 48 Deformation, factors(wind, noise, wave, snow, rain, ration of bi 2 16
Structure ructure for riser cargo o e Failure temperature, impact) and crash into externa ope al (:n i?\ pipe
equipment or crain clamping
. ., Guide rail for rolling movement of ~ Deformation, Defect on the pipe of g}ude rail due to extermal D1f.f1cult to,
32 Guide Rail . . . crash, Deviation of pipe on the clamp due operation of pipe 3 6
riser at operation Failure . R . .
to guide rail defection clamping
Prevention for fall and rollover of Operation hjouble, Defect on the clamp <.:1u.e to crash between Hazard of safety
33 Clamp o Deformation,  pipe and clamp, Deviation of pipe on the . 3 18
riser in the rack . . accident
Failure clamp due to clamp defection
34 Handrail Handrail for fall prevention at top Deformatlon, Deformation or failure by external force Hazard‘of safety 2 4
floor of riser rack Failure accident
Deformation or failure by external force,
. . Plugging on injection pipe by foreign
4 Nodules Equipment for continuous injection Ntcrnse},;)lOp ;ratlgn material, Injection operation trouble of ~ Impossible to 3 1
Injection System of nodules ou di, pee nodules due to defect on the pump, lifting test
P Operation trouble due to failure of the
conveyer belt
Noise, Operation Defect on the pump by external force, I ible t
41 Injection Pump Pump for injection of nodules  trouble, Speed Pumping operation trouble due to n;}f)gsm te to 3 12
drop overworking or overheating of lifting pump Hng tes
Noise, Operation Deformation of failure due to decrepit
42 Convever Belt Conveyer belt for injection of tcr) el’)l Pg a 3 conveyer belt, Deformation or failure by  Impossible to 3 6
onveyer be nodules oub'e, pee external force, Operation trouble on the lifting test
drop . .
conveyer belt by foreign material
iection S Sensor to detect injection amount . Sensing failure by external force, Detection Hazard of safety
43 Injection or of nodules Operation trouble trouble by foreign material accident 3 12
44 Injection  System to control injection amount Operation trouble Failure on the injection control system by Hazard.of safety 3 1
Control System of nodules external force accident
. . . . . Operation
Support Plate of Support plate for coupling lifting ~ Deformation, ~ Deformation or failure of support plate by ... .
45 L NV . difficult and time 3 12
Injection Hose system to injection hose Failure external crash .
consuming
Deformation or failure by external force,
Nodules System for seperation nodules into Noise, Operation Lifting performance trouble due to defect Impossible to
5 Seperation and slurry, Disposal system of seperated ~trouble, Speed ~ pump, Plugging on the pipe by foreign Iilzh'n test 12
Disposal System seawater drop material or defect equipment, Leakage due s
to decrepitude or failure
PipeLine for Pipe l}ne from flexible hose to . . . . Degradation of
seperation system of slurry from . Plugging on the pipe by foreign material -
Nodules e Deformation, . system efficiency
5-1 ) lifting process, Structure safety on . or defect equipment, Leakage due to 3 12
Seperation the internal force due to pipe Failure decrepitude or failure and hazard of
(OntheDeck) Pip P safety accident
pressure
Flexible hose from lifting system to Deformation or failure by external force, Degradation of
52 TFlexible H pipe line, Compensation function = Deformation,  Plugging on the hose by foreign material system efficiency 3 12
; eXIbie OS¢ " due to heave motion of lifting Failure or defect equipment, Leakage due to and hazard of
system decrepitude or failure safety accident
Flow Control Sensor to measure the flow amount . Sensing failure by external force, Detection Impossible to
5-3 Measurement X A Operation trouble . . 3 12
Sensor into the injection system trouble by foreign material measure for R&D
Measurement . . . .
54 System of Measure s(;iysltem of s}ftperated Operation trouble Sensing tﬁaﬂlge lb;y efxtemal forie, 'Dletectlon Imposs1fble Rtfg)tD 3 12
Nodules Weight nodules weig] ouble by foreign materia measure for
. Def rmation and defect of d].SI pipe due Degradation of
. . . . Deformation,  to friction, Deformation or failure by external
55 Disposal Pipe  Pipe to dispose the seawater X . ) system 3 12
Failure force, Operation trouble on the pipe by
forei . performance
oreign material
Pump for Pump to separate nodules int Defect pump by external crash, Pump  Impossible to
56 Seawater-Nodu P ‘O Separate noduie ° Operation trouble operation trouble due to overwork or separate seawater 3 12
. seawater .
les DisCharge overheating of pump and nodules
Mesh for Defect or deformation by friction of Impossible to
5.7 seperating Mesh to separate nodules into Deformation,  seperating process between seawater and e arr;te coawater 3 12
Nodules into seawater Failure nodules, Deformation and failure by external I?m d nodules

Slurry

force
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Table 1 Computed wind and current forces on buoy models
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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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